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PREFACE 


THE FIFTH VOLUME. 


T he nine years wMch ha^e elapsed since this work was commenced 
have witnessed important changes in the modes of viewing and 
representing the constitution of chemical compounds. The old system of 
notation, founded on the dualistic theory of chemical combination, and the 
atomic weights adopted in Gmelin’s Handbook and other standard works 
of older date, may now be regarded as belonging to the past ; and even the 
new system introduced by Gerhardt has undergone considerable modifica- 
tion, the atomic weights which that chemist assigned to many of the metals 
having been doubled, and his system of typical representation having been 
developed into the modern theory of atomicity These changes and de- 
velopements are explained in the article Classification by Professor G. 
C. Foster, and the articles Atomic Weights, and Metals, Atomic Weights 
AND Classification of, by Dr. Odling. The smaller atomic weights of 
many of the metals (Ba=68'7 ; Hg = 100 ; Zn = 32-5, &o ) baidng 
been adopted in the earlier part of the Dictionary, it was thouglit 
advisable, in first introducing the larger ones, to distinguish them by 
doubled symbols (Bba = 187, Hhg = 200, &c.); but in the latter part 
of the work these double symbols, which are rather clumsy, have been 
abandoned, and the ordinary symbols used, with accents or dashes, when 
necessary, to indicate the equivalent value. 

In bringing the Dictionary to a conclusion I have to regret that it is in 
some respects less complete than I could wish. Although it has extended 
consideiably beyond the hmits originally contemplated, the space has still 
been found too narrow for the adequate treatment of many important 
subjects. I have however endeavoured to give some notice of every com- 
pound discovei od up to the time of the publication of each Part of the 



KuiK, <iua wneie lau aescription was impossible, relerence is given to tiic 
oiiginal sources of information. The earlier volumes are necessarily 
somewhat behind the present state of knowledge, but should the work 
meet with the success for which we hope, this deficiency may perhaps, be 
made good by a Supplement. 

In conclusion I have to tender my best thanks to those gentlemen who 
have enriched the work by their valuable contributions. Several of these 
articles have taken rank as classical treatises on their respective subjects, 
and to them the work will be in a great measure indebted for such success 
as it may attain. 


HENRY WATTS. 
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QUASRAITTOXIBll. A term applied by H. Bose to oxides containing 4 atoms 
of metal to 1 atom of oxygen, snob as suboxide of silver Ag^O • better called tetrajiutaUio 
ondes (see Oxiniis, iv, 304) 

QUADRI and QUABRO. Prefixes synonymous with Tetea- e.g. SnCl* = 
Quadrichlonde or Tetrachloride of tin. 

QtTARTZ. Native orystaUme anhydrous sUioa, SiO’, occurring either in distinct 
crystals, often of large size, or m crystalhne aggregates, or massive 

The crystals belong to the hexagonal system, being six-sided pnsmswith pyramidal 
summits, made up of the two opposite rhombohedrons, + R and — R, with the cor- 
responding prism ooR , hemihodral or tetartohedral, exhibiting the modifications 
described under OETSTAinoouAPiiY (li. 139 — 143), For E, the principal axis = 1 100. 
Anglo E R (terminal) = 04° 16' For the hexagonal pyramid, the angle of the 
terminal edges = 133° 4'; of the lateral edges = 103° 34* Cleavage very imperfect, 
parallel to R and eoR Twins are of fbequent occurrence, the face of composition being 
either the basal plane, oR, or a plane truncating the pyramidal edge, or the face R 
The two crystals compounded parallel to oR, sometimes penetrate one another very 
irregularly, wliile the external planes are regular and even (Dana, u. 140). Distorted 
crystals also occur, somchmes curved, as in figure 356 (li 166) 

Hardness = 7 Stmeifle gravity =• 2 6—2 8, according to Beudant, = 2'6413— 
2 6541 ; according to Hauy, = 2-6701 Lustre vitreous, sometimes molimng to resmous. 
Colourless when pure (rook-crvstal) , hut often exhibiting various shades of yellow, 
rod, brown, green, blue, and black, from admixture of oxide of iron and other nietalho 
oxides. Streak, of the pure vanetiss, white ; of the impime, often the same as the 
colour, hut much paler Triiusparent to opaque. Fracture perfect eonohoidal to 
suheonchoidul Tough j brittle , friable. Infusible alone before the blowpipe, but 
with carbonate of sodium it fuses readily, and with effervescence, to a transparent 
glass 

Quartz exhibits numerous varieties, arising from peeuliai modes of formation and 
crystallisation, or from impurities They may be dividedmto three groups — namely, the 
vitreous varieties, exhibiting the bright glassy lustre of broken quartz-crystals , the 
chalcedonie varieties, exhibiting the glistening subvitreous or waxy lustre and 
translucency of chalcedony ; and the jaspery varieties, having the dull lustre and 
colours and the opacity of jasper. The vaneties helongmg to the second and third 
groups have been already described (See CnAnoKnoNY, i. 844 ; Jasper, hi 442 ; and 
the names of the several varieties.) 

The vitreous group includes : a Eoch-ergstad, or pure crystaUised quartz. An 
asteriated variety contains whitish impurities or opaque particles, arranged along the 
diiimefcral planes. — 6 Amethgst: dear purple or hlmsh-white quartz-crystal, thecoloar 
being generally ascribed to a small percentage of oxide of manganese. According to 
Heintz, however, it is due to a compound containing iron and sodiiim — y. Eose-quai te ■ 
rose-red or pink, transparent or nearly so, with vitreous lustre, usuaUy massive, 
and often much cracked. The colour is probably due to manganese, but is attributed 
by Fuebs to oxide of titanium, and by Berthier to organic matter — S Ftiise topaz a 
Kgbt-yellow pellucid variety of quartz-crystals, resembhng yellow topaz, but dis- 
tmgnislied therefrom by its crystaUme form, and the absence of cleavage.— e Smoky 

'VoL. V. B 



2 QUAETZ-POEPIIYRY— QUERCETAMIDE. 

or Caimj'wm-sifoMc has a brownish sraokj tint, somi times jielliieul — f. jlf/V/.// 
quarts . one of the moat common varieties, massive, vitreous, with a Tiiilk-wliito eolmir, 
Sometimes it has a greasy lustre, and is then called greasy quarts —ri J'/ use is ii lei k- 
green variety of massive quarts. — 6 Avmturm quarts is niiniitoly spangled tlirmigh- 
out the mass with yellow scales. It is usually translucent, and of a grey, brown, or 
reddish-brown colour — a. Btderife ; a bine variety fi’om Gollmg, near SuU^biiig — 
K. Ferruginous quarts is of an opaque red, brownish-rcd, or oeliro-y cllow colour, duo to 
oxide of iron. It occurs in distinct crystals, soroetimes minute and aggreguted luto 
masses, like the grains of sand in sandstone 

Quartz in some of its varieties occurs in almost every rock-stratum. It is an 
essential ingredient of granite, gneiss, mica-slate, and other allied rocks. Tho 
chqjeedonie varieties occur principally in tho vesicular cavities of biisiiltic and allied 
rocks. Fhnt occurs imbedded in chalk. Horiistono is sometuncs imbodded in liine- 
stone. Jasper is also associated with hmestono, and with basaltic rocks and 
porphyry. 

Quartz-crystals sometimes occur of enormous size. A group in the Museum of the 
University at Naples weighs nearly half a ton. Tho British Museum also possesteii 
some very large specimens. 

Quartz is distinguished. 1. By its hardness, scratching glass with facility. — 2 In 
fustbMy, not fusing alone before tho blowpipe. — 3. InsoluhlliUj, not being attacked by 
water or acids — 4 Tlncleavabilitg , one variety indeed is tabular, but true eli .ivagu is 
never observed — 5 Tho reaction with soda (p. 1). It is only pure quartz, however, 
that forms a clear glass. 

QUARTZ-PORPHTTBir. See PoOTHYiiT (iv. 691),— Bor .iimljses of several 
varieties of this rock, see Tribolet (Ann. Cli. Pharm, Ixxxvn 327, Juhrt-sb. 1863, 

p. 868). 


QUASSXA-CAniPBOR. A substance which separates from an aqueous infusion 
of quassia- wood, lu white crystalhno plotcs, lighter than water, and having tlie odour 
of Uio wood (Bonnorscheidt, Handw. d Cliom. vi, 741.) 

QxrASSXll'. Quasslin. Quassvte. CMP'^O’? CWinoklor, Report, Pharm liv. 
86 — ^Wiggers, Ann Oh. Pharm. xxi. 40) — ^Tho bitter principle of quassia-wood 
(Quassm amara, Jj.) To extract it, tho coiicontrated aqueous infiisnm of Ihii wood, 
after being freed from pectin and other subst.inces by trealiiieut willi slaked lime, is 
evaporated to dryness, the residue is digested in alcohol of HO or 90 per emit ; tho 
alcoholic solution is evaporated; the yellow, bitliir, crystiilliim siibstaiice which 
remains is treated with a very siniiU quantity of absolute aleotiol , I he resulliiig 
alcohobo solution is mixed with a largo quantity of other, and tlie filtend ethereal 
solution, after being concentrated by evaporation, is poured into a small qiiaiility of 

The liquid, if then left to itself, gradually deposits qnassin in small wliito opaque 
prisms — ^very hitter, inodorous, and permanent in tho air. It melts wlien lieati d, and 
forms, on cooling, a transparent, yellowish, very brittle mass. At a higher lempi iMtiiro 
It becomes more fluid, turns brown, earboiiisos, and then yields .leiil proilmts free 
from ammonia, 100 pts of water at 12® dissolve 0 45 pt of quassiii Its selubilil v is 
increased by the presence of very soliihlo saline snbataiiees or organic mudh It 
contains, according to Wiggers, 66 7 per cent, carhon, and fl 9 hydrogen, agri eiiig 1 1 ly 
closely with the formula The aqueous solution ghesawhile prceiiutaK wilh 

tannin, hut is not precipitated by iodine, ehloruio, mercuric chloride, inui-siills, or le, id- 
salts. It dissolves without coloration lu oil of vitriol, and m nitric acid of spocilio 
gravity 1‘26 , hot nitric acid conveits it into oxalic acid, 

QVASSITE. Syn. with QuabsiN. 

QXTBHW’S MBTAI.. An alloy consisting of 9 pts. tin, 1 antimony, 1 lead, and 
1 bismuth. 

QUBRAiSCITRIM-. C‘'H‘W“. fRochloder, Ann Ch Phiirni exii 112)— 
A substance extracted by alcohol from the leaies of tho cliestnut (? horao-ehesliiut),* 
It forms fine yellow cry, stalhne grains of the size of poppy-seeds, and is resohed liy 
hydrochloric acid into quercetin /ind glucose ; 

C*’H'“0® + 3S“0 = + 3C«II'=0" 

QITERCETAnilBB. An ammonmeal solution of quercetin left to itself for two 
months, and then treated with hydrochloric acid, deposits unaltered quercetin; but on 


* Thesubstnnee is snid by Rochleder to occur “ in den Knetuiilmlilattern ” but tlu- n inir 
which ho gives ^to H, i^uld ficcm to imply that It wns obtumpd from tin* Iiorhi'-clict 



QUEECETIC ACID. ’ 3" 


adding ammonia to tlieaeid filtrate, qiiercetamide la obtained, as an orangD-yellow pre- 
cipitate, which alterq very quickly on exposure to the air. At a temperature of li6° 
to ] fiO°, this body is formed in twelve hours, but in a less pure state It is amorphous, 
slightly soluble in water, more soluble in alcohol, ether, hydrochloric acid, and excess 
of ammonia. (Schutzenberger and Puraf, Zeitschr. Ch Pharm. 1862, p. 41.) 

QTTBItCZiTXO ACID. C'’H'=0“, or C«H“0“, or 1 (Hlasi wetz, Ann. 

Ch Pharm, cxii 96 — Zwenger and Dronke, iiia!. SnppL 1 . 261 , also cxxiii 163. — 
Hlasiwotz and Pfaundler, J pr. Ohem. xov. 66, Jahresb. 1864, p. 661 ) — A 
compound formed, together with phloroglucin and other products, by the action of 
boiling potash on qneroetm- 

C»H'"0'» -t H»0 = + C»H“0” (Hlasiwetz). 

Quorcettn. Quercetlc Phloro- 

30"H>"0“ + H»0 = + 3C“H»0» (Zwenger and Dronke). 

(Hlasiwetz and Pfaundler). 

QuercPtln Quercetlc Morin • ' 


preparation — A hot very concentrated solntion of 3 pts. potassium-hydrate is 
boiled down in a silver basin with 1 pt. quercetin, and the residue is heated, till a 
sample dissolved in water on a watch-glass no longer gives a flocenlent precipitate 
(paradatiBoetin) with hydrochloric acid, and the residue quickly turns dark-red at the 
edges , it is then immediately diluted with water, and neutraUsod with hydrochloric 
acid. After being left to cool and stand for a while, it is filtered from the separated 
flocks, which oontam qneroetm and paradatiscetin ; the flltrate is evaporated to 
dryness ; the residue exhausted with alcohol , the alcohol distilled off from the brown 
tincture ; and the residue diluted with water On adding neutral acetate of lead to 
this solution, quercetate of lead is precipitated (phloroglnoin remaining in solution), 
which may be decomposed under water by sulphydric acid After the sulphiile of 
lead has been fUtorod off and washed with boihug water, the solutions are evaporated 
in a current of hydrogen, and the aystals, which separate after some days, are coUeoted 
and decolorised by reerystalhsation, with addition of animal charcoal (Hlasiwetz) 
Or the neutralised solution, mixed with one-fourth of its volume of alcohol, may bo 
shaken up with ether, the ether evaporated, and the residue dissolved in water, and 
freated with acetate of lead as above. (Hlasiwetz and Pfaundler ) 

Properties — Queroetio acid erystaUises in slender sUky needles, which effloresce in a 
warm atmosphere, and give off 16'49 per cent, water between 120“ and 131“ 
(0'’H‘®0®.H0“ requires 16 47 per cent.). The composition of the anhydrous acid, 
according to calculation and analysis, is as follows • 

Calculation Mean of 


Carbon 



. 37-22 
100 00 


37 57 
100-00 


The last formula agrees best with the analyses, but it does not afford so ready an 
explanation as the others of tho simnltaneoua formation of phloroglucni from quercetm 
(p. 6). 

Queroetio acid dissolves sparingly in cold, easily m boding water , it is soluble 
also in alcohol and ether Tbo aqueous solution turns yellow when exposed to the an- 
A very dilute solution, when exposed to the am, acqmres first a yellow, then a splendid 
earmiiie colour. Theacid dissolves with rad-hrown colour m oil 0 / nlriol, and is pre- 
cipitated by water m red flocks, forming purple solutions with ammonia and potash 
(Hlasiwetz) — It is coloured hlaek-blue byfemo oHnnde, or m very dilute solution, 
a splendid bright blue (Hlasiwetz) 'When dissolved in water together with urea 
it forms a compound, and with excess of arefl, a product of decomposition (Pfaundler) 
By fusion with potash, it is converted into protocateohnic and qncrcimei-ie acids 
C'‘H>“0' -t H“0 + 0 = C'H»0* + C“H»0". 

Querietlo Protoratoohulo Queramerlc 


« The monn is said to be further transformed into phloroglucin, with simultaneous forroalion of 
exalir ,ii id , but llio mode of decomposUlon Is not given. 

B 2 



4 ' QUERCETIN. 

Diaoeto-querootlo aold. = C''H'»(C’IPO)’-0"? (Pfniui dlt-r, 

Ann Gh Phnvm cxix 813.) — OWained by liciiting qiicrcdtic iioid with eldorub' of 
acetyl to 100“ in a sealed tube, expelling the excess of the chloride after the action is 
over, and drenching the residual glutinous mass witli water. It then remains in 
resinous floclcs, whiohmay be purified by washing with water and crystdlisatioii from 
alcohol. It IS decomposed by heat, with formation of acetic acid. It reduces allcaliiio 
solutions of copper- and silver-salts ; scarcely colours a solution of ferric eblonde 

The above reaction also gives rise to the formation of a second product, probably 
monoaoiiuqiietaetio aeid, which remains dissohcd in ulcoliol, after the di.iceto-componrid 
has crystallised out, and is precipitated by water in white flocks; it colours ferric 
chloride deep green (Pfanndler.) 

QTTZiBClBTIlir. Mdetin — A product of the decomposition of qucreitriii and 
similar bodies, discovered in 185-t by Kigaud (Ann. C!i riianii xc ‘2b3), and 
ftirther examined byHlasiwetz (liiif. exii. 90), who assigned to it tlio toriimla, 
C »1I'“0'“ , by Zwengor and Dronko (tbid. Suppl. i. 21, and cxxiii. ISO), wbo adopt 
the formula 'G'"H'"0“, proposed by Wurtz (Aim. Ch I’bys |,l] xlii 2 tl) ; and lastly 
bj Hlasiwetz and Pfanndler (J. pr Olicm. xciv. 05 ; .lalircsb 1801, p. 500), wlio 
regard it as C"H'“0'“. 

Q,uorcetin is produced, together with sugar or a similar body, by boiling qiiurcitrin 
(Pigaud), rutm(RochlederaiidIIlasiwotz),ori'obnmi (Zwe nger andllronke), 
with aqueous mineral acids, and separates during tho boiling and on cooling, partly only 
after the liquid h.is boon left at rest for some time. It is likewise obt.iined in tlio 
preparation of quercitnn by the method presently to bo described (p 0), and by the 
decomposition of several substances idoiific.il or isomeric with qiicreitrin, viz, — b. A 
yellow colouring-matter from ripe horsc-ohostnufs, likewise found in thii full but not 
in the undeveloped leaves, and m tho flowers (Rock ledorl.— 18 A yellow dye from 
hops. — y. A yellow dye from tho berries of the soa-bucklliorn nr halluwtliorn (//yi- 
jiopltdi rhanmoides). — S. Flavin, a yellow-brown powder from North Amenca (ii 055). 
— e. Tho green leaves and the flowers of pliuits contain either qiiercitrlii or quercetin, 
(Pilhol, J. Pliarm. [3] xli. 151 ) 

Bhamiiotin and tliujetiu are regarded by Hlnsiwetz ns identical witli quercetin, which 
however is doubted by Holley in tho case of rhamiictni, 

Quercetin forms eitlior small, very slender, bright-yellow needles, wlncli do not polarise 
light, or a leiiioii-yellow powder. It contains water of cryHtallis.ithin, wliicli, aei'uriluig 
to Illasiwetz, is not completely expelled .it 120°, or oven between 21)0° and 221)^ 
Hlasiwetz oinginally assigned to hydrated qiiemefin dried at various teiniieratures the 
formula; 2G^'IP»0‘».H’0,aiid I1»0 ileeordmg to the iiiorii 

recent experiments of Hlasiwetz and Pfaiiiidler, anhydrous qucrcefiii is tl”!!'"!)'*, ,ind 
there are two hydrates eoiitaiiiiiig 20''H“0'UP0 and C®'II'"0‘-' It-'O. | J-'or analyses, 
see Gmelin’s HanifAWr, x'.u. 492, and the memoir of llluaiwetz .iiid Pfuuiidler aliovo 
cited.] 

Quercetin melts above 251° to a yellow liquid, witlioiit decompositinn wlien quickly 
heated, and solidifles in tho crystalline form on eoohug At a liiglior temperature, or 
when slowly heated even to 230° — 250°, it sublimes with p.irtial decomposition in 
yellow needlea It is inodorous, pariiuinout in the mr, and neuti.il 

Quercetin is nearly insoluble in cold, and but slightly solnWe in boiling wnirr, 
forming a yellow solution; easily in alcohol even when very dilute, mueli less fieely m 
ether. It dissolves without decomposition in warm acetic aud, and in w inn eoneen- 
tratod hydrochlono acid Prom solution in alcoholic hydrochloric acid it sep.irales lai 
concentration in deep orange-yellow crystals.-— Cold nUnc acid dnssolves if readily, ami 
on heating the solution, oxalic aeid is formed, togetlier vvitli a small quantify of picrie aeid 

Qiievcetm dissolves easily in alkaline liquids, forming goiileii-yiillow solutnmN, from 
which It is precipitated iii flocks by acids. It forms willi poUikh tlio eoiiipouiid 
C''1I'"0“ K*0, or H'-O, a corrc.spondmg compound with ioda, ,iial with 

nnc-oxide the compound C*'H‘“0'“Zii''H"0''. (Hlasiwetz and Pfanndler.) 

Tho alooholic solution of quercetin forms a brick-red proeipitalc with nuilittl rice/nte 
of lead. — Fen one chloride colours the alcoholic solution durk-red, but seareely. nlb'ets 
tho nqueous solution.— PCH'IC chloride colours tho aqueous Bolution dark-green, even 
when very dilute, tho colour eliaiiging to dark-red when heated, Aiialeoliolie ao'liitnm 
of quercetin mixed with alcoholic ferric clilorido and ev.iporated, loaves a dark-grcca 
amorphous mass, neaily insoluhle in water, but dissolving completely in aleoliul and 
ether, tho solutions having the colour of chlorophyll. (P fa u ii d 1 o r ) 

Quercetin easily reduces nitrate of silver at ordinaiy temperatures, ihloriih' of quid 
at tho boiling heat, and cupric oxide in alkaline solution. When heated, or b ft for 
some time in contact with aqueous aatiwoma, it forms quorcetamide (Heli’iil/eiiiier- 
ger and Paraf, p 2) 



QUERCIMERIC ACID. 5* 

Quercetin heated with potash yields quercetic acid and other products, varying 
according to the duration of the action. 'When it is heated with 3 pts. potassium- 
hydrate till a sample dissolved in water exhibits a puiqile-red colouring on the edges, 
the product consists chiefly of quereotio acid, phloroglucin, and paradatisce- 
t in,* G'‘H'"0® (formerly called % Hlasiweta ofp Aa-gitcrceitn, and regarded as 
whicH separates in yellow flocks on the addition of hydroehlorie acid. If the action 
be further prolonged, protoeatechuie and quereimerio acids are produced by 
the decomposition of the quercetic acid, also a body which hae not been obtained in 
the free state, but remains in the mother-liquor from which the phloroglucin has been 
deposited, and is characterised by yielding a fine violet colour wim carbonate of sodium 
and indigo-blue with strong sulphuric acid. 

Hlasiwetz and Pfauudler regard qnercetm as a compound of quercetic acid and morin : 

= C'^BPO* + C“H«0* 

Quercetin. Morin. Quercetic acid. 

a View of its composition which explains the formation of querootie, quercimeric, and 
protoeatechuie acids, but not that of poradatiscetin. The quercimeric and protocata- 
chuic aeids are formed as shown by the equation already given (p. 4). The phloroglu- 
cin appears to he formed from paradatisectin, thus: 

2C‘»H'»0' + 6H'0 + 0* - fC’HW. 

The quantity of phloroglucin produced is greater as the action is more prolonged. [The 
mode of formation of quercetic acid and phloroglucin according to the older formulte of 
quercetin has been already given, p. 3 J 

When a solution of quercetin in dilute soda-ley is treated with sodium-amalgam 
(containmg 3 or 4 per cent sodium) till the liquid has acquired a light brownish- 
yellow colour, then neutralised with hydrochloric acid, and shaken up with ether, the 
ether extracts phloroglucin, together with two other bodies which may be separated by 
precipitation with acetate of lead. On decomposing the precipitate with sulphydi'io 
acid, and evaporating the filtrate in a vacuum, a oiystalline powder is first deposited, 
consisting of a body. A, having the composition while another body B, consist- 
ing of separates in granular crystals &om the mothcr-hquid after longer 

standing and repeated evaporation 

The less soluble body A is a weak iicid, which crystallises from hot water in slender 
prisms, and dissolves oasUy in alcohol and ether, its aloohohc solution is coloured dark- 
violet by ferric chloride, and violet changing to brown-yellow by potash. By 
renewed treatment with sodinm-amalgam it is converted into phlorogluom ; by fusion 
with potash, into plilorogluoin and protoeatechuie ocid 
O'SH'W + 0* = C'H’O* + 

The other body B is also a weak acid • it melts at 130° ; its aqueous solution is coloured 
dark yeUow-red by a drop of caustic potash, green by ferno chloride, and then purple- 
Tiolot on addition of sodio carbonate. It reduces silver-solution and alkaline cupric 
solutions, and is converted by fusion with potash into protoeatechuie acid : 

C’H'0> + H’O = (BH'D* + 2H». 

An alcoholic solution of quercetin acidulated with hydrochloric acid is converted by 
Boliiun-amalgam into a red body (Stem’s paraearthamm, iv. 341), which is easily 
reconverted into quercetin. (Hlasiwetz and Pfauudler ) 

QUBKClMEmc ACID. CWO'.— Produced by the action of melting potash 
on quercetic acid, or by its prolonged action on quercetin. When quercetm is 
fused with hydrate of potassium tiU the mass no longer froths up in large bubbles, and 
a sample of it dissolves, no longer with golden-yeUow, but with tawny-yellow colour, 
changing to red more quickly on exposure to the air, quercimeric acid is sometimes 
found in the solution, instead of, or together with, quercetic acid, and separates from 
the mother-liquor ill granular crystals, which may he purified by repeated fractional 
crystallisation and decolorisation with animal charcoal, or by decomposition of the lead- 
precipitate with sulphydric acid. 

Quercimeric acid in the crystalline state contains C‘H"0".H®0. It is colourless, h.is 
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an acid reaction and aatringent tusto, dissolves readily in water, alcohol, and other, and 
separates tUero&om, in granular or small prismatic crystals. Tlio iiqiicoiis sululiou 
immediately becomes purple-rod on addition of a trace of allnili, dark-tlno with teriie 
chloride. Like quercotic acid, it reduces nitrate of silver and alkaline cupric solutions, 
and is precipitated by acetate of leai When fused with potash, it yields proto- 
cateehuic acid; 

C®H"0» + O = C’H:“0< + CO’. 

<^XTIlRCX^AnrN'IC Aom. An acid of unknown composition, extracted from 
oak-hark, and exhibiting with ferric salts the same reactions us gullotannic acid. It 
differs however &om the latter in not being convertible into galhc itcid, and not jneld- 
ing pyrogaUic acid by dry distdlation It is precipitated by sulplmrio acid in red 
flocks (S ten bouse, Ann Cli Pliarm xlv Ifl ) 

According to Eochleder (fbid Ixui. 202), the taiinio acid of black tea is the same 
as that of oak-hark. 

QtrXiRCXTXl. Qnercin. Suqar of Acoi ns. (Brae on not, Ann Cii PIijs. 

[3] xxvii 392. — ^Dessaignes, Ann. Ch.'l’li.u'in. Ixxxi 103 and 231) — A sacclianiio 
substance contained m aeoms. To prepare it, the aqueous cxtr.iet of brnihed lu’orns 
is froed from dissolved tannic acid by heating it with hiiie, the iilU’atc is led, to fer- 
ment with yeast, to remove fermentable sugar , the filtered liquid is ovapoialed lo a 
syrup , and the crystals which separate after a while, are washed witli alcohol, and 
roerystaUised from water or weak spirit. 

Quoreite forms hard monoclinio crystals, giating between the teeth. It is perm.ineiit 
in the oir, and does not alter even at 216°, but melts at 235'’, ivitli partial snljliiimf uin 
and slight OMhonisution. It dissolves lu 8 to 10 parts of water, iormiiig a solution 
which takes up a small quantity of lime ; also m hot dilute iileohol 

Quercite triturated with strong sidphtiuc arid, forms a conjugated acid, the calcium- 
salt of which does not crystallise By hot nitno uetd it is convi rted into o-x.ilic, not 
into mueio acid. A mixturo oimtne and suljihuno acids coiivort.s it into iiitroquiir- 
cito, which IS a white amorphous resin, insoluble in water, soluble in hot alcohol, 
reduced to quercite when its alcoholic solution is treated imtli sulphydnc aeid 

"With haryia, querote forms a compound containing 0'’II’*0"’.Ba"0.2H’U It forms 
a white precipitate with a warm solution of iasio Icad-avctate mixed willi ammonia 

Bcmoquercite, = C*II'"0* (O'H'Ol’. — A solid neiilr.il onmpound pro- 

duced by heating quercite with honzoic acid to 200° in healed tubes. II is iimnlnhlii in 
water, soluble in ether and in alcohol Wlieii dissolved m absolnlu aleolml and 
treated with hydi'ochlorie acid gas, it is resolved into quoro,te and elhyiic bonzoali) 
(Borthelot, Compt rend. xliv. 402.) 

Stearoqucroite, = C“II'"Ol(C"'IP’0)’, is a white solid muss, winch 

reacts like the preceding, and is obtained in a similar man iier. (li o r t li o 1 o t ) 

Q.uercitartar%e acid, + 40^IPO“ — 2H’0, is obtained 

like duloitartaric acid (ii. 348) L'om quercite and tartaric acid. IIh (a/cium-sa/t, 
C^H^Ca’Q” 2H’0, gives ofif 16T per cent, water at 110°. (Bortlielot, Ann. Oil. 
Phys. [3] hv 82 ) 

QVERCITRIxr. Quermtrie Acid. Qufrcimchn , — A neutral suhstanco occnrniig 
in qiiei'citroii-bark, the bark of Quercus tinotona. 

Preparation. — 1 The hark is boiled with water, the decoction is left to cool, and the 
impure quereitnn which separates is collected, then rublicd to a pulp witli aleohol of 
36° B, he.ited over the water-bath, eoUeeted on linen, and pressed, wliereliv llie iirineipal 
impurities are removed The residue is dissolved in a larger quantity of boiling iileo- 
hol, the solution is filtered hot, and water is added to it till it becomes tnvhid, so tleat 
the greoter part of the qneroitrm soparutes before the liquid is quite enld, It is tlnm 
collected, pressed, and purified by a repetition of the hiimo t.ivatmtml, (Roelileiler, 
J pr. Chem Ixxvii. 34).* — 2 The pulverised hark is oxlimisted with six piivts alcflu,! 
of specific gravity 0 8t in apereohitor, till the liquid is of ii bright wiiiu-y, Unw enlour. 
The tincture is freed from tannic acid by precipitation until wiisIkhI cix-bliiddei' or 
isinglass-solution, andfiltered; and after adding water, the alcohol is distilledoli; nlien a 
quantity of brown resinous dropsfirst separatee, and afterwards qiiercitrin eiystallihosont. 
The crystals must he collected before remaining too long in the mother-liquor, then 
washod with cold water, and dissolved in absolute aleohol. and the filtrate, after mldi- 
tion of water, evaporated tiU it crystallises (Bolley, Ann. Cli Pharm x.xxvii 101 ; 
1x11 136 — ^Eigaud, ihd xe. 283). — 3 The bark, in small pieces, is exlmnsted with 
boiling alcohol , the alcohol is distUled off, and the rosidiio, while still warm, is mixed 


• The quorcltrln remaining i 
with hydrochloric ncid In the 
flep.iratlng It Is to be filtorc 
from the solution. (Uochle 


the bark is obtained as quercetin by dneompoBing 
ol.l then filtering, and heating to the boiling-point, 
ivhllst iiot, as afterwards only a little Imimro quu 
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-sritli a little acetic aeicl, and then with nsuttal acetate cf lead ; the filtrate, freed from 
lead by snlphydno acid, is evaporated , and the quercitrm which erystaUises is •piinfled 
by repeated oryataUisation from alcohol (Zwenger and Dronke, Ann. Oh. Phaim. 
Suppl. 1. 266). — Stein (J. pr Chem. botxv. 361) apprehends, in this process, a 
decomposition of the quercitrm by the free acetic acid. 

f'roferties — Hydrated quercitrin forms microscopic, partly rectangular, partly 
rhombic tablets having their obtuse lateral edges truncated , pale-yellow when pulverised 
It IS neuti’al, modorous, tasteless in the soUd state, hitter in solution, permanent in 

Air-dried quercitrin heated to 100“ ^ves off, on the average, 6 74 per cent, water, 
and when heated to 166° for some time, a fiirthor quantity, amounting altogether to 
ll'Sl per cent of the air-dried substance After dehydration, the qnorcitrm melts at 
160° to a dark-yeUow resin, which solidifies to an amorphous mass on cooling. 
(Zwenger and Dronke ) 

Hlasiwetz and Pfanndler (Jahresh. 1864, p. 664) give for anhydrous qnereitnn 
the formula and state that it forms three hydrates — 

C’''H™0'’.2H’0, and C“H“0” SffO. Several other formuIiB have been proposed for 
quercitrin, Hlaaiwata at different times assigned to it the formul® and 

C“H“0™, while Zwenger and Dronke regard it as C‘"H"‘0"’. It is by no means 
eertam that the so-called qnercitrins oxammodhy these several chemists are idenfacal 
with one another (p. 4). [For analyses and ealeulations, see Gmehn’s Handbooh, 
XVI. 497.] 

Quercitrm is slightly soluhlo in cold, somewhat more soluble in boiling watcf ; 
much more soluble m alcohol, slightly in ether. It dissolves also m warm acetto acid, 
in dilute aqueous ammonia, and m caustic soda ; the ammoniacal solution gradually 
deepens m colour on exposure to the lur. 

Quercitrin is almost wholly precipitated from its solution by neutral or basio acetate 
of had, the precipitate being readily soluble m acetic acid Aqueous or alcoholic 
quercitrm is coloureddark-greenhy/eirmsWondc, even when diluted to 4,000 or 6,000 
times its bulk (Eigaud). It is not coloured at first by ferrous chlonde, hut tho solu- 
tion turns greenish on exposure to the' air (Zwenger and Dronke ) 

Decompositions — 1. Quercitrm yields, by dry distillation, empyroumatio products, 
together with yellow oryatals of quercetin, and leaves a light fiffioultly combustible - 
charcoal — 2 Solutions of quercitrin acquire a brown-red colour by exposure to the 
air (Bo Hoy) Oonoentrated mtno acid produces a violent ovolution of nitric oxide 
and carbonic anhydride, and forms a clear red-hrown solution contaming oxalic acid 
(Rigaud) Besides a largo quantity of oxalic acid, there is produced a trace ofpiorioaoid 
(Zwenger andDronko), none accordmgtoStonhou8e(Arm Ch Phivrm. xoviii. 179). 
Dilute nitric acid, when warmed with quercitrm, produces at first the same splitting- 
up as other acids, afterwards more complete decomposition (Eigaud) — 4. Quercitrin, 
heated with oxide of manejanese uni 8ukhuricacid(Bolloy), with chromate of potassium 
and sulphuric acid (Eigaud), yields formic acid. — 6. The dark-brown precipitate pro- 
duced by nitrate of salver m solutions of quercitrm is quickly reduced, to the metallic 
state (Bolley). Quercitrm reduces nitrate of silver and trujUonde of gold quickly 
ill tho cold, cuprate of potassium only after continued boihng or long standing 
(Zwouger and Dronke) — 6 Oil of wtnol forms with it a solution which soon 
becomes dark and black (Eigaud). — 7 Qnereitrm is decomposed, by hoilmg with 
dilute mineral acids, into quercetin, which separates, and a saccharine substance, 
also according to Eigaud by boihng with alum, hut not by prolonged heating with 
aceho acid. The decomposition is not effected by emnlBm'(Zw6nger and Dronke). 
According to Hlasiwetz and Pfeimdier, the sngor produced is isodulcite, C“H'^0®, 


CssHsoQ” + WO = C“H'»0‘* + C«H>'08. 

Quercitrin ' Quercetin. laodulcito. 

100 pts of anhydrous quesreetin were found to yield 26'6 pts. isodulcite ; oalonlation 
requires 26 4 pts. Hlasiwetz formerly found 27 87 per cent, sugar, which he regarded 
as isomeric with glucose, representmg its formation by tlie equation. 


C^H^O” =» + C“H'®0“ -I- H*0, 

Quercitrin. Quercetin Sugar. 

which requires 27’4 per cent. Eigaud, on the other hand, found that 100 pts. of 
quercitrm yielded on the average 44 36 pts. sugar and 61 44 qnercetm, and Stem 
ohtamed 62-9 pts. quercetin. These numbers agree approximately with the equation 
gfven by Zwenger and Dronke : 


CniH'®0>” + 

Quercitrin. 


= + C“H'’0», 

Quercetin. Sug.ir. 


2H>0 
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which, requires 60-60 per cent quercetin nnd 41-67 sugar. The gi-eiit (lirorganecs in 
these results seem to indicate that subatoucea dififoriug from one another in constitu- 
tion have been confounded together under the name of qnercitnn. 

(^VSKClTBOni. A yellow dye-atuff eonaistmg of the ahnvinga and powder of 
the bark and alburnum of Quereus tincim'ta, Q nigra, or Q aitrina, a kind of oak 
indigenous in North America, especially in Carolma, Georgia, and Pennsylvania. - It 
IS used in America for tanning, in Europe for dyeing only. For the latter purpose, 
the aqueous deooetion (which eontains quoroitrin) mordanted with alum or stniimo 
chloride is employed. According to loesching (Bop. of Patent Inventions, .Tan 
1866, p 66), a product of greater eoloimng power may ho obtained by boiling the biu-k 
With ilnte sulpburic acid or hydrochloric acid. This result is probably duo to tbo 
conversion of the quercitrin into quercetin, which, according to Eigaud, produces 
much purer and brighter colours on tissues than quercitrin. 

<11TI1BC0S. Oak. — ^Thewoodof Qmroussi:asikJlora*)iB.a a specific gravity of 0 06, 
and in the air-dwod state contaans 48 8 per cent, carbon, 6 1 hydrogen, and 46 I oxygen 
(Schadler nnd Petersen, Ann Chem. Pharm. xva. 139). Vogel (N Jahrosb 
Phai-m vii. 367) found 49-6 C to 6-3 H, 43 7 0, and 1-6 ash ; in the mould of oak-wood 
62-6 0 to 6-0 H, iO 6 0, and 1 9 ash Sprongel (J. Tcchn, Cliem, xm. 383) found in 
tho air-dried wood only 0 20 per cent ash. 

The loaves of the oak contain, accorduigto Sprongel, 48pts water and 62pts. dry 
substance, 26 pts. of which are soluble in water, and 67 pts. in dilute potash-ley. Aa- 
cording to Bon8Singault(Ann. Ch. Phys. [2] Ixvii. 408), 100 pts. of tho dried loaves 
contain 2-1 per cent nitrogen, and according to Sprongel, 100 pts. of tlio air-dried 
leaves yield 5 06 per cent. ash. 

Oak-hark contains, besides quercitaniiio acid (p. 6), a small quantity of gallio 
acid, red tannin-deposit (oak-rod), wax, pectin, and other vegetable constituents , it also 
yields 2 per cent, ash, consisting of lime, magnesia, oxides of iron and inaiigiiiicse, 
phosphoric, silicic, and carbonic acid. Tho iiro]iortion of soluble constituents in geiicriil 
aud of tannin in particular, is loss in old than in young bark, loss also in tlio outer tlmii 
in tho inner hark. Davy (Golil. N. Chem. J. iv. 343) found m 100 pts, of oak-burk, 
Estractlvo Taniiln, 


Inner white bark of old oaks . . . . 22 6 16 0 

Inner white hai-k of young oaks . . . . 23 6 10 0 

Entire hark m spring 12-7 0 0 

Entire hark in autumn . . . , . — 4 4 

Bark of oak underwood — 6 0 

Middle coloured hark 9-0 4-0 


Eehling CWiutonih Gcworbcbl. 1866, p 77)found in old oak-baric about Opor ociii , 
in bark of bettor quality from 13 to 16 per cent , and in the host inner bark 10 lo 21 
percent, tannin Muller (Arch Pharm. ixxviii. 260) obtained fi-oni tho bark of slimis 
two or three years old, about 11 per cent , and from th.it of older stems 6 pur cuit 

Tho harks of Quereus sessUzJloi a, Q pedtinctdaia, and Q. Hex ni-o oxtonsively used 
in tannin Oak-hark has also been used for the preparation of inks, ancl in niedioiiiu 
for its styptic imd astringent qualities. 

Acorns, Qlandua jaci-cas, the fruit of the oak, have been examined by soim-.il 
chemists. The shell or cup constitutes about one-fourth of tlio entire fruit. Eiliellcd 
acorns contain, according to Brando, 20-3 per cent starch, 2 0 taumu, 61 7 oxtuu-livo 
matter and water, 7 1 wood-fibre, and 18 0 per cent, gluten. Thu rosiiUs of uiialyses 
by other chemists ore as follows 

Compoaitvm of ahdhd acoma. 
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Tannic acid 

Fixed oil 
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Braoonnot also found oitnc acid and quercite in acorns. Accorduig to v. 3111111, 
they also contain a small quantity of volatilB oil. 

An infusion of roasted acorns (acom coffee) is Bometimes recommended os a tonic arid 
astringent. The roasting conrerts part of the starch mto deictrm, and forms bitter 
mattar and empyreumatio oil. 

lihe ash of acorns has been anidyaed • — a By Qrah am, Stenho use, and Campbell 
(Chem.Soc Q. J.ix.33),4 by Kleinschmidt(Ann Ch. Pharm.l. 117), with the fol- 
lowing results • — 

K’O NaSO. CaO. MgO FelO». PW. SIO«. S03. Cl. CO^. 

4.' 64 0 0'6 69 5-6 170 1-0 2-7 06 — S|004 

The cups of the acorns of Quei-cus Jlfftlops are imported ftom Smyrna, Cyprus, and 
other places in the Levant as Valonua , they are very rich in tannin, and ars therefore 
used m place of gall-nuts, they likewise contain gnUie acid. The tannin contained in 
them differs, however, from gallo-tannic acid, in not yielding pyrogallic acid by dry 
distillation (S ten house.) 

The cups of various kinds of oak, when distorted by the punctures of the gall-wasp, 
form the so-called oak-apples. These .are also used in tanning, but they contain 
only a small proportion of tannic amd. The true gall-nuts or nut-galls are ex- 
eresencea produced on the leaves and leafstalks of the dyer's oak (Quereus irtfectojia), 
by the punctures of the eame insect (u 762). 

QlTXCKSII<viin. Syn. with MsmoimT. 

QTTXl^l^AVA. The bark of QuMaya sayomria, a tree growing in Mexico, yields a 
soapy infusion, which is used for washing. It contains a considerable quantity of 
baponiii ; also deposits of crystalline oxalate and tartrate of calcium, formerly mistAen 
for sulphate. (Eluokiger, Jahresb 1862, p. 624; 1863, p, 610.) 

QtrxiiIiA'S'XH'. A name applied to saponin from quiUaya-bark, before its identity 
with saponin from other sources was recognised. 

QUXSTAITXXiIDE, or Pheityl-quinamtde. = N.a’H"0"C»H:* H 

(0 H e s s e, Ann. Ch. Pharm ex 3361 — This compound is produced by heatingquinio 
acid with excess of aniline to 180°, freeing the product from unaltered aniline by 
means of ether, and dissolving tlie residue m ether-alcohol. The solution on cooling 
deposits quinamlide in small whit® silky needles, contaimng 1 at. water, wluch they 
give off at 90°. It melts at 174° (corrected), and decomposes without subliming 
when heated above 240°. It dissolves easily in water and in alcohol, sparingly in 

<^TriiarcE, Gydoniamilgans — Tho juice ofqninces contains mahc acid Lancaster 
(Am J. Pharm xxxi. 198) obtained 1‘6 grm. crystaUised malata of lead from the 
acid contained in 463 grms of the fruit The seeds contain a large quantity of mucilage 
(li 963). 

QtrisroiTE. A hydrated silicate of magnesium, occurring near the vdlago of 
Qumcey m France, in light carmine-red particles dissemmated through a limestone 
deposit Contains, acconjing to Berthier, 64 per cent silica, 19 magnesia, 8 terrous 
oxide, and 17 water ( ■= 98). Strong concentrated acids dissolve out Me magnesia and 
iron, leaving gelatmous silica (Dana, u. 281.) 

QitriETETinr. The name given by Marchand (J. Pharm. xiv, 247) to a product 
which he obtained by oxidising qnimne with peroxide of lead and sulphurio acid. It 
was not, however, a doflnito compound, as it was separablo by water into a red bitter 
substance, soluble therein, and another substance msolnblo in water but crystaUisable 
from alcohol. 

QUIKTHTEKOKTE. Green Hydroqnmone (iii. 213). 

(JfrXIflO ACID. C^H'^O”. Kzmo acid. Chinaaaure Amde qmnique. (Hof- 
mann, Crell. Ann li. 314 — ^Vauqnelin, Ann. Chim. lix 162. — ^Pelletier and 
Caventou, Ann. Ch Phys. [2] xv 340. — ^Liebig, Pogg Ann xxi. 1; xxix 70. — 
Banp, Arm. Ch Phys. [2] li 6. — ^Woskresensky, Oh. Pharm xxiv 257 — 
Hesse, Ann Ch Pharm cx 194,333, cxu. 62; cxiv 292, Vhteremhungm itber die 
Chinongruype, Gottingen, 1880 — Clemm, Ann. Ch Pharm cx 346. — Zwangar 
and Siebert, ibid cxv 108, Suppl. l 77. — ^Zwenger and Himmelmann, ilnd. 
cxxix 203 Gm, xvi. 222) 

This acid was first isolated in 1786 by Hofmann, an apothecary of Leer, from tlie 
calcium-salt of cinchona-barks, already known by the researches of Hermbstadt, 
Deschamp, and others , afterwards, in 1806, by Yauquehn. 

Occurrence — ^In the true cinehona-biirks, in the bilberiy plant ( Vacemmm Myrtillm), 
and in coffco-beans, also m the leaves of the coffee-plant, and of the common 
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holly (Mac Agu^olmri), of Mex •pai aguayensis, privet (Jjigustntm mtlgnre), ivy (Ileihra 
Helve), the common oak (Qwmes ifo'iMJ-), the evergreen oak (C^. //e.r), llio coimiion 
elm ( Ulmus campcstris), the ash (ITcaxinus acedswr), and Cyclopia latijnlia, lUiiflnuiL'li 
aa Stenhousa (Phil Mag, [4] vu 21) found that aU these loaves, as well ns eoit'ee- 
heans, whon dmtdled with sulphxiric acid and manganic peroxide, yield qmnoiio, winch 
is a product of the decomposition of qninic acid. The erienceous plants, Call/nia 
vidgana, Fyrula mnbeUata, Ehododendron-ferriigaiam, and Arhutui^ Uva Um, yield by 
dry distillation hydroqninone,* also derived from quirac acid, or, in the case of tho 
arbutus, probably from arbutin. 

Preparaiion of He cedemm-aedt. — a Wi'oni Cinchona-hailt • 1 The liquid obtained 
by precipitating the sulphuric acid extract with milk of lime in the pvepiiviition of 
quinine (p. 16), is evaporated to a syrup, decanted from siilpliatc of enlcinm, and 
evaporated over the water-bath to a soft extract, this is boiled two or three times 
with alcohol , and tbo residue is dihsolved in a small qinintity of will er. The solution, 
after standing for somo days, solidifies to a crystallmo mass, wliieli t.s strongly pressed 
and purified by rcoryslallis.itioii Tho mother-liquor yields a fiiitlier quiuitity of tlio 
Bidt (Honr^ and Plisson) — 2. A decoction of cmcUoim-bivvk, in water coiU.iming 
BiUphuric acid, is filtered whilst hot, and to tho flltrutc freshly in'ccqu tided oxide of 
lead is gvadnally added, nntil the liquid becomes neutral, and cxlnliits no longrv ii i ed Init 
a pido-yellow colour. (If too little oxide bo added, colonnng-matter rraiiuiih in wilii- 
tion, if too mneli, basic quinate of lend is thrown down). Tliu illtrate is fri'eil from 
lead by sulphj disc acid and filtered , milk of lime is tlioii added, to precipi tale the 
quinine and cinchonine, and the filtered liqiud is ovaporalod to n syrup, wliieli yields, 
on cooling, a cn'stalhne mass of calcic quinate (Henry and Plisson). — Tlie deposit 
frequently found in extract of cinchona is imiiuro qiuimlo of cideium, it may liu 
obtained in crystals by precipitating an aqueous sohitioii willi neutral aei Into of li'iul, 
removiiig the excess of lead by sulphydrio .leid, and ov.ipoiating. (Ooiucke, Pliaim 
Gentr 1838, p 158) 

(3. From the Bilbem/ p/nni.— The fresh plant, collected in May, is boiled in 
water with addition of lime , the dccootion is evaporated, and tlie quinate of caleiiim 
thrown down by alcohol. The glutinous precipitate, dissolved in water cmit.niniig 
Roetio acid, is freed from colouring-matter by addition of neutral iioetiito of lend, tliim 
filtered; and the filtrate (freed from lo.id) is evaporated to a syrup, from wliicli the 
quinate of calcium crystallises after some days. (Zwengcr.) 

y. From Coffee-heans . — ^The thoroughly-dried (or roasted) and coarsely-powdered 
beans are boiled repeatedly m water ; tho decoction, aftor being mixisl with milk of 
lime, is concentrated, first over an open flro, and later, iiftiu' lUti.ilioii, on a viiler-b.it li, 
to a syrup, twice its volume of alcohol is then added, and the preeipif.ite tlieivby 
formed is separated, after 24 hours, from the solution, whirii enntams cidl'eiiie. 'i’lie 
precipitate is washed with alcohol, pressed, and dissolved in hot water, Tim fill ered 
solution is slightly acidified with acetieaeid, and preoipltiited with ueutrid imetate of lead, 
whereby tanniite of lead and other substances are thrown down , and after sejniratang 
these by filtration, the qninic acid is precipitated by basic acotuto of lend TTie 
lead-salt thus obtained, after being washed and decomposed uinler water with siil- 
phydne acid, yields aqueous qiiimc acid, which is converted into the calcmm-salt by 
neutralisation with carbonate of calcium. (Zwongor and Siebort ) 

The quinate of calcium is purified by repeated erystallisiUjon, or by prooipit.itiiig it 
with alcohol of sp gr 0-849, and dissolving m alcohol of sp. gr O'OIS, 

Separahon of the aetd from the ealoum-aalt — 1. A solution of the enleiiim-salt in 
water is decomposed by an exactly equivalent quantity ot oxalic acid, filtiri'd from thn 
oxalate of calcium, and evaporated to crystaUisation CVanqiielin), IJesSe eiiiplnvs 
a slight excess of oxalic aci^ ■which ho removes from the filtiiito by mnans nf neiili'.il 
acetate of lo.id, the excess of lead is then removed by sulphydrio iii'iil — 2 .\ii 
aqueous solution of tho salt IS precipitated by basic acotuto of lo.id, tlio unshod pro- 
cipitate, suspended in water, is then decomposed by siilphydriu acid , and the .soliiliun 
is filtered and evaporated (Berzelius). — 3 The calcmm-.salt is decomposed by.iu 
aqueous or alcoholic solution of sulphuric acid. 

Properties— Q,mraa acid crystaUisos in monoclinie prisms, coP . oP, with iiPco mid 
[«Pod] subordinate; sometimes oP predominates so far ns bj give tUo vvyhliils a 
tabular form. Angle ®P . mP = 146" 48'; ®P oP = 125'' 45'. Sjiociflo graiity 
= 1 637 at 8 6°. The acid does not lose woightat 100°, but iiieltB, with loss of water, 
at 161 6° corrected (Hesse, Zwengor and Siebert) , at 155° (Woskresensky)] 
and solidifies on cooling to a hard amorphous mass. It exerts a left-liiuided action 
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on polarised light, the molecular rotatory power heiug greater in a solution prepared 
•with cold than in one prepared -with hot water, least of all in a solution of the fused 
acid. (Hesse.) 

Ciiiitiie acid dissolves slowly in 2i pts of cold water, and in a much smaller quantity 
of boding water The solution, u quite pure, may he evaporated without turning 
3*eUow The acid is very shghtly soluble in akohal of 94 per cent , but dissolve* 
easily in alcohol of orchnary btrength , it is nearly insoluble lu cold ether. 

Decompositions. — 1. Quinio acid heated to 200° — 226° gives off water, and is con- 
verted into quiuido, C'H’“0" = G’n'^O” — H’O Other products are, however, 
formed at the same tune, for the calculated loss of water, according to the pieccdiiig 
equation, is 9'96 per cent , whereas, according to Hesse, 10 per cent are given off at 
165°, and more than 13 per cant at 220° Qmnic acid which has been heated above 
200° contains small quantities of carbohydroqumonic acid (in. 214), recognisable by 
its reaction -with feme eWoride (Hesse). — 2. The acid, when quickly heated in 
contact with the air, binma -with a yellow flame, emitting an odour like that of burnt 

3. Qumie acid subjected to dry distiUatiou in aretort, melts, boils, and at about 280° 
turns brown, giving off water and a gas which bums -with a pale-blue flame. At a 
higher temperature, it yields a suhlimato of yeHowish prisms, wluch molt and condense 
to an oily distillate containing hydroqiunono (in 218), benzoic acid, phenol, benzene, 
and pyrocateohin.* The formation of hy droquinono is represented by the equa-acid- 

C’H«0» = C«H“0« + CO + 3H®0. 

4. Quuiio acid dissolves m strong sutphurio wsti at a moderate heat, -with evolution 
of carbonic oxide and formation of disulpho-hydroquinonio acid (in. 217): 

+ 2S0» = 0'H»S^0» -t CO -r 3H’0. 

Sulphuric anhydride and ftuning snlphunc acid also produce disulpho-hydroquinonie 
acid, but carbonise a large quantity of the qmnio acid (Hesse ). — 6 A solution of 
quinio aoid in aqueous phosphono acid gives off a large quantity of gas when oou- 
oontrated, and forms phospno-hydroquinonio acid (m. 217)- 

C'H‘»0« -I- H»PO^ = C’HTO* + CO + 4H'0 (Hesse). 

6 Nitric acid converts qnimc acid into oxalic acid, another acid which has not 
been examined being also formed at the beginmng of the action — 7 The aqueous aoid 
treated mth. ijoroxide of lead gives offcorhomo anhydride and yields hydroquinono 
(Hesse): 

0'H'’0« -f PhO’ = C“H"0“ + CO» + 3H»0 + PbO 

8 Quinio aoid or its salts distiUed with eulphuno acid and peroxide of manganese, 
yields a yellow orystalline subhmate of qninone 

0’H'’0« -t = C»H<0» + CQ' + 4H'0. 

This reaction is very dehcato, and will indicate the presence of qulnie aoid in a few 
grammes of cinchona-hark. Por this purpose the bark is boiled -with milk of lune, 
and the alkaline filtrate concentrated by evaporation is treated in a small cap- 
sule with sulphuric aoid and oxide of manganese . the presence of qiumc aoid is then 
immediately uidicatcd hy the pungent odour of qninone (p. 27), (Stenhouse, Ann. 

Ch Pharm liv 100) 9 The acid distiUed -with peroxide of manganese, sulphuric 

acid, and common salt, yields a distillate containing mono-, di-, tri- and tetra- 
ohloi'oqumone together •with pentachloracetone. The some products, to- 
gether with lower chlorinated acetones, are obtained hy boiling quinic acid with 
hydroohlono acid and chlorate of potassium (Stadeler, Ann Gh. Phann. hnx. 800; 
exi. 203) , also carbohydroqumonic add (Hesse ) 

10. Hmnms dropped into aqueous qumie acid converts it into onrbohydroqui- 

11. Qumic acid heated for several hours to 116° — 120° with saturated aqueous 
hgdnodio aoid, is converted into benzoic acid. The same product is formed when a 
syrupy solution of qumie acid is distilled -with 4 at dmiodide of phospliorus When 
qumic acid is lieatod to 140° mth hydnodio acid and phosphorus (the addition of 
which prevents the action of &ee iodine), an acid is produced containing 6 at hydrogen 
more than heuzoie .ueid. The reduction appears, therefore, to take place as followB — 

O’H'W -1 SHI = + 4ffO + iV; 

Quinio 

and C'H‘=0» + 41* = C’HW + 6HI +11. 
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Q,uinio acid in the form of calcinm-salt is converted in tho animal organism into In' p - 
puric acid. (Liiutemann, Ann. Ch. Pliorm cxxv. 9.) 

12 Oninie acidheatedvTith ondtnc iBConvertedinto quinanilide. (Hobbo, p 9) 

Qnlnates. Qninie acid decomposes carbonates. It is monobasic, the gcncrdl for- 
mula of its sails being No acid or double qmnatcs ai’e known, but busip 

quinates of barinm, lead, iron, and copper have been obtained The quinates arc for 
the most part crystallisable, and have a neutral reaction ; -with the exception of the 
basic lead-salt they are soluble in water, but insoluble in alcohol stronger than 39° Bin , 
and are separated from their solution by strong alcohol in the form of glntmous preci- 
pitates Mostof them retain their water of orystoUisation at 100°. By dry distillation 
they yield formic acid and a sublimate of (iiiinone ("Woskresensky) Quinie .icid 
acts like tartano acid in preventing the precipitation of metallic oxides by alkalis. 
(Hesse.) 

Qxanate of Ammoniums deliquescent, and gives off part of its ammonia on 
evaporation. — The potasazum- salt w bitter and deliqiiesoont — Tho sodnim-sali, 
C’H"Nn0‘'.6H'‘0, crvatallises in six-sided prisms containing 14 £ per cent water of 
crystallisation. It dissolves in half its weight of water at 16°. 

Qninate of Jiarium, 6H*0, obtained by satiir.iting tlie acid with 

carbonate of barinm, crystallises in dodecahedrons formed by tho junction of two .leiitc 
six-sided pyramids. It contains 17*4 per cent, water of crystallisation, is very soluble 
in water, slightly soluble in aleoli oof 93 per cent. 

The oalozum-salt, C'*H“Ca''O'®.10lHO, occurs, as already observed, in ciiieliona- 
bark, and is precipitated by ebloiide of calcium from alkaline qiiiimtes, aftci' adding 
alcohol and ammonia, and loaving the mixture to stand It eryst.iUise.s in 
rhombo'idal plates of about 78° and 112°, often becoming hexagonal by tiiiiicatinii of 
the two acute angles, and easily splitting into shining lamina' It dissolves in 0 pts 
of water at 16°, its solubility varying greatly according to thn temperatme, maily 
insoluble in alcohol Contains, uccordiiig to Baup, 29 6 per eont, water of ci^i st.illm.i- 
tion, which it loses at 100° (calc 30 3 per cent.) , it suffers no furtlicr loss of weiglit at 
120 °. 

Tho strontizim-salt, C"lI“.Sr"O'M0H’O, crystallisfls in Inhles appnrcnlly iBnmcir- 
pbous with tho calcium-salt, hut disliiiguislicd by tlioir rapid eflloroacciicc, and the 
nacreous aspect which they iissniuo on exposure to tho air It dissolves in 2 pts of 
water at 12°, and in a miicli smaller quantity of boiling water Cnalaias 27 9, 'i per 
cent, water of crystallisation, of which it loses throo-tonths by eilloresueiieo 

Themagnestum-sali is very soluble, and forms crystalline cflloresecnces likecanli- 
flower-heads. — The yttrium-salt diies up to a gummy m.iss. 

Quinate of Cadmtum, C‘'H*'Cd"0''‘, forms dirty-while laminre and small wliito 
crystalline needles, permanent at 180°, soluble m about 263 pts. of cold wafer — The 
cobalt-salt, C‘'‘H®Co"0“ dH'-'O, separates from tho dark -red solution, , liter it Inis 
been left for sevord days to dry up to a syrup and then diluted with water, in small 
red nodules, which quickly efBorcsco and assume a lighter colour After diq iiig over 
oil of vitriol, or in the oir, it gives off 6 at. water at 160°, and hucomes reJdish-hluo. 
Does not melt when burnt. 

Quinates of Copper — a Tho normal sail, C'*H“Cu''0'’, is obtained by 
mixing aqueous quinio acid in osoess with hydrate or carbonate of cupper, anil 
cooling the resulting solution, or leaving it to evaporate, any portion of gri'eii basic 
salt that may he precipitated at tho same time being removed, and the hoiiIimI salt 
crystallised from water containing quime acid It forms pale-hliie l.imiiue er needles, 
which contain 6 at. water of crystalhsation, and give off two-l, birds ef it in ceiil.iet 
with the air dissolves in about 3 pts. of cold water, tho solution decompesing on st.iml- 
mg, and more quickly when heated, with separation of a basic salt — fi A /kisii sa/f, 
C"H"0u"0‘* Cu"H»0- 2H-0.orC'H'“Cu’'0".2ffO, isobUiincd.— 1 By derompuHing the 
biirmm-salt with somewhat less than the equivalent quantity of ciipiic Milphiite, and 
adding a few drops of baryta-water to the clear filtrate, winch then, on slandiiig ur 
• ’ ■ ’ ■ — 2 By hoihngiiqueons qiunio acid with exi'esHuf 

. ■ the filtrate with other-alcohol In this naido of 

, . ■ o separate the sparingly aebiUc salt from till' exco'.s 

of cupric hydrate — 3. The salt is hkewisa formed lu small quantity, witli evulnhon of 
acetic acid, on evaporating a solution of calcic qiiiniito with ciipuo acetate. Over ud 
of vitriol It gives off only its adhering water (Kremers), amounting to bi'fweea 1 and 
2-6 per cent. Between 100° and 120°, it gives off all its water of crjstallis.itioa 
(Liebig), and decomposes at a temperature above 140° Dissolves in 1160 lu 1200 
pts water at 18°. 

The ferric salt is a yellowish-rcd gummy muss, easily soluble in wiilor 
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Lead-salts. — a The normal salt, C”H®Pti''01* 2H’0, forms needle-elimed crys- 
tals soluble in alcoliol and extremely soluble in water — i8. A ham salt, C”H'*Pb'0'’ 
or G’H'Pb'^O*, 13 deposited as a white bulky precipitate on mixing an alkaline quinate 
with basic acetate of lead, or on adding a little ammonia to the boUmg solution of tile 
normal salt. It is insoluble in boiling water, soluble in basic acotate of lead, and 
i^iiickly attracts carbonic acid from the air. 

Ih&nianganeae-salt erystaUises in rose-coloured laminae. — ^The merourio salt 
IS colourless, unerystullisable, and yields on desiccation a yellowiah-rod residue, 
sparingly soluble in water — The nickel-salt is a green, gummy, very soluble mass. 

Silver-salt, G’H‘‘AgO*. — On adding nitrate of silver to an ajkalme qumate, the 
mixUu'e blackens, and quickly deposits metaHie silver. The silver-salt may, however, 
be obtained by saturating a weak solntion of the aeid with recently precipitated car- 
bonate of Sliver The solution evaporated in a vacuum yields mammellated groups of 
crystals, which are perfectly white, but easily blacken when exposed to light. 

Tlie sino-salt, C'*H“Zn''0'’ resembles the cadminm-salt in appearance, but is very 
soluble in water 

quiHlC EXKES. Mliylut Qianate, =• C’H."(C’ff)0*, obtained by 

lieiiling qumate of silver with ethybo iodide, is a yellow syrup, viscid at mean teinpe- 
ratui'cs, mobile at fiO°, having a bitter taste and aromatic odour, easily soluble m 
water and in alcohol, less soluble in ether It appears to distil, paitly without decom- 
position, between 240° and 250°, in a stream of carbonic anhydride, but a large portion 
of it IS decomposed mth intumescence nt a temperature a little above 100° Heated 
ou platinuni-foil, it first volatilises in white smoke, and ultimately burns away with 
a bright flame. (Hesse, Ann Oh Pharm. cx 335.) 

QUlEICinrS. b“H«hPO“ (Pasteur, Compt. rend xxxvii 111 and 166)— 
An alkaloid isomenewith quinine and qninidine, and produced by the molecular trans- 
formatioq of either of those bases. It is prepared similarly to oiuchomciue (i. 971), by 
lioating sulphate of quinine with a small quantity of water and siUphurio acid The 
salt remains fused even alter all the water has been expeUedj and by three or four 
hours' heating in the oil-bath to 120° — 130°, the whole mass is transformed into 
sulphate of quimcme, mixed with an extremely email quantity of colonving-matter. 

Qumioine is insoluble m water, but very soluble in absolute alcohol and in spirit of 
ordinary strength. It is very bitter, possesses febrifugal properties, and is precipitated 
from its solutions by alkalis as a fluid resin It turns the plane of polarisation to the 
right It unites easily with caihonic acid, and expels ammonia from its compounds 
at ordinaiy temperatures. A solution of qiimieine in aqueous raeemio acid deposits at 
first ohiefly the dextrotartrate, whilst the itevotiu'trate remains in the mother-hquor. 
Quinioine is coloured green by chlorine-water and ammonia, though leas strongly than 
qmnine (Herapath) 

qviETIDE or Qmmo Anhydrde, C’H"’0’ = D’H^O* — H’O.— Prepared by heat- 
ing qvunio aoid to 220° — 260°, dissolving the residue in boilmg alcohol, and leaving 
the olanfled solution to evaporate 'When reerystalliaed from water, it forms small 
crystals resembhng sal-ammoniac It has an aoid reaction, dissolves easily in water, 
sparingly in dilute alcohol, and in presence of certain bases is reconverted into quinio 
aoid (Hesse, Anil. Ch. Pharm. ci. 836 ) 

QtrifKTIDIIl'E- C^H^N'O*. — This base, isomene with quinine, exists in certain 
cinchona-barks together with quinine and cinchonine It wasflrst observed in 1833, by 
Henry and Delondre (J Pharm xix 633), in the quinoidine of commerce, in which 
it exists, together with smaller quantities of quinine, eindhonine, and resin. Y an 
Hoijniugen, however (Ann, Ch Pharm. Ixxii, 302), first sepiarated it from this 
mixtm-e in the pure state, and showed that it is isomeric with quinine. Its action on 
polarised hght has been studied by Pasteur (Compt rend, xxxvi. 26). Several of 
Its double sails have been prepared and examined by Stenhouse (Proo. Eoy. Soe. 
xn, 491). 

Oeourrence . — In cinchona-barks, especially in somo of the yellow barks (Henry and 
Delondre). According to Howard (Pharm. J Trans v 368), it occurs in certain 
varieties of Cinchona condannnea, more especially var. •jgitayeam , aceordmg to 
Henkel (N. Eepert Pharm. xin 200), in Omchona mtida, together with cmchDinne 
and a little qiunme. The root-bark of G. Caluaya contains qiiinidine and a small 
quantity of quinine. The red bark of C. officinalis, C murantm, and 0. aucarubra, 
grown in the East Indies, and taken at the age of eighteen mouths or less, was found 
to contain 6 per cent of alkaloids, of which about 4 per cent consisted of quimdine, 
cinohonidine, and quinine, and 0-9 per cent of cmehonicine with traces of cinchonine 
(_Hownrd) According to Pasteur, the quinidine of commerce is for theunost part 
a mixture of true quinidine with a second base. 
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P>-eparc4ion . — Cominereial quiiioidino is dissolved in the smallest possible quaiility 
of ether; the filtrate is freed fi-om ether by distillation , the residue is dissolved in 
dilute sulphnrio acid ; the solution is decolorised by animal ehareo.il, and precipitated 
by ammonia; the ivashed precipitate is dissolved in ether , and the ethereal solution, 
mixed with one-tenth of its volume of alcohol of 90 per cent , is left to evapor.ite. It 
then deposits crystals of quiiudine, which are purified by washing with alcohol. Tho 
mother-liquors saturated with sulphuric acid yield, first ci-ystals of sulphate of 
quinidine, and afterwards of sulphate of quinine Quinoidino thus treated yields from 
60 to fiO per cent of quinidine. (van Heij ningen.) 

De Vrij (J. Pharm [3] xxxi. 183,369) dissolves commercial qninoidiiio in the 
smalleat possible quantity of alcohol, and nontr.iliscs tho solution with aqueous liy- 
driodic acid ; whereupon crystals of hydriodate of quinidine, amounting to 23 per cent, 
of tho quinoidine employed, soon make thoir appearance 

Z^operttea. — Qnimdino separates from its hot ethereal or alcoholic solution in large 
tnraspnront monoclinic prisms, winch effloresce and become opaque when exposed to 
tho an- They contain 2 at. = 10 8 per cent, water of erystalliMutioii, which they give 
off hotwoen 110° and 130°. The anhydrous huso molts at 100°, and bohdilies in a 
losinous mass on cooling 

Tho composition of anhydrous quinidine is ns follows : — 

Hoary and von Hollningei). 

Calculated. Uolondrc. menu Stonhomn 

G“ 240 74 07 74 44 74'08 744)4 

24 7 41 7 10 7'44 771 

28 8 64 8 08 8’6S 

0* 32 9-88 9 78 9 93 . 

CaiH^N’O* 324 lOO-OO 100 00 100 00 

Quinidine (? crystidUaed) dissolves in 1600 pts. of cold and 780 pts of boiling 
uiater , in 37 pts, of hot alcohol of ordinary strength , in 46 pts. of ahsoluto alcohol, .uid 
90 pts. of cold ether (van Hoijningeu). Its solution in absolute alcohol turns tln> 
plana of polarisation strongly to tho right; [a] = 25076° for tho transitum tint 
(Pasteui> This property distinguishes qumidino from quinine, which is Imvo- 
rotatory. 

According to Kern or (Zeitsohr Anal. Chom. i. 162), there are throe viirieticH of 
quimdmo — viz a. Slightly soluble in lukewarm ether, ciystallising from nlcihol iii 
largo slowly eflloreseent prisms, forming n sulphate which dissolves in ISO to 300 jils 
of cold water — Much more soluble m other; oryatallisos from alcoliul in smiill 
needles; sulphate soluble in 10 to 110 pts. water, tho solution yielding a pulverulent 
preeipitato with iodide of potassium, whereas tho sulphates of all otlior oiiiolioiia-hases, 
except qpnine, yield oleo-reainous precipitates with iodide of potassium — y SI ill mure 
soluble in ether, the sulphate bus tlie same solubility as that of tho a modilio.ition. 

Peoomposituyns — 1. Quinidine Jwiws on platinum-foil with an aroinatio odour like 
ttat of meldot, and partly volatilises. — 2. Qumidme-salts, when hcaUd, are ooiuerled 
into salts of qninicine (p. 13). Chlorine-water and ammonia colour quinidine green, 
even in solutions containing only 5in5,-ith of tho alkaloid (Pasteur; Ilerajj.itli) In 
concentrated sol ‘ ' '' ' " med, which is not tho case with quinine 

(Herapath), < . - of potassium, and ammonia, lulded in 

succession to salts of quinidine, produce a permanent bulky procipit.ite, whilst the 
same reagents produce, with salts ot quiiiiiic. only a red eolor.ition, wlucli quickly 
disappears (Schwarzor, N. Jahrb Pharm xxiii 348) — Quimdino forms with loitinc 
and sulphunc acid a compound corresponding to sulphate of indoqiiiiniie (p 2.)). 
— Qnmidine heated for half an hour with iodide of cthpl, forms hydriodate of etliyl- 
quinidiiio. (Stonhouse.) 

Salts of Quinidine. — Quuiidino forms mono- and di-aekl wilts, which rcsemhln the 
salts of quinine, hut are, for tho most part, moro easily eryst.illis.ihle Tlie hul|ih.iri'S, 
the mono-acid hydrochlorate, and the oxalato exert a powerful iictioii on poliutheil 
light (Herapath) Those salts .are in some cases more soluble than tho com sponcling 
salts of qiiimuo, so that oxalic, acetic, and tartaric acids do not precipitiitii sohilile 
qinnidme-salts. The hydrochlorate and nitrate are moro difficultly aoluhlo. Wilh 
excess of acid the salts are as highly fluorescent as those of qiimiiio. Tho preenutiite 
thrown down by ninmonm in their solutions dissolves fur less e.isily than quimiie, bul, 
more easily than einohonidinc, m excess of ammonia (Riogol ) 

Acetate of Qwimdine crystallises from its syrupy solution in fine transparmit 
crystals. 

Tho hydrohromate iirecipitiited by bromide of pot.issium from the siiliilmln or 
hydrochlorate is soluble in 200 jits. water iit 11°. 
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EtjdroMorates.—Tha motm-mid or nmtral aali, C’“H?fN'0’JEGl,is obtained by 
dissolving tbe base in hydrochloric acid, or by precipitating a cold saturated solution 
of the sflphate with chloride of sodium, in aystals containing 1 at water, which 
they give off at 120°. It dissolves easily m water and in alcohol (van Heijningen) 
Tlip acid salt, 2HC1, la produced by exposing quinidme to the action of 

liydrochlorio acid gas, 100 ptfi. of the base taking up 22-62 pts. of the acid (cale. 

= 21 91 pts ) Its aqueous solution yields large fine crystals (ran Heijningen ) 
CMoro-aumie, G“H“N''0*.2HC1 2AnCl“ — P-ale-yellow precipitate, melting and 
turning brown when boated to 115°, or boiled with water (Stenhouse ) 

Odoromaxnirate, 0'*'’H’*H*0'‘.2HC1 Hg"Cl’. — ^White precipitate, separating from a 
solution in boiling alcohol in pearly laminte It melts under hoihng water , dissolves 
slightly in cold, more easily in hot water, and especially in water containing hydro- 
ohloric acid, from which last solution it is occasionally deposited in the form of a resm. 
(Stenhonae.) 

Chloro-platinate, C™H“*H®0*.2HCl.Pt'’'01'‘ 2IPO. — Precipitated immediatelyfrom cold 
concentrated solutions, in crystals after a while from hot or dilute solutions ; decom- 
poses at 200°, with an odour of white-thom; dissolves with difficulty in water, either 
cold or boiling ; gives off 4 86 per cent, water at 100°. 

C'/iloi'ortKOttfas.— Slightty acid solutions of chloride of zinc throw down from 
alcoholic quinidine a granular powder, slightly soluble in cold and in boiling water, 
easily soluble in dilute hydrocMorio acid. The easily formed solution of the precipi- 
tate in alcohol of 60 per cent, yields crystals resembhng calc-spar, and containing 26'7 
per cent of ohlorme (C“H*‘N*0*.2HCl.Zn"CP =■ 26'66 per cent 01) , when recryatal- 
lisad, the compound gives up hydrochloric acid and chloride of zine, and is ultimately 
transformed into large hexagonal tables and pnsms. The latter contain 7 44 per cent, 
of zinc at 100°, and are, therefore, 2(C®H''‘']S-O^HCl).Zn''CP (cale. = 7‘58 per cent, 
zmo (Stenhouse.) 

Epit todates . — ^The mmo-acid or nmirtd aali is thrown down by iodide of potas- 
sium from sulphate or hydrohvomate of quinidine, as a white granular precipitate, 
which dissolves in 1260 pts water at 16°, and separates from a boiling saturated solu- 
tion in small, white, very hard crystals (De Vrij) The diaeid salt has a pale-yel- 
low colour, and dissolve.^ in 90 pts. water at 16°. (De Vrij.) 

Nitrate — Large, flat, shining crystals, (van Heijningen.) 

Arqenio-niti ate, AgHO* — An alcoholic solution of quinidine mixed with 

nitrate of silver solidifi.es to a mass of fine noedlcB, which may he recrystallised from 
boiling water containing mtrio acid. It then forms fine silky needles, having a silvery 
lustre when di-y. When recrystalhsed from alcohol, it decomposes with separation 
of silver (Stenhouse) 

Oleate, — Quinidino behaves like quimne (p. 21), with oleic acid and ohve oil. 
(Attfield.) 

Oxalates . — Py neutralising oxalic acid with quinidine, a neutral salt, 
2C“H’'N*0’,C*H®0'.H''*0, is obtained in small brittle crystals, nearly msoluble in cold 
but freely soluble in boiling water (Stenhouse). According to van Heijningen, on 
the other "hand, the salt thus obtained is smamd saff containing WO'* C‘H’0*.H®0. 

Ficrate —A solution of quinidine in boiling pione aeid deposits on cooling a resin, 
which does not crystallise by evaporation fiiom solution in alcohol. (Stenhouse.) 
The SMCoiiiOie forms pearly prisms. (Henry and Delondre.) 

Sulphates -~'I:h.e neutral eo/if, 2C'"H’WO'‘.H“SO^ 6H*0, is Very much hke the cor- 
responding quinine-salt, but more woolly It dissolves at 10° in S60 pts. water, and in 
32 pts. absolute alcohol. Gives off 12 6 per cent, water at 130° (calc, for 6 at. =. 12-84 
per cent ). 

The add sulphate is orystaUisable and very soluble in water, (van H eij ningen.) 
Sulphate of /odopMinnfiiM.— When a dilute solution of di-acid sulphate of quinidine 
is heated to 70° or 80° with one- third or half its volume of alcohol, and a httle tinctm-e 
of iodine is added, long fonr-sided prisms of a deep garnet-red colour oiystalbse out. 
The crystals are purple-red by reflected and dark brown-red by transmitted light, and 
polarise light like the corresponding qninine-salt (p. 26). They dissolve m 121 pts." 
of cold and 31 pts of boihng alcohol, from which they are precipitated by water m 
the form of a cinnamon-brown powder. They contain 32 76 per cent. 0, 4-44 N, 
3-98 H, 6 34 SO^, and 39 73 1, corresponding, according to Herapath, to the formula 
SO^.HO -t 6 aq. — Other and optically different erystals are obtained 
when tincture of iodine is dropped mto a strong solution of di-acid sulphate of quini- 
dine mixed with 30 or 40 volumes of alcohol at a temperature below 70°. (Horapath, 
Chem, Soc Qu J. xi. 139.) 

T annate of Quinidine . — ^Aqueous quinidine forms a white precipitate with 
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Tartrate of ^uimd%ne — ^Pearly ci’yatuls, obtiiiuod in the same way as the 
oxalnte (vttu Hoijningen). The doxtro- and Imvo-tai'ti'ates undergo the same 
tranafoimation ns the quimne-salts when heated. (Pasteur.) 

Tart) ate of Qmnidme and Fotasaiuni . — Quundmoaad cream of tartar yield crystals 
soluble in alcohol. (Henry and Delondre ) 

Tart7ate of Quhiidine and Mtimony, 0"“ff 'NWC’H*(Sb0)0" = C-"H«N^O= I q*. 

SbO j 

— 1. Mono-aeid tartrate of qninidine is boiled for some ho™ with freshly precipitated 
oxide of antimony, and the flltrateis left to evaporate — 2. Powdered qninidine is added to 
a cold satuiuted aqueous solution of tartar-omotio ; the liquid is heated to boiling ; and 
tile oxcBBs of qmuidine, together with the qirecipitatod oxide of Antimony, is sepiu.ited 
by filtration from tho solution of the double salt an ’ neutral tartrato of potassium. 
Long slender needles, whieh, after drying in a vacuum, lose ^ to 1 per cent, of water ivt 
100°. Dissolves shghtly in cold, easily in hot water, and o.tsily also in boiling alcohol, 
from winch it crystallises. (Stenhouso.) 

Etftylquinldlne, 0“H“N='0’' = C"lP“(C-n“)N-0=— Not known in tho free state. 
The hi/drwUate, C'-H^N^O^.HI, is obtained by heating quimdmu with excess of othylie 
iodide, and crystallises from boiling dilute alcohol in long silky iiocdlos, nearly insolu- 
ble in water On removing tho iodine by oxide of silver, and filtering, a bittor alkaliiui 
solution IS obtained) which absorbs carbonic acid hut yields no crystals On decomposing 
the hydriodato with chloride of silver, and treating tho filtrate with platime chloride, 
chloj'oplatmato of etkylminidina, C“H®lN''0-i.2HCl,Pt‘''Cl‘, is precipitated as a pale- 
yoUow powder, which dissolves very slightly in water oitlior lint or cold, mnro freely 
in hot dilute hydrochloric acid. (Sten house, Ann Cli Phaim cxxix, 20.) 

Sulplmie of lodethylqmmdine is olit.vmod in tho same manner as the corresponding 
quuiine-eompound. (Herapath, p 26) 

QUIWIKTE. Chinin Tho einahona ream of the older chomists 

The momou's cited under CmoHOMNB (i. 973) relate also to quinino; soo also Pasteur 
(Compt rend xxxvi. 26, xxxvii 110, 162; Jahresh. 1863, p. 119; Sohutzenhorger 
(Ann Ch Pharm. oviii. 347, 360, Jahrosb 1868, p. 369) — On quinine alone Ilnbi- 
quot (Ann. Ch. Phys. [2], xvii 316); Stratingh (Eopert. Plinrni. xv 139), 
Pelletier (J Pharm. xi. 219); Duflos (Borz. Jahrosb. xxvn 1, 110); Streoki'r 
(Ann. Ch Pharm. xci. 165 , Jahrosb 1864, p 600) 

Tins alkaloid, tho most important constituent of tho true cinchona-barks, on aceoiint 
of its tonic and antifebrile properties, was first obtained, but in an impure state, by 
Gomez of Lisbon, and by Pfaff in 1811 , Pelletier and Cavoiitou, m 1820, siirceeded 
in separating it from the other constitnenls of the bark, and examined many of its pro- 
perties , and its composition was established by Liebig in 1838 

The proportions of quinine and of the other alkaloids in various kinds of ciiicliona- 
baiks, as determined by different analysts, have already been given in the article 
CtKOKONA-BAUKS (i. 970) Tlio following table oxhibits tho average results of the 
several doterminations of the quantities of quiiimo and cinchonino . — 


1. Broivn or Grey harks. 

Euanoco 

0-4 

per cent, quinine, 1 7 per cent, cinchonine. 


0 36 

.. 0 34 „ 

Pseudoloxa . 

0'36 

» 0'G8 ,. 

Himmalies 

0-3 

.. 0 8 

Jaen palhda 

0 66 

.. 0'60 

2. Yellow or Orange barks: 

RoyaJ or Calisaya bark. 

a. plana . 

22 

per cent, quinine, 0'28 per cent, cinchonine. 

b convoluia 

1-1 

.. 0-42 

Oinchma flava fibrosa 1 05 

.. 0'83 

Cmohona Jlava dura 

0 64 

1. 0 18 „ 

Pitaya 

1-68 

.. 0-90 

3. Eedhark: 

Oinahona rubra . 

0 91 per cent, quinine, 1'06 per cent ohichoiiino. 


According to MTvor, a covering of moss on the hark during its growth increases Iho 
percentage of the alkaloids, and this observation has been confirmed by Do Vrij, who 
found in a young bark covered with moss, 8’4 per cent, of alkaloids 

The extraction of quinino and cinchonine from cmcliona-barks, by treating the bark 
with a dilute acid, and precipitating with limo or carbonate of sodiiim, has been 
already described under Cinchonine (i 973) , also the usual mofhoda of seiia'riiting the 
two, depending a. On the greater solubilily of snlpili.ite of ciiiclioiiinc in w.ilci’ and 
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tlie groater facility of erjstallisiitiou of thu qiiimne-salt — ft On the greater iSolubility 
ot quinine in cold alcohol, and in etlici. Thihoumery (J Pharm. [3] xvi, 369) 
pxti'iictH the alhiiloida from the lime-praeipitate witli oil ot turpentine or coal-oil, 
instead of alcohol i Heriing uses heuzeno tor the same piu^ose These liquids dissolve 
the quinine, with very little cinchonine, and ^ve it up agam to dilute acids : they have 
the' advantage ot taking np less of the colouring-matter 5ian alcohol does 'When the 
alkaloids hai o been precipitated by carbonate of sodium, hot fatty oils may also be used 
for the extraction [Por other methods, see Gmdm's Hiaidbook, xvii 266 Per the 
quantitative estimation of the alkaloids, in cinchona-barks, see the same work, xvii. 
268 ; also this Dictionary, i 968.] 

Propel tirs — Quinine is precipitated by an alkali from the solntions of its salts, as a 
white onrdy hydrate, porous and finable when dry, agglutiuatmg when heatei By 
fusion m a vacuum, or by prolonged heating to 120“, it may be deprived of its combined 
water, leaving a wliite Opaque mass, which has a crystaUine surface and eoucentrio 
radiated fracture, becomes strongly negatively eleetnc when rubbed, end melts to a 
transparent liquid at a higher temperatnie 

Qinnine is permanent in the air, inodorous, very bitter, and antifebrile. According 
to Eobin (Compt. rend, xxxii 650), it prevents putrefaction It restores the blue 
colour of reddened litmus. In alcohobc solution it exerts a left-handed action on 
polarised light- [o] = — 141-33“ at 26° for the red ray (De Vnj and Alluard, 
J. Pharm. [3] xlvi 192) ; = — 121 5° at 22 6° and — 129 68“ at 16°, weaker therefore 
in warm than in cold solutions Acids increase the rotatory power , ammonia restores 
It to Its original amount (Bouehardat, Ann. Oh. Phys, [3] ix 213). Por solutions 
of quinine in acetic or sulphnno acid, [a] = 287-16° at 24° for the transition-tint ; 
therefore 220 16° for the red ray (De Vrij and Alluard.) 

The oompoBition of anhydrous quinine is as follows : 

Pelletier 

Coicutaiion and Dumoe Regnault. Liebig. Laurent. Streckei. 

C“ . . 240 74 07 76-02 78 38 74 09 73-41 74 06 

H« , . 24 7 41 6 66 7-66 7 67 7-10 7-60 

. . 28 8 64 8-45 8 66 

0* . . 32 0 88 9-87 10 42 

324 100-00 100 00 100-00 

Pelletier and Dumas gave the formula <7 ‘H'WO*; Eegnault Q'^B^'PPO* ■, Laurent 
or 0 ‘”11*^0° The correct formula was deduced fi-om Liebig's analyses, 

Quinine forms two hydrates, containing respectively one and tliroe atoms of 
water. 

a. Tnhydvatc, 3H®0. — ^This is the ordinary hydrate obtained by precipi- 

tation. When a dilute solution of quinine-sulphate mixed with excess of ammonia is 
left to evaporate, slender needles, consisting of the same hydrate, gradually form on 
tho surface , when dried, however, they present the appearance of an amorphous 
powder. A solution of quinine m absolute alcohol leaves on spontaneous evaporalion 
a resinous mass, containing a few needles of the tnhydrate, hut it does not crystallise 
readily fi-om alcohol , tho ethereal solution of quinine leaves nothing but a resmous 

j3. Mona-hydi ate, H'O. — ^Whon the amorphous trihydrato fiieshly precipi- 

tated and washed is exposed to the air and frequently moistened, it is slowly trans- 
formed into crystals of the mono-hydrate, which dissolve tn warm alcohol, crystallise 
ogam on cooluig, and give np their water at 130° (Van Heijningen, Jahi-osb 1849, 
p 37 1). This hydrate constitutes Van Heijningen’s y-quimm. It dissolves less 
easily than oiduiary quinine m alcohol, and is said to form a neutral sulphate different 
from tho ordinary salt. De Vrij (N. Jahrh. Phiu-m xiv. 268) did not succeed in 
prepiinng it 

Qiimmo dissolves in 381 pta. of cold ivater (Dnflos); in 480 pta water at 18-76° 
(Abl); in 200 pts, of boihugwater (Pelletier and Oaventou), 207 pts.(Du£los). 
It is very soluble in alcohol, and dissolves in ether, much more easily than ciuehonine. 
It dissolves also in volatile oils, fixed oils, and chloi oform. It is not quite insoluble in 
.iqucous alkalis, eapecuilly when recently precipitated from ito salts. According to 
Dnflos, however, it is precipitated from aqueous solution by alkalis and alkaline carbo- 
nates, so that the presence of acids probably influences its solubihty. It dissolves in 
2,146 pts aih>M-waUr. (Calvert) 

Peaompositwns.— i. Qiimine wlien strongly heated in the air tiums brown, burns 
with flame, evolvuig an aromatic odour, and leaves a bulky easily comhustiblo charcoal 
— 2 Solutions of quinme-solls turn brown in sunshine — 3, They are violently acted 
upon by tlio clccti lo ouricnt (Hlasiwetz and Eoehleder). — 4. With aqueous minte 
oj potassium, sulphate of qiiimno evolves nitrogen, and is convoi-fetl into oxyquiiano 

VoL V. C 
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(9ehuti!enberp;or, iv 320).— 5. A solution of qumiuo in strong mine acul Ijofonios 
coloured on heating (Riegel), without forming picric acid (Li ebig) — B, A solution 
in oil of vitriol imraedutely colours ch ornate r}' potassium dark-gioen, with ovohitimi 
of gas (Ri egel and Eboli). — 7. Permanganate of potassium acts upon qmnino in tlio 
cold, and more completely at boiling heat, forming cerhoiiato and nitrate of potassium, 
and a peculiar acid (Cloez and &uignet, Compt. rend xlni 710) — 8. Peroxide of 
lead coloura a solution of quinine in sulphuric acid grey-brmvn (Eicgcl), Wlien n 
solution of quinine-sulphato is boiled with peroxide of lend, and dilute .sulphuric ,acid 
is gradually dropt into it, a i-ed snbstance called quiiietin, pnitly soluble in water, 
is produced (Marchand, p 9 ) 

9. In contact with eino and dilnte sulphuno acid, quinine takes up 1 at of water, 
and is conyerted into hydroquinine, C“H*“N^O“ (Sohiitzenberger) — 10. \Vlioii 
heated to 210° or 260° with water in a sealed tube, it forms clnnoliue. (Eeyno.so, 
Compt. rend. xxiv. 795 ) 

11. The solution of qmnino in od of vitriol acquires a yellowish-brown colour when 
heated (Iliegel),/a/Mm5' sulphuric acid colours quinine yollowish-greeii (Selilieken- 
kamp), forming quinme-sulphurio acid (Schutzenberger) — Salts of quinine 
heated alone, or with sulphuric acid and water, are converted into salts of quinicinu 
(p. 13 , Pasteur) 

12 Quinine assumes a dirty-yellow colour in vapour of meZins (Bonne) Wlien 
triturated with iodine, it forms a brown compound, which appears to ho idontic.vl with 
the precipitate formed on adding a solution of iodine in lodido of potiiBsium to a 
quinmo-salt Quinine is decomposed by aqueous periodic acid, with liberation of 
iodine (Bodeker). When quinine, or its siilphnto, is warmed with an equal quantity 
of iodic add, an explosive evolution of gas takes place (Brott, J. Pharm [3 ] xxvii 
116) 

13 Qmnino, sulphuno acid, and iodine together yield sulphate of lodoquinino (p 26) 

U. Qmnmo exposed to ii curront of dry cklunnc, takes up a large quantity of the 

gas , according to lioidiA, it ivseumos a carniino-red colour m a few seconds, and 
becomes soluble in water, but according to Pasteur, it turns greenish, and then 
gives up to boiling or cold water only a small quantity of a substanoo having an ai'id 
reaction, whilst tho remainder behaves like the body fonnetl by the notion of chlorine 
on quinine suspended in water. Quinhio suspended in water is reddened by chlorinn 
(Andri and PoUotior) A solution of quinine in 400 pfs. of water, acidulated 
with sulphuric ncid, is not coloured or roiidorod turbid on passing ohlorinc into it fur 
ton minutes (Lepngo, J Pharm xxid. 140 ) 

When cKonne-waler and then amnimaa are added to a solution of a qmniiie-wilt, a 
green precipitate is produced, which is dissolved by miiro ammenia to a line emeruld- 
groen liquitl. Exact neutralisation of the liquid colours it a sky-blue, changing to violet 
or flery-red on further addition of acid ; ammonia restores tho green colour (AndrZ', 
.T Pharm. iiii 132). In this way [especially by employing an ethereal solution 
(Leers)] mere traces of quinine may bo rooognisedj quinidino, however, e.\hibits tlio 
same reaction 

The greon colour is not produeod by other alkalis instead of ammonia It is not 
produced when the ohlorino-water is allowed to act too long, nor wil h all prnporl ions of 
chlorine-water and ammonia , since with too little chlorinn-wntor, ammonia throw’s 
doivii a groenish-white precipitate, and with too much it produces a yellow coloration 
(Braudes). Reddish-green or brown colours may also ho produced (Andn'i ) 

When 200 grains of sulphate of quinine are dissolved in 80 ouiicob of chlorinc-watcr, 
and the eolution is mixed at once with 10 ounces of jnimoiim-wator, a green ]irccipitato 
IS produced, amounting to about 60 grama, whilst tho liquid roniaiiis of a ducp-grecu 
colour. The precipitate is Brandos and Leber’s dallciochine ■ tlio coloiiring-niattor of 
tho solution is not removed by agitation with ether, nor m an niii'liangcil state by 
other means, hut splits up on ovaporation into red rimorhine, soluble in alcohol, and 
dark-brown mdanaclane, insoluble in water and alcohol. (See G-milm’s Handltuok, 
xvii. 272 ) 

16. When strong ehlorine-wator free from hydrochlorio acid ispouiwliuto aconcnii- 
trntod solution of sulpLito of qiiinuie, till tho liquid exhibits a faint yellowish colon r, 
and 6iioly pulverised /m-ocir/aiH'ife q/’_poteasiM»t 13 then added till tho colour changes 
to light roso-red, this tint gradually changes to dark-rod, especially on .iddilion of ii 
larger quantity of tho ferroeyanido. The red colour is not duo to the formation of any 
eyanogon-compound, for it may he equally woll-produced by moans of baiyta or lime- 
water, or of sodic borate or phosphate (A. Vogel ) 

_ 16. When quinine is heated with strong potash-ley, hydrogen is evolved, eliinolinc 
(i. 869) distils over, and tho residue appears to contain formic acid, (Oorliardt and 
W ertheim ) 

17. With lodidenf methylaxii iodide qf ethyl, quinine forms hydriodate of motlijl- nr 
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rthyl mumne (p 26). With cUonde of acetyl and chloride qf benzoyl it yields the 
hydroolilordtas of acetyl and bonzoyl-qumiue (p 26). 

Quinine-salts. — Qmmne neutralises acids completely, forming mono-acid or 
neutral and di-aad salts. Tlio salts are, for the most part, more easily oryetalhsable 
and less soluble in water than the salts of cinchonme. They have a strong bitter 
taste, and frequently exhibit a pearly or silky lustre They are precipitated by aliatis 
and their Larbonatcs, by the hydrates of calcium and magnesium, and by ammonia and 
caibonate of ammonia, hydrate of quinine being thrown down in white flocks. The 
precipitate produced by potash, ammonia, or carbonate of potassium is pulverulent, 
and not crystalline or soluble, to any great extent, even in excess of the precipitant; 
the sulphate alone yields a precipitate easily soluble m excess of ammonia (v. 
Plauta). Cyanide of potassium colours qninine-salts enrmmo-red (Schwabs). 
lAme-watei' added in excess to qninino-salta rsdissolvea the precipitate formed at first. 
Solutions of quiuine-salts containing excess of acid are highly fluorescant. 

Acetate of Quinine, C-H'O* crvstallises in long needles, which melt 

to a colourless glass It gives off acetic acid at the heat of the water-bath, is sHghtly 
soluble m cold, very soluble in boiling water (Begnault.) 

The arsenate forms needle-shaped prisma resembling the phosphate, but less 
pearly. 

The aspartate forms indistinct crystals, easily soluble m water 

Borate. — A hot solution of quinine in aqueous boric acid yields crystalline granules 
on cooling , by spontaneous evaporation with an excess of boric acid, a varnish is 
obtained. 

Carbonate, C*“H’<N®0^H*00‘.H’0.— This salt is not formed by precipitation ; but 
when quinine precipitated from the sulphate by ammonia is suspended in water, 
and carbonic noid is passed into the solution tiU the quinine dissolves completely, 
an alkaline liquid is obtained, from which crystals of carbonate of quinine are 
deposited on exposure to the air for twenty-fom' hom's. By spontaneous evaporation 
of the mother-bquor, quinine is obtained free from carbome acid The carbonate forms 
translucent needles, having an alkaline reaction, efflorescing rapidly in the air, and 
decomposing at 1 10°, with liberation of carbonic acid , they are soluble in aloobol, but 
insoluble in ether. (Langlois, Ann Ob. Phys [3] jdi 89) 

The chlorate, formed by dissolving quinine m warm aqueous chloric acid, crys- 
tallises in tufts of slender needles, meltiiig to a colourless liquid, which solidifies to a 
transparent varnish , it explodes when strongly heatei (Serullas.Ann. Oh.Phys 
[2] xlv 279 ) 

Chroma tes — The neutral salt, 2C“N'‘H-'*ObCrO’, is precipitated from an aqueous 
solution of neuti'al or acid sulphate of quinine by neutral chromate of potassium, in 
the absence of free acids, and is slowly deposited in tufts of shining golden-yellow 
needles, not affected by light, but assuming a green colour when heated above 92°. It 
dissolves in 2,400 pts of water at 16°, in 160 pts. of boding water , in alcohol, but 
not in other (An dr 4) 

The acid chromate, CrO*.8H^O, le thrown down bj acid chromate of 

potassium from a cold aqueous solution of sulphate of quinine containing sulphuric acid, 
as an orange-yellow precipitate, consisting of microscopic needles It decomposes 
rapidly in the light, turns brown at 60° or 66°, or when boiled with water, evolving 
oxygen. More soluble than the neutral salt. (Andrd, J. Pharm. [3] xli. 341.) 

The citrate, 2C“H^*N’0”.C“H*0’, is a spariugly soluble salt, crystallising in 
delicate needles 

Croconate and Ehodizonateof Quinine are deep yeUow or red amorphous 
masses, soluble in water and alcohol (Heller). — ^The cyanuratew arrhite amorphous 
mass (Elderhorst) — The formate crystalhses easilyin needles resembling the sul- 
phate (L L Bonaparte, J. Chim mid, xvih 680.) 

Q all ate — Gallic acid and alkaline gallates form precipitates with all salts of 
quinine, pronded the solutions ore not too ddnte. The precipitate dissolves in boiling 
water, the liquid becoming mdky and yielding an opaque deposit on cooling Gallate 
of quinine is soluble in alcohol and in excess of acid (Pelletier and Caventon). 
According to Pfaff and Henry; gaUic acid and alkaline gallates, when free from tannin, 
do not precipitate qumine-salts 

Eydriodate of Quinine, HI, is obtained by dmect union of the 

acid And base, or by double decomposition, in nodular groups of delicate crystals 
(Pelleti or), lemon-yellow prisms (Herapath) A solution of sulphate of quinine in 
boding water, mixed with an equivalent quantity of iodide of potassium, yields on cooling 
nothing but crystals of sulphate of quinine , but when 240 pts of hydroehlorate of quinine 
are mixed with 460 pts of iodide of potassium, m hot aqueous solution, a eolonrless 
turpentine-like mass is deposited as the liquid cools CWinckler) Iodide of potassium 
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tinws down from .ici'tiito or liydrodilorate of qinnino, ii wlnto powdur, 

which rims into drops (v Pl.intii) The hydriodaU melts fo ii resin over the iinter- 
b.ith. It dissolips m water more frody than the sulphate , in nearly all pi'opnrtion.s m 
alcohol, and m ether (Wineklor, Jahrb pr. Pharm. xx 321) Prom a flolution eon- 
tinning excess of hydriodic acid, an acid hi/dnodate, C^H-'N-'O^'illl SIT’O, sopanites, 
aocoriirng to Eegnault, in large lamin® banng a fine yellow colour and strong acid 

By mixing acid snlpbate of quinine with solution of iodide of potassium, Elgin n i 
(J Chim mod xiii 116), obtained a red powder, ’ i Ins analysis, 

60 per cent, of quinine, 30 of liydriodic aeid, am a inixtiire of 

hydriodate of qnmine and lodoquinine, Accoidii 110)i on dis- 

sulvmg tlim procipilalo in alcobol, and evaporating the miliition, traiisparent four- 
Buled prisma are obtained, winch turn dull and brown-rod in the air, 

Hydruchloratei — The neutral Balt, 2^C“n’'N’‘0'’ IICl) 311-0, is easily obtained 
by dissolving quinine in a slight excess of warm dilute hydroehlone acid, and separati's 
on cooling in long eilky fibres It may also bn prepared by precipitating siilplmle of 
quinine with chloride of biiriuiu, hut the Halt thus formed soon turns resinous ui 
presence of iin excess of hydrochloric iicid CWincklcr). At 140 ’ in a enrrent of diy 
air it gives otf7-10.5 per cent, water of crystallisation An acid lij/dnicft/vrati scpiiratis 
from a solution of quinine in a largo excess ot hydrochloric acid , but on n dissolving ii 
in water, the solution deposits tlio greater part of tlio qiuniiio us iiuutial liydru- 
chlorato. 

The neutral hydroohlorate forms yellow precipitates with aui w and iiidic cMoridis. 
— The cMoromfrmnUe, C“"II“N“0® 211 01 IIg"CP, is obtained as a granido-crystiilhne 
precipitate, by dissolving equal parts of quinmo and morciiric oliloride m strong 
alcohol, and mixing the liquids after adding a bltlo liydrochlorie acid to thi' quinine- 
solution If weak aleohol is used, the precipitate fornts iiioie quickly, but is less crystal- 
line It IS lery slightly .soluble m wafer, cold aleohol, and etlior —The ihUmijihilinati', 
2iTClPt*''l'l'.II'0, IS obtiiinedby adding phitiiuc olilondu to a sohilion of 
qnimne in a slight excess of hydrochloric arid, as a yellowish floceulcnt jirecipiUito which 
on agitation becomes orange-coloured and crystiillino, sinking to tho bottom of lliu 
vessel and attaching itself lo the sides. It does not give off any water at 100°, but 
tho whole, equal to 2 37 per cent (1 at ), at 110°. (Gcrhardt.) 

Iljldroeyauatc — Quinine triturated and agitated with aqueous lij drncyanio aeid 
dissolvoB to a yellow liquid 

Ci/miopliiimit/es — A solution of qiiinine-sidphiito precipitated willi platinoeya- 
nido of potassium yields the salt C“lI-'N-0- 2t[C!y Pt"(!y'-.n-0, luul with pIiKuud- 
cyanido of potiissram, thoaiiltG“II-'N-0- 2Tl0y.I’('''Gy< (We el h eim, Ann, Ch I’liarm. 
Lxxiii. 210) — Aecordmg to Schwa i/enbach (Plnirm Vieitelj vni. 210), plat, imicy.i- 
iiide of potassium throws down o. Prom a solution of qiiiiune in mpieons iieetic arid, 
a white precipitate of tho salt, 3C’"E“'N-'0* 21lCy PP'Cy', partly eunverti d into needles 
on standing — 0. Prom a solution of qnimne in a modorato e.\e<'ss of .siilpimrie aeid, a 
bulky white precipitate, which when left at rest is traiisforined into tiiliuliir eryst.ils 
eontinning ‘ ' . ■'Cy*) H’O, warty groups of needles oon.sisting of 

• a resin having tlio same composition, 

Ilydrojm icyamte of 2(C“H‘'NW II*Po'''Cy“)8H-'0, is preeijnfiited by a 

concentrated aqueous solution of ferrioyaiudo of potassium fiom a si rung in|nooiis solu- 
tion of hydrochloriito of quhime contaiiiuig a little free hydroehlone iieid in golden- 
yellow crystalline laminae, which after drying resembles mus.iic gold. The s.ilt ilocs 
not lose weight at 100° , dissohes easily in water, and deposits a blue powder on 
evaporating the solution (IloUfus, Ann Oh. Pliarin Ixv 224) — The In/draji rron/anale, 
(s.vjqiipfioi H^Fe"Gy''.2H*0, is an oraiigo-yollow crystaUiiiu preeipitate, obtained on 
mixing tho alcoholic solutions of quinine and hydroferroo) luiic iieid 

Mi/pophoaphitc, G-'"H®‘NW.H*PO^-— To prepare this s.ilt, 100 pts of snlphnte of 
quinine .ire he.itcd to 94° with 6,000 pts of water and 38'7 pts of hypophnsphnrons 
acid , a quantity of hypophospliito of barium, barely Kiifficient for the eomplete deeoni- 
positioii of the sulphate, LS then added, and tho liquid is filtered and left to eryst.illise 
The mother-hquor and wash-water yield colourless crystals only when ciuitiouMly 
evaporated, — It is a light very loose mass, having a puro bitter t.isto ; melts mnl turns 
brown at lon°, with loss of w.ator, dissolves in 60 pts of water at 16 6°, mid more 
easily m boding water (L. Smith, Zeitschr Ch Ehiirra. i. 159 ) 

Hyposulphite of Quinine, G™H’<N=0’'.H'SW (at 100°), is obtained by adding 
hyposulphite of sodium to a solution of liydroeliloruto of quinine, as a flocculent 
precipitate sparingly soluble in cold water It eryitallisos from hot aleohid in tine 
needles containing 1 at water, which they give off at 100°, yielding a powder, 
strongly electric when hot — Hyposulphate. — Deposited in erjstnls from a hot 
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solution of sulpluite of quiuino mixed with hyposnlphate of barium. (Wetherill, 
Aim. Ch. Pharm. Ixvi. 150, How. Ed. N. Ehfl. J. [2], i. .17.) 

lodatea. — The neuti-nl salt eryatalKses in moderately soluble silky needles; the 
aoid sail is a sparmgly soluble precipitate. (Serullas ) 

Laotate of Qmnino crystallises by spontaneous evaporation, in flat silty needles 
resembling the neutral sulphate, but more soluble. It is said to be efficacious in the 
treatment of intemittent fever (L L. Bonaparte.) 

MM It ate. — Alcoholio quinine produces, with solution of mellitie acid, an abun- 
dant white precipitate, which becomes pearly and ciystalline when washed with weak 
alcohol. It does not lose water at 100°, but evolves a little water and ammonia at 
130°, turning sulphur-yellow; dissolves very slightly iii cold, and somewhat more 
freely in hot water, from which it is deposited as a ciystalhne powder on cooling. 
(Karmrodt, Ann. Gh. Phavm. bexxi. 170.) 

Morzntannate. — ^Pale-yellow precipitate, slightly soluble m water, easily in 
alcohol 

Nitrate, 0“H*'N’0'*.HNO* — An aqueous soliitiou deposits on evaporation oily 
di'ops, which turn waxy, and when kept imdar water for many days are transformed 
into very oblique rhombic prisms (Pelletier and Caventou). Crystals arc obtained 
only by evaporating the excess of acid, and dissolving the residue in water (van 
Heijningen). — When neutral aulplute of quinine is decomposed by nitrate of 
barium, and the filtrate is allowed to evaporate spontaneously, large transparent 
prisms separate, which give off 4 2 per cent of water at 100° (1 at =.4 4 per cent.) 

(S tree her) — Argento-mtraie. Alcoholic nitrate of silver throws down, fiiom alcoholic 
solution of quininaf a orystaUine precipitate containmg 1 at. silver-oxide to 1 at. 
qiunine. (Streoker.) 

Oleate — Quinine is nearly insolnhle m oUve-oil, and does not saponify when heated 
with It. When 1 pt. of qninine is digested with 2 pts of oleic acid for one to two 
hours at 100°, a solution miscible with fat oil is obtained (Attfield, Phai-m. J 
Trans 1863, pp. 4, 388) By the action of quinine on olive-oil or margarie aotd, 
Tripier (J. Pnann. [S), xlvi. 234) obtamed soaps miscible in all proportions with 
oils and fats The very viscid “ Oleomargaratc de Qutnim" thus formed ultimately 
crystallises by slow cooling in sinning globules. 

Oxalates — The neutral salt, 2C”H"'N’OIO*II-0’ (at 125°), is obtained hy precipi- 
tating a cold solution of the acetate with ox.ilate of ammonium, washing the preci- 
pitate with a little cold water, and reorystallising from boiling alcohol, which deposits 
It on cooling in lery fine needles.— The acid salt forms needles veiy soluble in water. 

Perchlorate, HCIO* 7H'0.— When sulphate of quinine is precipitated 

by perchlorate of barium, and the filtrate is evaporated, yellowish ody drops are 
deposited, which redissolve on gently warming the liquid, and afterwards sepai'ats in 
crystals on cooling By conocntr.itiun, the mother-hquor yields a further quantity of 
oil, which BoUdifles in contact with a crystal — Accorffing to Bodeker, the salt forms 
striated prisms, exhibiting a faint diehroism of blue and yellow; according to Dauber 
(Ann, Gh, Pharm. Ixxi 65), it forms truncated rhombic octahedrous, cleavable parallel 
to the end-face. P . P basal - 149° 46'; maerodiagonal = 80° 30', braebj diagonal 
= 107° 32’. The crystals melts at 46°, and likewise at a moderate temperatme over 
oil of vitriol , and the fused salt solidifies on cooling to a clear brittle mass, which loses 
14 3 per cent of water at 110°, puffs np strongly at 160°, and sohdifles again at 161)°, 
having then lost 18 63 per cent of water. On further heating, a violent explosion 
occurs, accompanied hy flame — Aqueous solutions of a certain strength yield highly 
lustrous, diclu'oic, rhombic tables, which melt to an oil under water, but only 
at 210° when iieatcd alone, losing 6 6 por cent, of water (2 at. = 6‘4 per cent ). 
(Bodeker) 

Periodate, C“H®'N“0°.EI0’ — Freshly precipitated quinine neutralises aqueous 
periodic acid hut incompletely in the cold, and on warming the liquid, iodic acid is 
formed When the acid solution la evaporated over oil of vitriol, it becomes covered 
with oily drops, winch are converted into crystals as the evaporation proceeds The 
periodic acid contained in tUo crystals is reduced on keeping for a short time, the crystals 
acquiring a yellow colour On neutrahsing the .ilcoholic solution, and evaporating at 
80° to 40°, roundish masses of needles are obtained They dissolve easily in water 
containing nitric acid, but with difficulty in pure water, and after drying at 40° retain 
9 at., and at 100°, 6 at water. (Langlois, Ann Ch. Phya. [3], xxxi 274 ) 
Phosphates. — Quinine dissolves easily in warm aqueous phosphoiio acid, and the 
solution on cooling yields a pulpy mass of needle-shaped crystals. A more dilute 
solution deposits radiated groups of very thin silky needles, perfeelly neutral to test- 
paper. They give oft 7 67 to 7 85 por cent, water at 120-', and probably consist of 
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3C»H«<N»0»2PH»0' (Anderson, Ann Oh. Pharm. kvi. 59), or, nceowliiig to 
0orhardt {TrmU, it H8),of 20”H«J5P0»PH“0'.2H’'0.--A hot solution of fnlpbnte 
Or hj^droehlorate of quinine mixed noth a slight excess of sodic phosphiito, deposits on 
cooling a white crystalline mass, very slightly soluble in water. ("VV inoklor.) 

A pyrophosphate of qumme is obtained by precipitating the hydrochloruto with sodic 
pyrophosphate. 

Picraie. — Obtained by precipitation as a yellow powder, very slightly soluble in 
water, freely in alcohol, when boiled in water, it melts and floats on the surface in 
oily dvops{Ii. L. Bonaparte) According to Carey Lea (Sill Am. J. [2] xxvi. 370), 
it crystalliaes front the alcoholic solution in yellow needles ; according to L. Bonaparte, 
the alcoholic solution does not yield any crystals. 

Qiitnaie of Quinine occurs iu cinchona-barlca (Henry and Pliasoii) A 
solution of sulphate of quinine mixed with quinato of barium deposits the s.ilt usually 
in inammollated cruets, having a horny appearance at the cdgr.s, sometimes, lioivevcr, 
in needlee It dissolves in 3'6 pts. water at 110°, and in 8 pta of alcohol of 88 per 
cent. (Banp.) 

Sucoinaie of Quinine forms pearly prisms, 

Sulphates of Qmmne. — a. Neutral salt, 2C®''lI’'N*OblI'SO*, comnionly hut im- 
properly called Baste sulphate of quinine. This salt is produced by noutralising 
qmmiie with dilute sulphuric acid, a tow drops of .ilkali added to the solution quiekly 
determining the crystallisation (seo also p 16), It ciystallises in sciiles, or in long 
slightly flexible needles, having a nacreous aspect The crystivls are moiioclinie, ex- 
hibitmg the combination oP . coPco . [coPot], Anglo oP . [mPi»] = 05° 5U', 
»Poo • [ ooPoo ] =a 90°, Tiiey are often homitropio. Cleav.igo distinct, pariillel to 
oP and ooP The salt is os light ns magnesia, Ji.is a liittor tiisto,iind ofiloresous quickly 
on exposure to tlie au\ 

The sulphate dried in the air at 8° to 16°, or over oil of vitrol diluted witli 3'2 to 
3‘6 its Toluino of water, has the composition 2(2C‘WH“OMI'fiO’) loIlT); the moist 
salt loses its excess of water when placed over acid of tins strength, wliilst tlie air- 
dried salt does not alter in weight. When heated to 110° to 12t)°, it loses tlio wliolo 
of Its water of cryslalliaation, hut rapidly absorbs A87 to C'l per cent again on ex- 
posure to moist uir (4 at. =• 4 82 per cent ) (Job at and Hesse); the same’ quantity 
of water is retained by the suit dried over oil of vitriol [or in dry air (Baiip)]. A 
solution of 1 pt of the air-dried salt in 40 pts or moro of iilooliol of speeiiic gravity 
0 862, deposits on evaporation wlnto needles, containing 4 at. water, (Johst and 
Hesso, Ann Oh. Pharm, cxix. 301.) 

Oommereial sulphate of qiimine contains quantities of water varying between 6'I and 
13 '3 per cent. (Millon and Comuillo) It iisu.illy appears half- effloresced, but 
still contains 16'0 per cent of water (Ginlionrt ) 

The anhydrous salt dissolves in 793 pts water at 0°, and in 788 pts, at 9'5 (J olist 
and Hesse). One part of the salt [crystallised or dry?] dissoiies in 2Go pts of cold, 
and in 24 pta of boiling water (Bussy and Ouihourt) ; m 336 pis, cold, and 33 6 
pts. boiling (Howard) ; in 720° pts at 18 76° (A hi) ; in 740 pts at 13°, and in 30 
pts. at 100° (Baup), in 740 pts at 10° (van Hoijiiingen , Cap and Garot) The 
commercial salt dissolves in 738 to 770 pts of W'atcr at 12° to 1.5° (Kerner). It 
dissolves very sparingly in a cold aatnratott solution of Qlouber’s salt, and scarcely at 
all in Eochelle salt, so that tho solution is scarcely clouded by ammonia, or eolijured 
by chlorino-water and ammonia (Mann) The eoluhility of sulphate of quinine fli 
water is reduced by sulphate of sodium and sulphate of magnesiuni, hut increased by 
sal-ammoniac, saltpetre, and chlorate of potaShinm, (Calloud ) 

One part of anhydrous sulphate of quinine disaohes iu 100 to 115 pta of aleniinl of 
specific gravity 0 862; the stiength of the alcohol, however, is iiltereil by tlie salt dis- 
solved in it (J ohst and Hesse) One part of tho salt [erystalli.sed or diy ?J dissolves 
in 60 pts of cold aleohnl of spocifle gravity 0'86 (Baup) ; in (iO pts of cold alcohol of 
21° (Belondre and Henry) , in 40 pts. of alcoW (Cup and Garot) , in 7 5 pts of 
boiling alcohol of 90 per cent. (Bussy and Guibomt), from which it is diqiosited 
almost entirely on cooling Sulphate of quinine dissolves m 40 pts. of glycerin, hut 
not in fatty oils (Cap and Garot, Attfield). It diasolvcs iilnuuhnitly in creosote at 
20°, and slowly in cold pieamar (Roichenhaoh). It is insoluble in cliloioform. 
(Schlimpert.) 

The solution of qumma-snlphate in water ncidnlated with eulphurio acid turns tlia 
plane of polarisation of a ray of light strongly to tho loft. For the tmnsition-tint 
[a] = 266'6 for the anhydrous sulpliato, and 210-87° for tho sidphate with 15-72 per 
cent, water (De Vrij and Alluard, Compt rend lix 201). The same soluliou ex- 
hibits a powerful blue fluoreseence. (See LtaHT, iii. 633.) 

Sulphate of quinine becomes Itiminoiis at 100°; the phosphorescence is liken iso 
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produced by friction, the rubbing body becoming chained at the same time with 
negative electricity very sensible to the electroscope. The salt melts easily, forming a 
liquid like melted was. At a higher temperatnre it assumes a fine red colour, and 
ultimately burns and carbonises. 

Impurities and Adulterations of Sulphate of Qmmne . — Sulphate of quinine may be 
intentionally adulterated, either with inorgamc substances (such as sulphate or carbo- 
nate of calcium or magnesium), the presence of which is detected on hoabng, or with 
organic substances Of the latter class of bodies, starch-powder and stearin are recog- 
nised by their maolubility in acidulated water, and gum by its insolubility in alcohol, 
suliein, phlorizin, and eane-aumr assume a red or browii colour with oil of vitriol ; the 
other varieties of sugar’, as well as other substances soluble in water, remain in solution 
on boding the sulphate with baryta-water, passing carbonic acid into the liquid, and 
filtering, and may bo recognised on evaporating the solution. The pure sulphate thus 
treated leaves only a alight residue, oorrespondiiig to the solubihty of the salt in 

Since cinchonine and oinohonidine eadat, together with quinine, in oinohona-baiks, 
the sulphates of those bases may occur as impurities m sulphate of quinine. They 
may he recognised by the following qumme-test of Liebig: — 10 grains of the sulphate 
to be tested are warmed with 10 drops of dilute sulphuric acid and 15 drops of water 
in a test-tube; the solution is cooled; GO drops of commercial ether and 20 drops of 
ammonia-water am added; the whole is shaken ; and the tube stopped. If the quinine 
IS free from cinchonine, and does not contain more than 10 per cent, of quinidine, the 
whole remains in solution; but if cinchonine is present, it is deposited as a -white 
pulverulent layer between the ether and the water, as is aIso_ the ease with cinoho- 
nidine whan present in large quantity. Smaller portions of omchonidme orystailise 
from the ether on standing for a short time, and still smaller quantities when ether 
saturated with omchonidme is employed in the first instance. As it sometimes happens 
that the upper ethereal layer sohdifles to a jellp, even witli pure sulphate of quinine, 
it IS more convenient to employ ether containing alcohol, or to take a somewhat 
larger proportion of ether than is directed above Guihourt evaporates the ammonia 
before adding the ether (J.Pharm [3] xii 47). — ^Instead of ether,Biegel ^Johrb pr 
Pharm xxv. 340) employs 100 drops of chloroform, whereby the cmchonidine also is 
dissolved To separate tins last substance, he dissolves 10 grams of the sulphate 
in water, with addition of tnrtane acid, and adds acid carbonate of sodium to the 
solution. The resulting precipitate consists of cinchonine and einchonidme, whilst 
quinine remains in solution The cinchonine and cinchomdine may then be separated 
by chloroform. O.Henry(J Pharm. [3] liii. 107) likewise separates quinine and cin- 
chonine by means of ether or cold alcohol, but first removes the greater part of the 
quinine by converting it into acetate (by precipitating with caustic soda and dissolving 
the precipitate in acetic acid), and erystauismg out as for as possible — Delondre and 
0 Henry (J. Pharm. [3] xxi. 281) triturate 10 erms of the sulphate and 4 grms 
of acetate of barium with 60 grms. of water and a little acetic acid, separate the 
crystals which form after a few minutes, and dilute the filtrate with twice its volume 
of alcohol of 86°. After adding a little sulphuric acid and again filtering, the hquid is 
boiled with excess of ammoni.i, and after standing for 24 hours, the cinchonine crystal- 
lises in needles. The cinchonine may also he obtained m eiyetals by dissolving 5 grms. 
of the sulphate in 120 grms. of warm acidulated alcohol, boiling the solution with 
excess of ammonia, and setting it aside for 24 hours. (Por references to other methods 
see Gmdin's Handhnoh, xvii 280 ) 

A Acid sulphate, C’“H’*ffO°.H’SO‘.16H^O, improperly called nmiiaL sulphate — 
This salt, which always separates from a solution of quinine in excess of sulphuno acid, 
is distinguished from the neutral sulphate by its much greater solubility It usually 
evystaihses on cooling in small needles, but by evaporation in a hot-air chamber, it 
may he obtained m rectangular prisms terminated by a truncation, or by two, three, or 
four facets resting on the faces of the prism 

It melts in its water of eryetallisation at 100°, dissolves m 11 pts. of water at 13°, 
and in 8 pts. at 22° , and in dilute or absolute alcohol, much more freely in the hot 
liquids than in the cold. From a solution in absolute alcohol it is deposited in 
crystals, which immediately fall to powder on exposure to the air. (Baup.) 

Sulphate of Quinme and Iron. — A mixture of sulphate of quinine and feme sulphate, 
left for some months in a partially-covered vessel, deposits this salt in small, perfectly 
regular, colourless octahedrons (Will, Ann. Ch. Pharm. xlii. 111.) 

Sulphate of lodoqmnine (see p 26). 

Sulphite of Quinine — Dry quinine absorbs sulphurous anhydride with consider- 
able evolution of heat, forming an anhydrous salt (Liebig and Pelouze.) 

Sulphoeyanate of Quinine, C®’H''‘N’0-'.2C)HS, obtained by precipitating a 
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bolutioa of qiiinino'BiiIphiito with snlphocyimato of potassium, foi'ins (Inn kmon-yollow 
iiioiioolmic crystals (Worth oim). tiuinwo tmatnil with sulphonyanic aeid jitilds tivo 
salts tTystiillismg together, the one white, the other yellow and resinous (l)o lit us). 
By precipitating sulphooyanate of quinine with mercu.no chlomh and cyantdr, tivo 
double suits are formed, containing respectively 2UyHH).iIlg''Ci'‘ 

.ind 2(C«H«N«0>2CyHB).Hg"Cy> (Wertheim ) 

Tannaies — Qmnotannio acid occurs in cinchona-barli: (Henry and Blisson). 
Gallotunnic acid forms with dilute quinine-solutions a ypllowish-whitn, ainorphoiis, 
slightly bitter precipitate, sparingly soluble in boiling water, very soluble in alcohol 
This salt is used in the treatment of fever, and is said to exert less action th.in tlio 
sulphate on the digestive organs and on the nervous system. (Sen liepo) i oj MM. 
Orjtla, Bussy, and Bouvier on a Memoir by M Sarrcsml on the Tha apciitw BroperiiOi 
ofTunnate of (Quinine, J. Pharm [3] xxi. 20C ) 

Tartrates. — a Bextrotaitrates. The iictrirn; suit, 2C“II-’*N^O- CdPOV* precipitated 
on mixing sulphiite of quinine with neutral doxtrotartr.ite of pot.issiinn, as a crystal- 
line powder, neutral, fusible, and having a bitter tasto (Arppo, J. pr, L’hcio liii 331) 
'The acid salt, C'1I“0''.H'0, is obtained by mixing eqiinalcnt qimnlilna of 

tlio acid and base, and leaving the liquid to crystallise. It gives oil' 1 I per I'mit, 
water at 100°, and the remumdor, ii per cent, in all, at 100°, decuinposing -when 
healed for somo time to that temperature (Pasteur) — Tart: ale of qnint up iiml po/u.'.- 
sium forms crystals soluble in alcohol (Delondro and Henry) Qiiinimi boded 
with solution of tartar-emetic does not form a double salt imalogoua to that of quinidine 
(StenliouBO.) 

|3. LcevotaHrate. — Obtained like the doxtrotartr.ite, and has tho sumo composition , 
it differs however in crystaUinc form, gives off nearly all its water of ciystnUiB.iliou at 
100°, and 18 much more soluble lu water than the duxtrotartriito (P .is tour ) 

Urate of Quinine, — Prepared by boiling uric aoid f.ir 

some time with quinine and a large quantity of water, and lilturing tiiu liquid ulnlti 
hot, it is a white, amorphous, laiiiiiiutediiiass(Elderliorst), or a dull white powder 
composed of mieroscopio pirisma It has a bitter taste , burns without innlting wlieii 
heated; dissolves in 866 pts. cold and 36 2 pts. boiling water j in 1680 pts. cold and 
it6 3 pts. boiling .ileoliol ; still less freely in ntlior. (Andrea, Pharm. 'Vicrtelj x. 382.) 

Valerate of Quinine, C'"H° 'NW 0’H'“0' jjlPO — On iiontriilisiiig .ileohclic 
quinine with a slight excess of valoruuiio acid, and allowing a niKtiu'o of 1 \ol of the 
liquid with 2 vols. of water to evaporate at ordinary teiiipeintures, or not above 60° 
hard rectangular octahedrons or cubes, permanent in the air, and by rapid i vMpoi'.ilioii 
also, needles are obtained (L. Bonaparte) 'I'hc salt may also tie prepared by .idding 
carbonato of sodium to a mixture of 1 pt. of valermiiie acid and 2 jits of M.ilerin 
Bufflaient quantity to render tho liquid slightly ivlkabiio, mid poiuing tlui inixtniis 
lit a temperature of 48°, into a solution of 2 pts of sulphate of quinine in w.itcr 
oontaming sulphurie acid" the solution, on staudiiig for 21 lionrs, depnsit.s crystals, 
wluoh are washed With water at 36° (C ha tin, J. Pharm fl]) 268). It Miiells of 
vnlerianio acid, tastes very bitter, and afterwards of the acid, melts at 00° to a traiis- 
pai'ent liquid, giving off 3j per cent, of water, and sohdiiies to a glass on cooling, 
■When more strongly boated, it gives off valuriame acid Thu salt, iusi d at 00°, 
dissolves easily in alcohol, and remains on evaporation us an uniorphuiis in.iss when 
the alcohol is strong, or in tho form of crystals when wmikor idcoliol is einploywl, 
(Bonaparte ) 

The crystals dissolve in HO pts. of eold [JO pts. at 18 76° (Abl)], mid in 10 pts. of 
boiling water CWittstein) 'The solution on boiUiig deposils resinons diojis of llin 
anhydrous salt, which do not become crystalline ou cooling or standing lu water, but 
crystallise from dilute alcohol Tho same anhydrous salt is prisupilatcd by vuU rnune 
acid from an aqueous solution of tho crystals (Boiiapiirte, .f. Oluin lin'd, .wm. 680 , 
xix. 330). Dissolves in 6 pts of cold, and in 1 pt. of boiling uIcdIioI of H() per is iit 
(Wittstein, Kepert. Ixxxvii 296). Tho salt prepared with naturid, but not Ibnt iinido 
ivith artificial, valerianic acid, becomes pho,splioi'escent when rnbbed, r.sjiucially iiller it 
has offioresced. Tho two salts also exhibit different cryslaUme forms. (Bandcror, N. 
Br. Arch cxix. 240.) 

Debtvativbs op Quinine 
1 . By Addition. 

Hyaroqulnlne, 0“H»»N-'0’' = C^ffWOlH'O (at 160°) (Sehiitnoiiberger, 
Ann. Oh, Pharm. cviii 347) — This compound, which contains the elcnunts of I'al! 
water more than quinine, is obtained by tho action of aiiic .ind Milpliiinc ncid on 
qniiiiiio. It IS an amorphous resiii nciirly .1'. bitter as qmiiiiie When diied ,it 12ii , 
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It I'etaius 1 at. -water, forming tlic mono-hydrate C-"H®“N’0’.H^0, -which blowly giTea 
off half ita water at 140°, leaving the compound 2G“H’“N“0" H-0, The mono-hydiate 
softens at 35° and melts at 100°. Hydroqiumne dissolves m alcohol and ether, and 
exhibits -with chlorine--water and ammonia the same green coloration as quinine. Its 
salts are more soluble than the correapondmg salts of quinine. The sulphate crystal- 
lises with difficulty. The ch/oroplatmaie dried at 100° contains 28 2 per cent, 
platinum, agreeing exactly with the formula C“H-“N'K)‘ 2HC1 PO’Cl-*. 

lodoqnlnlne, 20“ff*N‘'O’' I’ ? — ^By triturating quinine with iodine, a brown 
substance is obtained, exactly resemhling lodoemchonine (i. 979), and containing 28 0 
per cent, iodine (calc. = 30 3). (P astenr, Compt. rend, xxxvu. 110 ) 

Sulphate of lodo^mnxne, or Swlphato-zodide of Quinine This salt, dis- 
covered hy Herapath, is obtained by dissolving acid sulphate of quinine in strorg 
acetic acid, and gradually dropping into it an alcoholic solution of iodine. The 
mixture, if left at rest for a few hours, deposits the salts lu large plates, generally 
rectangular, sometimes rhombic, ochi^nal, or hexagonal. These crystals, when viewed 
by reflected light, exhibit an emerald-green colour, with an almost metallic lustre hko 
tho wing-cases of cantharides or the crystala of murexide , by transmitted light they 
are nearly colourless, having only a faint olive-green tint ; but when two of them 
are placed across one another, so that their longest dimensions shall intersect at right 
angles, the superposed portions are quite impervious to light, just like two oiossed 
tourmalines. This effect is produced even with crystala not tSickcr than ^th qf a 
miHimetre. In polarised light, the crossed plates exhibit complementiuy colours, one 
for example being green and tho other rose-coloured, and the superposed portions are 
of a dark chocolate-brown colour. In short, these crystals possess all the optical pro- 
perties of tourmalines, and may be substituted for them, piasenting moreover the 
advantage of transmitting a greater proportion of the incident light , but they are 
somew'hat difficult to manipulate -with, on account of their brittleness. 

The composition of this salt has not yet been ascertained with certainty. Herapath 
originally assigned to it the improbable formula 0’’IP^N‘CfiP.2HSO* ZHO. His 
latest analysis, however, agrees bettor with the formula SH’SO* I" Von 

Hauer’s analysis, made in Kraut’s laboratory, agrees neiu'ly with same formula -t 3H'0 

Calce Hornpath. Calc v Hauor, 

0“ 960'0 40 81 41 35 C“ 9G0-0 39 89 39 39 

H>«» 102'0 4'34 4-70 H*®* 108-0 4-48 4 67 

N= 112-0 4-76 3-64 112 0 4 64 

I» 762-6 32 42 80-83 I® 762-6 31 67 31-69 

0” 176 0 7 48 9 81 O'* 224 0 9 36 

3S0® 240 0 1019 9 77 380' 240 0 996 9 08 

2352 6 100 00 100 00 2406-6 100 00 

—Herapath, Phil Mag [4], iii 161; iv 186. vi. 171, 346; vii 362, ix 366, xiv. 
224 ; complete Chem. Soo Qu. J. xi 130 ; Chem. Gaz. 1868, p. 437 . Jahresb. 1858, 
p. 364— Haidingor and Stokes, Wien. Akad. Her. i. 106; Jaliresb 1858, 
p. 198.— Gm. xvn 312 

Sulphate of lodethplqmmnetfve^meiin hke manner, forms eithoi- thin neodlas por- 
footly opaquo, or thick plates, ti-ansporont and purple in thin films, and of a shining 
metallic green colour by reflected light, or dark-red or orange-rod laminio, transpaj-ont 
and oi-ange-yollow by transmitted light. . 

Oxyaulnlne, — ^Produced hy boiling sulphate of quinine with nitrate of 

potassium, and precipitating hy ammonia. Already described (m. 320). 

2. Bp Suhetitviwn. 

MetnyJqulnlne, = G“H“(CH«)N'0' (Strecker, Ann. Ch. 

Pharra xci 164.) 

Wheniodidoof methyl is added to an ethereal solution of qnimno, crystala of hydno- 
date of mfthylquinine, C®'H’"W'0®.HI, are formed in the liqmd after etanding for 
a while. The compound resembles hydriodats of ethylqiunme in its behaviour with 
ammonia and caustic potash. 

BtUylqulnine, C"“H®®N'0® = C“H®»(C®H“)N®0'. (Streeksr, loo cnf.)— Iodide 
of ethyl in contact with alcoholic or etlieretd solution of quinine, forms, after 
some houis, yellow needles of hydnodate of ethylqninme, an aqueous solution of 
-which IB converted by oxide of silver into iodide of silver and a strongly alkaline solu- 
tion of ethylqiuiiiBc When the latter is evaporated, and the amorphous residua is 
dissolved in alcohol and mixed with ether, a syrup is precipitated which is giadnull) 
converted into colom-Iess noodles, probably of hydrate of ethylqiiiiiinc The 
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biiso tastes cauBtie and bitter iu uquaous solution. — Wlipii heated to 120°, it oiolvos 
an odour of chinolina and decomposes. A strong alcoholic solution is not altered by 
iodide of ethyl. 

Ethylqumino dissolves easily in viatcr and in aloohol. It forms with aculi mono- 
and di-acid salts. Aqueous etliylquinme absorbs carbonic acid from the air, and is 
converted into an uncryslaHiaiible, allcalmo salt 

Hijdioohlorate of mi/lq_Mnine, C“=H"NW.IIC1, or C^-H=<N=0».C=ffC], crystal- 
lises in slender needles united in hcmisphoncal groups. — The chUu-oplalmate, 
C"‘H-'«NW.2HC1 Ptf'Cl*, IS ayellow precipitate, soluble in boiling -.vater, ami sfiparating 
in indistinct crystals on cooling 

The hiftbwdifte, C-'H^-N-O- HI, or C“H»‘NW,C2fi''I, when piiriflcd iiy washing 
With water, and recrystallising from ether, forms very light, culouriess, sill^y neodlea, 
neutral, nnehangeable at 110°, melting .it a higher tomperatnre, uitliout loss of wciglif, 
nnd aolidifying to a vitreous mass on cooling Tastes very bitter. Dissohes fiucly in 
water, and is not precipitated by dnimoiiiiv, but is thrown down in an iiiiaUered state 
by ii large qiiuntity ot caustic potash after standing for soiiio time. Dissolves in 
alcohol, hut not in other 

The wictral sidphutc, 20*''II’'“N-'0*.Il''S0<, obtained by docompoRing tlio bydviodato 
with siilphato of silver, is sliglitly soluble m water, more solublo in alcoiiol fli.in the 
acid bait. 

The acid sulphate, G"*ir-’"N®0®.H’S0‘, crystallises m noocUos, which haio an awl ve- 
iictiori, and after drying over oil of vitriol, give off 8 2 per cent, water ( = 2 at ) ill, 120°. 
It IS very soluble in water, lose solulilo in alcoiiol than tlio neutral snlpliato Dot.isli 
added to the concentrated aqueous solution throws down a precipitate of the ncutr.il 
snlpliato, which dissolves m water 

Sonjioyl-quinlne, C-TI«N-0« = C“n«(CTD0)N=O>. (Sohiitiienhcrgor, 
Compt rend xlvii ssi) — Wlion chloride of boii/oyl is punved upon quinine dried at 
130°, an evolution of Insit occurs, nnd tlio quinine doliquescos to a thick syrup, coiii- 
posod of hydrochlowtn of benzoyl-qiiiiiiiic and excess of clilondo oflionzoyl. The sj rup 
is dissolved m water , the biiso is prccii'itated by ammonia , nnd the wlnte resi'nuns 
mass is dried at M0°, at which teinporatiire it gives off a largo quantity of water 

Bcnzoyl-qniiiino is coloiwed green hy oMonm-umter and ammonia. 'J'lio phitinvm- 
salt eo'cA.was 23 2 per cent, of platimiin (calc, for 2HC1 1’f'Cl'' roonus's 

23 e per cent Pt). 

<itriMM(ri!-SUI.PHirRIC AC1D,C'»IP*N'.S0’ = 2C*»n“<N=0=.f!0» —FtuJphnpamo 
auul ObUinedhy dissolving quinine in fuming sulphuric acid, nenlriiliHing willih.iiytii, 
and decoinposiiig the hiirmiii-salt with sulphuric acid It is a solid lunorphniis iicnl 
mass, easily sohihlo in water and in alcoiiol — ^Tho /lanttm-.vifi, C'“ir'"H,i''jNtSO’, is a 
transparent fiiahle vitreous mass h.ivmg a hitter taste (Sehiiti'onh orgor, Ann Oh. 
Phnrm. cviii 363.) 

Cinchonine forms a similar acid, conUmmg C"H^"N^SO*. (Seim tzenbergor.) 

QUIsroA-SEEVS. Sec CuKiroroiiiuM (i. 8C8). 

QVIITOXSXK'E. This name is applied to the brown resinous muss obtained m 
the manufacture of quinine and cinchonine, by precipitating the brown unciyslallipablo 
mother-liquor with ammonia or potash, or hy evaporating the inotlicr-Iiquors of sul- 
phate of qinnine to dryuess. There appear to he two kinds of quinouhne— the one 
freely soluble in other, and containing qninidiiio, with Btnaller quantities of quinine, 
einclionino, and resin, the other, which is only partially soliililc in ether, consisting 
chiefly of iincryslalliBuble transformation-products of the ciiudiona-bascs. Tho former 
is obtained from inferior kinds of cincbona-bark, lint not from Cinokima ivijia or 
O flavadura. (Wincklor, see Gmelm’s Handbook, xvii. 303.) 

Ammal ^windidtm — This iiiirae is applied by Bonce Jonca and DiiprA (Proc. 
Eoy. Soc XV 73),to a fluorescent siibstiiiico resembling qniiiiiio in optical and cliemical 
properties, winch may bo extracted from every texture of miiu and of some animals, and 
IS identical with tho fluorescent substanco existing in the crystalline lens. 

(^irxirozXi, An old name of Quinine, 

QUIH'OI.Eilliri:. Syn. with Chinounb (i. 8G9). 

QVXBTOn'ii.iaio acid. Syn with Qu:noyj.xuic Acid. 

QVIigrOH'AniXDE. CHW. CWoslcresonsky, J. pr Chem xxxiv. 261.)— A 
product intermediate in composition between quinoiie(C“lDO-) .and dipliemne (C“H“N“), 
formed hy the action of diy ammonia or quinone — 

CH^O- -I- NIP =. C“ffNO H- II-O. 

It is a erj|stallin 0 muss of .i fine emerald-green colour, sidulilo in water, lint quickly 
deepmposing, and yielding a iie.iily black solution. 
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QinWONB, C’HW (Woskresensky, Ann. Ch. Pharm. xxxvii. 168— W oilier, 

iJirf.li. 148 Laurent, Compt chim. 1849, p 190. — Hesse, Ann. Ch. Pbarm. nv 

299.) — A compound produced. 1. By the oxidation of qninie acid. When quinio 
acid or a quinute is heated with a^out 4 pts peroiade of manganese and 1 pt strong 
sulphuric acid diluted with half its weight of water, the mass froths np, and gires off 
thick white vapours, which condense in the leoeiyer toBhining golden-yellow needles of 
quiuone ; the reaction is : 

C'H'“0“ + 0» = C“H*0^ + CO“ + 4H“0. 

Qulnlcacld Qulnonc 

The product is pressed between paper, and purifled by sublimation. In hke manner 
quinone may be obtained from coffee and other vegetable substances containing quinie 
acid (p 9) —2. By the dry distillation of qninates. — 3. Prom bydroqninone, by the 
action of heat (iii. 213). — 4. Prom benzidine, aniline, and pheuylene-damine, especially 
the /S-modification (iv 481), by oxidation with manganic peroxide and sulphuria acid, 
Benzidma thus treated yields a large quantity of quinone : 

0''H>”N“ + ffO + 0> = 2C«ffO» + 2NH' 

Aniline yields but a small qnanbty : + 0* =■ 0>H*0’ + NH", the greater 

part suffering more complete decomposition. (Hofmann, Proo Boy Soc xiii. 4 ) 

— Quiuone when sublimed forms long, transparent, golden-yellow, sinning 
needles (Woskrasensky), after crystallisation from hot water it is of a darker and 
dingier colour, and less transparent (Wohler); from solution in hot ethylic iodide, 
it crystallises ill beautiful laminss (Hesse). It is heavier than water, melts at 100° 
(Woskrasensky), at 115 7° (Hesse), to ayellowbquid, which oryataUisea on cooling 
(Wohler), at 116'2° (Hesse). It volatUises without alteration, and sublimes, even at 
ordinary temperatures, from one part of the containing vessel to another. It has a 
pungent initatiug odour It is very slightly soluble in cold water, more soluble in 
aloonol and ether, the solutions have no effect on vegetable colours, hut tho aqueous 
solution colours the skin brown. It dissolves with yellow colour in dilute hjdrochlorw 
and nitne aotde. The aqueous solution forma a pale-yeUow gelatinous precipitate with 
basic acetate of lead, but does not precipitate the noulial salts of lead, copper, or silver. 

Decompositions. — 1. The aqueous solution of quinone acquires, by exposure to tho 
air, a ooutinually deeper yellowish-red oolom', and ultimately deposits a black-brown 
mouldy substance (Wohlerl. The aqueous solution mixed with ammonia or potash 
absorbs oxygen, and assumes a black-brown colour on exposure to the am, and then 
iornia with acids a black mouldy precipitate, resembling meUuio acid (lii. 867 , 
Laurent, Compt, rend. xxvi. 36). — 2. With dry cUonne gas, quinone forms triehloro- 
quiuoue, tiie action being attended with great rise of temperature and eiolution of 
hydroolilorio acid (Woskreaensky) 

C"H‘0» + CP = C”HC1»0° + 8HCL 

— 3. Heated with hydrochloric acid and chlorate of potussiiim, it is quickly converted 
into tetraohloroquinone (Hofmann, Ann. Ch. Pharm. Ixn, 65). — 4. Oil of mtriol 
carbonises quinone (Woskresensky). — 6. Strong hydiocMono aotd coloui'S 
quinone brownish-blaek, and then dissolves informing ared-bxown afterwards colourless 
liquid, wluch no longer smells of quinone, hut contains chlorohydroquinone, C^H^CIO*. 
(Wohler). The first products are probably quinhydrone and chloroqmnhydrone (ui. 
213, 217), the presence of both of which in the black magma formed at the beginning 
of the action was pointed out by Stfideler (Ann Ch. Pharm. box 308) : 

4C“H‘0° + 2HC1 = C'»H'»0< + G«H“CPO< ; 
and these compounds, by the further action of the hydrochloric acid, are converted 
into ohlorhydroqninone, being at the same time dissolt ed and decolorised • 

0‘°H'»0‘ + C>'B:»C1’'0* + 2HC1 = 4C«H°C10». 
Chlorhydroqiunone is likewise formed by the action of hydrochloric acid gas 
upon dry qninone (Wohler). — 6 Quinone heated with mtno acid yields oxmio 
and picno acids. On treating it with nitric and strong snlphnno acids, and 
immersing metallic zinc in the diluted solution, a base is produced resembling 
aricine or oinchovatme (Schoonbroodt, Bull Soc. Ghim 1861, p 107). — 7. 
Ammoniaoal gas passed over quinone, qnicldy converts it, with separation of 
water, into qinnonamide (p. 26). — 8. Mphydrio acid gas has no action upon dry 
quinone, hut when passed through tho cold aqueous solution, first reddens it, 
and then tlirows down flakes of brown sulphonydroquiuone, which, if the pas- 
sage of the gas be still oontinned, and especially if the action he aided by heat, i3 
conierted into yellow snlphohydroquinone. The same compound is formed when 
sulphydrate of ammonium is poured upon quinone (Wohler) — 9 Quinone dissolved 
in water is converted into hydroqninone by excess of hydnodio or hydrotellunc add, 
with precipitation of iodine or tellurium; and hy sulphmous acid, with formation of 
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fiulpliaric acid CWohler). Sulphurous anhyilrido Inis no notion upon dry qiiimmo ; 
and even phoaphuretted hydrogen, araenetted hydrogen, and hydruoynniu acid urn 
•without action npon it (W ohler) — 10. Qiacklmte, or kythulr n/po/n.vmiM, ni cont.iet 
with moist crystals of qninone, acquires a fine indigo-blue colour, and on trituration a 
blue powder is formed, having a coppery lustre, and yielding a bliicliisli-grccu solution 
■with water (Hesse). — 11, Quinone heated with hydiata of potassium i.s eonverted 
into qumonie acid, (Sclioonbroodt, p. 30), — 12 Qiiinono heated for a long 

time to 118° -with iodide of ethyl in sealed tiibp,s, yields long u lute crystals (Hesse),— 
13. With aniline m boiling alcoholic solution, it forms diphenyl -qiiinoyl-diaiiude. 
(Hofmann, iv. 430.) 

Chloroqulnones. When quinic ncid or a quinate is heated witli a mixtiii'c of per- 
oxide of manganese, sulphuric aeid, and common salt, a yellow ei j stiilliiie siibliinatn is 
obtained- consisting of sevoriil cblorinati'd derivatives of (juniinie, wliieli may bo 
separated by their different degrees of solubility in alcohol d'lii'so eonipininds are 
more Idee qmnono in proportion as tliey contain less chlornio. inotio- unit di-elilnro- 
qiunone still eiystallising in prisms, whereas tri- and letra-ehlnfinjniiione erystalliHO 
in linnuite. By reducing agents, and especially by stilplinrous acid, they arc coiu erl ed 
into tlie corresponding chlorhydroquinonos (lu. 216). 

Monoohloroquinone, C“H*C10* (Stadoler, Ami. Ch Phnnn Kix. 300). Pir- 
paration.— One pt. of quinate of copper, or any other quinate (2.5 gmmmes at. niii.st), 
IS distilled with 4 pts. of a mixture of 3 pts. eommoii salt, 2 pts, fieroxido of manga- 
nese, and 4 pts. oil of vitnol (diluted with three tunes its hulk of water), iii a tlask 
provided with a descending tube six feet long, and kept cool at the up[iev part by .i 
wot cloth, hut not so much as to cause the liquid which distils oier to cryslallise. 
At first the mixture froths up considerably, giving off caiboiiic nnhydrido with a Mimll 
quantity of chlorine ; but when tho liquid begins to boil, tho evolution of eliloiiiie 
ceases. The rapid ohidlition must bo kept up, us long as any ml passes into the receiver 
from the tube, in which, if it be moderately cooled, all the totmohloi'oipiuunie is deposited 
Tins oil, which solidifies on cooling, is collected on a flltor, repeatedly wiislied witli 
cold water, dried, pulveiiscd, and exhausted with successive small quantities of eiild nhsi- 
hol of 66 per cent , as long as the alcohol acquires a yellow colour and gives a precitntale 
with water. Dicliloroqumone then remains undissolvcd, together with a siniiil qniiiil ily 
of tri- and tetca-ohloroqniiioiie, whilst the alcohol retams in snlutinn tho qniiinue anil 
tricliloTOqmnone, which colour it yellow. Those compounds arc proeipitated fi'om the 
solution, by aildition of a triple volume of w.Uer, m slondor needles and lamina', nnd 
dissolved in a small quantity of hot modoriitoly strong alcohol , the solution is cooled, 
till the largo yellow Ittininro of trichloroqiunono, 'which sepacaUi out, begin In he.issii- 
cinted with needles of moiiochlocoqmnone , tho liquid is then iminediutely liltcrcd mill 
mixed with water , and tho precipitate, consisting of monoeliloi'oqiinimie anil a sinall 
quantity of trieliloroqiiiiione, is freed from the hit tor by rope.ileilly tuafmg it .is 
above with alcohol, which however cannot bo effected completely, and is attciulcil 
with great loss 

Monochloroquinone crystallises in long yoUow neoillos, very soluble in ifhn, moile- 
lutely soluble m ofco/ioZ nndaeetio ueid. Itdissolvesnlso in lioiling «i((i;('! , ,ind sepaintes 
on cooling, but if the boiling bo prolonged, the solution Iioeonies iliirlt-ieil and np.iijiio, 
with formation of brown ehloroquiiibydrono (in 217) Clilori)t|uinone melts at Hid" to 
a deep yellow oil, having lUi aromatic odour and biting l..i.ste it eoloui's the epnlermis 
piu'plo, like gold-salts. It dissolves in cold aqueous sulphuxnis ueul, .ind is i eiliieed 
thereby to chlorohydroqninono (lii. 216) 

Vtohlaroqmnone, C'H’Cl’O* — ^Ilus ooinpomid forms the poeiioi. of tlin oily 
product obtained m the preparation of nimiocliloroqiiinone, vvhieli is but sliglilly 
soluble in alcohol. When jmrifled by repeated eryatallisatiou from hot nleoliol, il, 
forms shining, deep ycUow, well-deflnml monoclimc prisms, melting .it. lOd", immi1ii1)Ii. 
in water, nearly insoluble in cold alcohol, eo\nh\o in hot ulcuhil, very flulnhli' iii i llnr 
It dissolves in weak potash, forming a red-brown Boliition, fioni wlueh hydroehloi'ie, 
acid tlu'ows down prisms consisting of a peculiar iieid. — Iliehloinqiminne dissohis 
slightly in ammonia, forming a yellow solution gr.idimlly eliangiiig to icd ninl 
brownish-black Sulphuric, hydroeldorw, nitric, and acetic' unds disMilve diehlmo- 
qmnone, especially when hot, and deposit it in crystals on cooling .Sulpliiinius .lenl 
at tho boihng heat converts it into dichlorobydroqninone or dichloiouninby drone, 
(Stddeler, loo ett) 

Trichloroquinonr, 0'‘U’C1?0\ CWoskresonsky, J. pr Clum xviii, .116 — 
Stadeler, Ann Ch Pharm Ixix. 318) — Produced by llio dirert .ntion of chh.iino 
on quinono, also, together with the other ebloroquinones, by the .letion alinve-iuealioni d 
Tho action of ehlorino on quiiionc is .so violent .it first, that the vi'ssel uqinei In li.‘ 
kept cool at the beginning, but towordstbe cud of the process it must h. Miironndcl 
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■with, boiling water. The product then Tolatiliaes with the vapoura of hydrochloric 
ueid, and is deposited in crystals on the cold pttrta of the apparatus ; it may be purified 
by cry.staIlisation from hot alcohol, 

Trichloroqmnono forma small yellow prisms melting at IfiO® and subliming at a 
lower temperature It does not colour the skin, is quite insoluble m water, very 
soluble in etJtcr, soluble m hot dlcohol. Aqueous potash colours it green, and forms ii 
blown solution, which gradually deposits long needles of a red salt, the acid of which 
is precipitated by hydrochloric acid in rod needles 

Tnchluroquiuone is coloured green by strong aqueous am/moma, but the solution 
gradually aaauracs a brown-red colour, and yields by spontaneous evaporation hard 
dark-biowu orystids — S-utphuTio and mtrw acids dissolvci trichloroquinone without 
alteration , sulphurous aad converts it into trichloroquinono. 

The filcoliohc solution of trichloroqmnono does not precipitate acetate of lead or 
nitiate of silver 

Tetraohloroqmnone, Pei chloroquinone, or Odiloranil, C'Gl^O^ (Erd- 
mann, J. pr Gheni. xziii, 273 and 279, Ilofmanu, Ann. Gh. Pharm. lii 56; 
Hesse, lAiif, oxiv, 303.) — This compound is formed by the notion of a mixture of 
hydrochlorio acid and chlorate of potassium on quinoue, amlme, phenol, triohloro- 
pbenoh dimti’opheuol, trniitrophenol, sahein, sahcylous acid, salicylic acid, nitrosali- 
oylio acid, isatin, ohlousatin, diclilorisatin, and, according to Wagner (J pr. Cheiii, 
Ixvii 441), on pyrocateohin ; also, together 'With the other ebloroqumones, -when 
quinone is heated with peroxide of manganese, sulphuric acid, and common salt, 
(p. 28) 

Pteparation, — 1 Erom Phenol' Strong hydrochloric acid is poured upon phenol in 
a basin ; oMorate of potassium added in small crystals ; and the mixture heated as 
soon as the first violent action is over, the heatmg being contmiied for some time, till 
in fact the phenol, which at first becomes thick and red-brown, is converted into a light 
yellow orystalhno mass, which, after washmg with water, may be crystallised ftom 
boiling alcohol The transformation talces place more quickly when the phenol is 
dissolved in boiling water orm alcohol; but if alcohol boused, it is necessary, on 
.loeouDt of the readiness -noth which explosion takes place, to use more dilute hydro- 
olilorio acid, and to add the chlorate giadually (Hofm.inn) — 2 Erom Salntin, This 
subst.uioe IS dissolved, together with chlorate of potassium, in boiling water, and small 
quantities of hydi'oeblorio acid are added, whereupon the solution immediately acquu'es 
a deep orange-yellow colour, and becomes covered with a crust of small aystals of 
perchloroquinono, amounting to 30 27 per cent of the sabcin. If the saliein be first 
heated wth hydroohlono acid alone, saliretin is formed, which, when afterwards heated 
with chlorate of potassium, does not yield any perehloroqninoua (Hofmann). — 
3 Quinone, or the wash-water obtamod in its preparation (p 27), may also be boiled 
■with hydroohlono acid and chlorate of potassium. 

Pioperttes, — Perchloroquinono forms pale-yoUow scales, having a nacreous and 
metallic lustre. When gently heated, it sublimes completely without melting, but it 
suddenly heated, it melts, and suffers partial decomposition It is insoluble in water, 
and nearly insoluble in cold aleohol, but dissolves in boiling alcohol, forming a pale- 
yellow solution, from which it c^stallises on coolmg in iridescent scales resembhng 
iodide of lead. Ether dissolves it somewhat more readily than alcohol 
Perolilovoqmuone is not acted upon by hydrochloric, nitric, or ordinary sulphuric 
and, even at the boiling heat (Erdmann), hut dissolves without slteration Vi fuming 
eidphiinc acid, and in a mixture of sulphuric and nitric aeids (Hesse). Sulphurous 
and converts it into tetraohlor-hydroquinone or clilorhydranil (Stadelor), Sul- 
phurous anhydride passed through a worm mixture of tetrachloroquinono and strong 
alcohol, form's oetoohlorinatcd ethyl-dihydi-oquinone (iii 217), probably thus 

2C"G1‘0^ + C-'H'O -1 3H^O + 2SO» = C'’‘H»(C'=H“)G1»0* + 2H“S0b 
In like manner with sulphurous anhydride and glacial acetic and, it yields ootooHo- 
rinated acetyl-dihydroqiiinone (Hesse) A hot filtered solution of perohloroqiimone 
111 concentrated aqueous and sulphite of potassium ieposits crystals of thioohronate 
of potassium, G‘H'‘K'S*0‘'‘ (Hesse), thus. 

C“CPO> + 4SHKO» + 2ffO = C“H*K’S*0'* + 4HG1 + CQK 
A solution of tetrachloroqumone in concentrated acid sulphite of ammonium yields on 
cooling colourleea crystals, consisting of tlieammoumm-ssdtof dichloro-disulphosahcyhe 
and, C‘’H^ChS*0’, an acid which may bo regarded as derived from sulphosolioylic acid 
(C'H'O.CO''' SO’), by the substitution of OP for H’ and of SO’ for CO’ (Hesse) The 
maion of the ammonimn-salt takes place as shown by the equation : 

C'Gl’O’ + 2SH(NH*)0’ + 2SO’ + 3H’0 = C“H’(HH')-’CPS’0’ e 2HC1 + 2H’SO’. 



30 QUINOTANNIC ACJD. 


Perchloroquinone hpaled to 100° in a glass tube, with diy acetate of silver and a little 
other, yields chloride of silver mid dichloroquinoylic acid , probably tlnis : 

C'Cl^O’* + 2 C*H“AkO’ = 2AgCl + C^H»0» + 0“C1“0’ (Heaao.) 

PeroUloro- Acotaioof Acetic an- Dkliliircqiiliicyllc 

qulnone silver. hjJrMe. antijdrUlo 

Perchloroquinone dissolves easily in hot dilute potash or soda, forming a purple liquid, 
which on cooling deposits diddoroquinoylata (ehlornnilate) of potaBSiiini or sodiuin 
(P 31) ■ 

C'OTO* + 2H»0 = C‘H-CI’0' + 2HC1, 


It dissolves easily also in aqueous monosulphide of potassium, forming a yellow liquid, 
which in contact with the air quickly hums brown and finally black, and deposits a 
black granular powder. The recently prepared yellow solution yields, with hydro 
chloric acid, a yeUowish-white precipitate, solublo in alcohol, other, and caustic 
potash. 

i’erchloroquinone heated with aqueous ammonia is eonvertod into dichloroqninoyln- 
matc of ammonhun ; with alcoholic ammonia it yiulda the same salt, together with 
diehloroqumoylaraido (Laurent) • 

C“CPO' + NR’ + IPO = C"H'C1»N0» + 2HC1, 

Perchloro- “‘rmTcTu 

C'CPO* + 2NH* = C»IPCra'0“ H 2IIC1. 

Perchloro- Ditliloroi|umo)l- 


"With in presence of alcohol, pcrohloroquinono yields dipbenyl-diohloroquinoyl- 

diamide. (Hofmann, iv 426.) 

Qirzxfotwxc ACID. An acid obtained by SchoonbrouiU, CBiill, 

Soe Chun 1861, p 107), by heating qmiiono with potash, bub very iniperfoolly de- 
scribed. ‘When heated tilth excess of potash, it is said to yield abrown einpyrouniatio 
oil, insolnhle m water, and solidifying iii the cold to brown crystalline 

laminiB ‘With the vapour of fuming nitric acid, this oil forms a nitro-compound 
iiioohible III water ; .and from this, by the notion of zinc and sulphuric acid, a eolmirless 
base is said to be obtained, soluble in alcohol, insoluble in ether, slightly soluble in 
water, and forming uiicrystallisablo salts, which hate a sharp bitter taste, ami yield 
with potash or ammonia n procipitate insoluble in excess of tiui roiigcnt. 

The name quinoiiicacid is also used us synonymous tilth qiiinnylia iicul 
(p. 34) 

QVZXTOTAWrZC ACID, or Cinchonatamm and (Berzelius, lehrlmch, 
,8 Aull. vi. 246— Pollotior uud Oavontou, Ann. Ch I'hys. [31 xv. .837 —It. 
Schwarz, J pr Cheui Ivi 76.) — Cincliona-harks contain a tannic iieid diffi vent from 
gallotannie acid, which imparts to them tho property of precipitating tartar-cmctio 
greyish-yellow, colouring ferric salts green, and precipitating a soliifion of gelatin 
(Berzelius) The tannin, both from brown and from red cinchona-biirk, precipifiites 
ferric salts dark-green , tli.it from yellow einchona-bark forms a lighter green prccqntato 
withfeiiic suits. (Pelletier and Caventou) 

Prepaiatwn — The decoction of cinchona-hark is mixed with a small quantity of 
calcined magnesia, which precipitates cinchoiia-rod , the iiltrato is jirocipiintcd uph 
neutral acetate of lead , tho precipitate is decomposed under water by sulpliydric 
acid, the liquid filtered from the sulphide of lead is precipitated with basic lU’Ct.itii 
of load; the precipitate separated by filtration is dissolied in dilute acetic acid 
(M'hieli leaves cinchona-red undissolvod) , and the filtrate is precijiitated by imi- 
monia The light-yellow proeipitato is washed and decomposed by siilidiydi'ie acid, 
and tho liquid filtered from tho sulphide of lend is ag.un precipitiitcd by an ulcohrilie 
solution of neutral acetate of lead If tho quinotamiato of lead thus obUiiiied, lie 
decomposed under water by sulphydnc acid, and the liquid, filtered from llie siilpliidii 
of lead, be evaporated in vaeuo over oil of vitriol and a niixtiire of fcmnis Milpimhi 
and Inmps of potash, qninotannic acid remains bohiiid, hut already somoivliat altered. 
(Schwarz.) 

Oninotaiinic acid is a light-yellow, friable, very hygrovropio iniivs, whicli hecoiiics 
electric by friction. Its taste is slightly sour and somewliiit astniigciit, but not at nil 
bitter. It dissolves in water, alcohol, and ether , the i‘tliereiil solution is nearly colour- 
less. [The acid cannot be extracted from the baik by means of ether, beeimse it is 
m combination with an alkali.] Schwarz found it to contain 4t 7.'i per cent, oarbou, 
6 49 hydrogen, and 49 76 oxygen, nlieneo lie deduces tlie fnrmiil.i 0«11 "O’’ 

Quinotannic acid snlijoeted to dry distillation gives offiin odour of plimnl Its 
aqueous solution r.ipiilh absorbs oxygen fiom tho iiir, especially in presence of fixed 
alkalis acquiring a browii-ied colour, and yielding clnclioim-rcd [\ tUi'.l) A euiieeu- 
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tmtod solution of the aeid, boiled with a little hydrochlorio acid, deposits red flocks, 
which dissolve with green colour in allcaline liquids (Schwarz) ITrom the concen- 
trated aqueous solution, hydrochloric and sulphuric acids throw down compounds of 
quinotannic acid with those acids, but less easily than from aqueous gallotannie acid. 

Quinolunnie acid unites with bases, forming salts which decompose in contact with 
the air, much more easily than the gallotannates, yielding oinohona-red and a carbo- 
nate (Berzelius.) 

With starch, gelatin, and white of egg, quinotannic acid reacts like gallotannie acid. 
It eolouTS /otic salis greon, and produces an abundant yellowish-grey precipitate with 
tartar-emetic. Its aqueous solution mixed with gallotannie acid dries up to a transpa- 
rent varnish 

QiniffOVA-BITTBR, See QuiuOTIiI. 

QVIia-OVii-STrOAB. (Hlasiwetz and &ilm, Ann. Ch. Phann. 

CXI 182; Jahresb 1869, p. 681.) — k. saccharine substance produced, together with 
quinovio aeid, by the action of hydrochloric acid gas on qmnovin in alcoholic solution 
(p. 82). It remains in the aeid mother-liqnor from which the qumovic acid has 
crystallised out, and may he separated by quickly neutralising the liquid with anhy- 
drous carbonate of sodium or carbonate of lead, filtering, washing the predpitate with 
a small quantity of absolute alcohol, then distiBing off the alcohol, evaporating to 
drynssB at 100°, treating the residue with water, evaporating agaih, and exhausting 
the residue with absolute alcohol. The aleohohc solution thus obtained leaves the 
qninova-sugar, on evaporation, as an nnorystaUisahle hygroscopic mass, having a faint 
and slightly bitter taste. It emits an odour of caramel when heated, gives off a little 
water when exposed for some time to a temperature of 100°, reduces an alkahne 
oupno solution only when concentrated. It resembles mannitan more than any other 
kind of sugar. 

QUnroVATANKTIO ACID. A tannic acid obtained by Hlasiwetz (Ann. 
Oh. Pbarm.lxxis 180, Gm xv 484), fi'om the hark of Owteiona noua or 0. sieriimmen- 
sis It is very much like quinotannic acid, but differs from the latter in having a 
somewhat hitter taste, and innot giving a precipitate with gelatin or tartar-emetic It 
yielded by analysis 61'8 per cent, carbon and 6-8 hydrogen, whence Hlasiwetz deduces 
the formula requiring 62 01 C, 6 9 H, and 42‘1 O. 

QTTINOVATIO ACID. See QurNOViN. 

QVXlfOVXC ACID. (Hlasiwetz and Gilm, Ann Ch.Pharm. cxi. 

1829 ; Jahresb. 1859, p 679.)— This term was originally used as a synonym for 
qninovin or quiuova-bitter, hut is now applied by Hlasiwetz to an acid produced, 
together with quinova-sugar, by the decomposition of qninovin. 

When dry hydrochloric amd gas is passed into a solution of qninovin in strong 
alcohol, the liquid becomes hot, and deposits qumovic aeid as a white erystallme 
powder, while qumova-sugar remains in solution The qninovin may be obtained pure 
by washing it with alcohol, then boiling it with a largo quantity of strong alcohol, 
concentrating the solution by distillation, and leaving it to cool. The qmnovin is then 
deposited as a white sandy powder composed of six-sided lamiiise, belonging to the tn- 
metno system It is tasteless, insoluble m water, very slightly soluble in cold, and not 
veiw freely in boiling alcohol, sparingly soluble in ether. It has the properties of a weak 
acid, and dissolves easily in alkalis, hut is precipitated from the ammoniacal solution 
by strong acids as a bulky gelatinous mass, which beeomoB pulverulent when left for 
some time under the liqmd The ^cohoho solution is not coloured by ferric chloride 

Quinovio acid does not lose weight at 140° When somewhat strongly heated on 
platinum-fod, it molts and solidifies to a fissured mass ; at a higher temperature it 
gives off a vapour smelling like incense, and bums with flame, leaving no residue By 
dry distillation it first gives off an oil smelling like oil of turpentine, then vapours 
having an odom' of inoonso, and a thickish amber-yellow liquid, which condenses m the 
neck of the retort It is scarcely affected by hydrochlorio or oven by boiling nifrm 
acid ; it dissolves in sulphuric acid, and is precipitated therefrom by water. When 
triturated, or warmed mthphosphmto chloride, it liquefies, evolvmg hydrochloric acid, 
and on distdlation, gives off phoaphoric oxychloride, leaving a blackened residue 

Quinovates, — Quinovio acid is dibasic, the general formula of its salts being 
Itdissolves in alkalis and decomposes alkaline carbonates, but its amraonia- 
oal solution gives off ammonia on evaporation. The same solution gives precipitates 
with salts of the heavy metals . — Tllm potassianb-salt, 2C*<H“"E?013H-'0 (at 160°), is 
obtained as a bulky pas^precipitate, on adding strong caustic potash to a concentrated 
ammoniacal solution of the acid, also by concentrating a solution of the acid in potash. 
—The sodium-salt resembles it, and is obtained in like manner — ^The banum-, stron- 
tium-, and (.’afrswm-salifs separate as gelatinous precipitates, on adding the corresponding 
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clilovidfls to tho ammoiu.ical solution of the acid — inxe copprr-sdt is :i lijzlit-liluo piv- 
cipitate, whoso composition (at 120°) is approximately rcproscnti d by the tbnmila 
C-'H’'‘Cu"0'.6H?0. — Tho siluer-sfilt is a bulky precipitate, quickly eli.ingmg on 
exposure to light, and exhibiting when dried in a Taciium, iind then at 120°, tlic com- 
position C^'H®‘Ag-0^ 

QtriKrOVIlff. Qumova-htter, fonnerly also called Qiiiiwi'ic, Qmiwm- 

tic, or C'hiococcto acid. (Pelletier and Cayentou, J. Pharm vii 112. — IViiieklor, 
Eipert, Pharm li 193. — ^Buchner, jun. Ann Ch Pharni. xvii 101 — Peterson, 
thia. xvii. 166 — Schnodermann, i!nd xlv 277. — Eochlodor and Hlasiwclz, 
iljid Ixxn 23S — Hlasiwetz, Ixxoc 129. — Schwarz, iJid Ixxx 330 — lIl.iHi- 
wptz and Gilm.iAid cxi 182; Jahresb. 1859, p 678). — A substniioe diseoveied by 
Pelletier and Cavontoii m tho false cinehoiia-bark of coranieroe (Cmcitonii nova), 
found also by Schwarz and by Do Vrij (J I’liariii [3] xxxvii 265) in the true ciii- 
ehona-barks Aecoidiug to Eochlodor and lllasiwotz, quinoMii (or pishaps rather 
qiiinoyie .leul) is formed by tho action of acids and ulk.ihs on eiuiiein acid (i. 710) It 
may be extracted from false oinchona-bark by boiling with iiiillc of lime, prcciiiit.idng 
tho extract with hydrochloric acid, and piiriflod by dissolving the iircciint.ilem alcohol, 
roprccipitating with water, and repeating this operation till a pcrl'cetly colourless pio- 
duct is obtaiuod (Selin od orniaiiii ) 

According to De Vrij, the crude qiimova-bitler extracted from cinchona-bai'k may bo 
separated by chloroform into qiiinonn, soltiblo in that liquid, and o.isily soluble lu 
alcohol , and qiunoTio acid, insoluble in chloroform and only sparingly .soluble in alcohol. 
Ho obtained quiiiova-bit, tor from all parts of Cinchona Galmii/a, eultnutnd in .Tava 
from tho woody parts of the roots, 2 67 per cent. , from tho root-bark, 1 08 , from the 
wood of tho stem, 1 80 , from tho bark of tho stem, 0 38 , irom the bark of the woody 
branches, 0'68, fioni tho herbaceous st.ilkH, O'Sb , and from the dried leaics, 0 ‘i'll 
per cent The amount of qiiiiiov.i-bittor in the sovcral org.iiis (uxec]iting tho leaics, 
which cont.ain no alkaloids) is inyeiisoly proportional to tho quantity of alkaloids present 

Qmiiovln when dry forms amorphous fragments resomnling gum, It 1ms a lei^ 
bitter taste, is nearly insoluble in water, moderately soluble in cUm, yory tnlnble in 
alcohol, ami is not deposited from its solutions in tho crystalliiio state (.Sehneder- 
Toann). It is soluble lu oMoroJoron, and turns tbo piano of polapsation of a luimiiiais 
ray to tbo right, hut less strongly than quinovic acid. (Do v rij.) 

Tho analyses of qiiinoyiii (or qiiinoni-bittor) by different obomists do not exhibit 
yery closn iigreomont, probably because some of tho products oxamineil consisted of 
cTOdo qiiinoya-bitter, containing qmnovic acid as well as quinOMii. Scbnmlei iii.ian 
found 67'2per cent carbon, 9 0.5 hydiugcn, Illiusiwotz, GO 6 carluiu and 8 9 hyilnigeii — 
numbers agreeing nearly with the formula G’"II'“0“, which requires 67 2 carbon, 9 0 
hydrogen, and 11 9 oxygon. 

Qumovm yields by dry distillation a thick oil, haying a strong odour of ineonao and 
potrolenm, together with a small quantity of shining crystals. With nilnmi uoul it 
gives off red vapours , and on adding w.itor to tho solution, white amorphous ilorks aro 
precipitated, together with a resinous matter, no ox.dic acid is produced. 

When dry liydrochlonr acid gas is passed into tho alcohoho solution of quinovin, tliu 
latter is resell od into quinoiic acid and quinoi a-sugar (inusiwotz); 

0«oH«o« + H“0 - C^ID'O'* + C«IP“0'' 

QUIM'O'E'li. A diatomic radicle, which may be supposed to exist in quiiioiiti niiil its 
derivutivos, qniiiono itself being rcgiirdod as the hydride (CH'O®)"]!-, ilieliloroqiiiiioiio 
as tbo chloride of quinoyl (C“H''0®)"OP,ayiow which is in aecordanee willi ils reactions 
with alkalis (p 28), and perchloroquiiione in like manner as tho chloridn of diehloro- 
qiiinoyl (C“C1-0“)"CP 

H' ) ^ 

QumoviiAMIC ACXS, (CHI-O^^)" , 18 not known ; but d i o h 1 o r o q n i n o y - 

In 

lamicncid, OH’CraO* = (C“CEO»)"|" , also called diohhroqnmmamw achl, 

cliloramlam, and ohloranilamtc acid, was discovered by Erdmann (,T. pr. Obom xxii. 
287), and further examined by Laurent (Ann. Cli Piiys [3] m. .193). It is 
produced hy the action of aqueous ammonia on pcrchloroquinoiio (ehlnranil) 

C“01^0« + NH’ + ffO = C«H’C1'N(H + 21101. 

The resulting red liquid, when concentrated, deposits crystilsof dieliloroquiiioylamato 
of ammonium ; and on mixing a sntiir.ited solution of tins suit uitli livlroelilnrie or 
sulpUm'ic acid, dicliloi'oqiimoyl.imie neid is deposited on cooling in black needles eon- 
hmiiiig 2f!''H'CPNO“ 6H-0, liaTingiiflmi .ad,iniaiitiiio liistic and oftiu several inelios 
long it in.iy be piirilied bj cryst.illi.s.ition frnm Iioiliiig uiilei’ 
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DicUoroquinoylamio acid is slightly aohihlo in water, forming a violet solution, whioli 
preeipitates metallic salts. Caustic potash decomposes it, eliminating ammonia, and 
ioimiiig dicWoroqiunoyliite of potassium (p 34). It is not altered by hycboelilonc 
or siilpliiirie acid in the cold, hut at the boiling heat these acids convert it mto diehio- 
roquinoylic acid. 

Diclihrvquinoi/lumaU of Ammonium (or Cliloranilammxm) C“H=(NH'‘)Ca?N0''.2H*0, 
forms flattened chestnut-coloured shining needles, soluble with purple colour in water’ 
especially when waim The solution piecipitates metallic salts.— The hanum-salt 
is a hght-brown precipitate, solnhle with purple colour in hot water— The cnppersalt 
18 a greeni&h-brown precipitate, obtained by mixing the ammonium-salt with cupric 
acetate —The Ictfd-Mdt is a rod-hrown precipitate, the mimiroits suit a. Aiak-'hiami 
precipitate. Meroimo chloride does not form a precipitate with the ammonmm-salt — 
The silver-salt, G“H-AgCl’NO*, is precipitated m brown flocks, often ciystallme, and 
apparently easily deoomposible. 

QUrHOTriiAiaiBBS, l. Quinoyl-diamide, is not actually known, 

but would probably bo obtained by the action of ammonia on quinone in presence of 
alephol, in the same manner as its derivatives, described below Quiiione treated with 
dry ammonia gas takes np 2 at ammonia, and forms quinonamido, CffNO (p. 26) 

D tohloi oguinoyl-A\ amide, ^ ® ^ | N". Ihohloroguinonumiie, Chloranila- 
mide (Laurent, Eev. Soient, iit 141) — This compound is formed by the action of 
ammonia on peroMoroqninone (ohloranil) in presence of alcohol- 

(C«C1»0»)"0I» + 4Hff* = ^ auH^Cl. 

When a mixture of perohloroquinone, alcohol, and ammonia is gently heated, the 
liquid becomes red-brown, part of the solid substance dissolves (the solution contain- 
ing diohluroquinoylate of ammonium), whilst another portion remains in the form oi 
a brown-red precipitate This precipitate is washed with alcohol, then reJissolved in 
the liquid with addition of potash, and gentle heating , the hquid is filtered if neces- 
sary , and the potash is neutralised by au acid, while the liquid is still warm Diohlo- 
roqninoyl-diamide is then separated almost immediately, as a red-brown precipitate, 
the colour of which is finer in proportion as the quantity of alcohol used is larger, and 
the temperature of the bqnid higher Too great a heat must however be avoided, as 
above a certain temperature fhe product would be decomposed by the potash. 

Dichloroquinoyl-diamide in the dry state, is a crystalline powder composed of mioro- 
boopio needles of a deep oi’imson colour and almost metallic lustre It is insoluble m 
water, and nearly insoluble in alcohol and elhor. When cautiously heated on a glass 
plate, It partly sublimes, partly decomposes It is not attacked by hydrochloric acid, 
even at the hoihng heat. It dissolves in strong sulphuric acid, forming a violet solu- 
tion, fiiom which It IS almost wholly iireoipitated by water. Boiling potash eliminates 
ammonia, and converts the amide into dichloroquiuoylato of potassium. 

(C'E')" v 

Diphenyl-qwino^yl-diaTntdt, C'®H‘’NW => (C“HW)" vN*, is produced by the 
H’ j 

action of quinone on aniline, in presence of a large quantity of hofling alcohol : 

(C»H»)> V 

3(0“H“0=')"H“ -t 2(C«H'>)fflI = (CTa-O^y'^N* + 2C«H“0>. 


Dlphenylqulnoyl- 


Hydro- 


The resulting brown solution deposits the diamide on coobng, in red-brown scales 
having an almost metallic lustre, and the mother-liquor evaporated with hydrochJorio 
acid, yields a mixture of hydrochlorate of auilme and hydroquinone (Hofmann, 
Broc, Koy Soo. xiii 4.) 

iC«ff)« 1 

Siphenyl-diohloroqninoyl-diamide, C'»H'*C1W0* = (C'GFO^'bH' -This 

compound is produced by the action of aniline on perchloroqninone, according to the 
equation . 

+ 4C“H’N = C'OTWN'H' + 2(0“H’N.HC1). 

It was first obtained by Hesse (Ann. Ch Pharm. exiv 292; Jahresb. 1860, p. 283), 
who regarded it as dichloj o-quinoyl-pentapJienyl-pentamtde ; but Hofmann (loc cii) 
h.is shown tliiit its true formula is that above given It forms brown-black crystals, 
Buhliraahle, insoluble in water and m cold alcohol, ether, hydrocliloric acid, and 
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alkalis, Tjut sokblo in beiizano, ^ wbieli it may bo snparatod from nnotlior siibifiiuci', 
formed m tho same reaction. (Hosso ) 

QUINOVIiIC ACXB, or Qaminm add, ^ |0®, is not known, but its 

diehlorinated derivatiTO has been obtained. 

Dichloroquinoylic aoid,0‘K^GVO* = ]^0^.—DkMoroqt!.inmic acid, 

CMmamlic add (Erdmann, X pr. Chem. xxii 281),— Produced by the action of 
potash on perchloroqiunono, dichloroquinoylamide, or diehloroquinoylamie acid On 
adding hydroehlone acid to a solution of percliloroqiiiiioue in warm potm,Ii-ley, tho 
liquid turns red, and deposits dichloroqiunoylic aeidin ycllowiah-wlido imcicoiis scales, 
which, when collected on a filter and viewed in mass, exhibit tho colour of minium 

The crystalhsod acid contains VI per cent. (= 1 at.) water of crystallisation, whieli 
It gives off at 115° ; when heated in a test-tube it pni'tly sublimes unalterecl, but a cou- 
siderable porUon tirais brown and decomposes It dissolves in wati'r, forming a viob t 
solution, from which it is precipitated by sulphuric or hydrocliloric acid. 

Dichloroquinoylic acid is dibasic. 

The pulai,smm-salt, C“K“CPO' H'O, is deposited in crystals from a solution of per- 
chloroquinono in warm caustic potash on cooling, and so complotolj that tlm mol In r- 
liqitor retains only a very faint reddish or brownish tint. It is punilod by rcmysliilli- 
sation from water. The crystals do not give off their water at 100° Tho salt In ated 
on platinum-foU burns with slight detonation, giving off purple vapours. It dissolvis 
in water and alcohol, with purple colour, inclmiiig to nolet , loss freely in potash. Its 
aqueous solution precipitates several metallic salts— Tlio w/dra/ amwinnim-Milt, pro- 
duced by tho action of aqueous ammonia on pcrchloroqiiinoiio, crystnlliscs like the 
potiisBiuni-salt . , 

The haimm-salt is obtained by procipitation with chloride of barium, in red-brown 
niioacooiis scales, slightly soluble in boiling water. Cohalt-vihc, nicM-Milic, imd Jcmits 
salts are not pirecipitatod by dichlorojliiinoylate of potassium. 

Pernc dichlotoquinoi/late is a blackish precipitate, obtained with ferric nitrate, Tim 
otiprio salt is a grooni.sli-hrown, tho lead-salt a brown precipitate, Tlie mmtii ans salt 
IS n ycllowish-brown precipitate obtained with mercurous nitrate. Mercuric eliloridn 
gives no precipitate. — Tlio sifurr-.wi/f, C"Ag’01’0‘, is abrouii-ved pulverulent iweei- 
pitalo, which dissolves but very slightly iii water, forming a reddish solution. 

Q.TJIWTESSBHCB. Tho alchoniiats diatiiiguishcdlbur I'ssciiccs, answering lo tliu 
four AvisLotohan elninunts; to those Itiiimiiiid Xulhus added a fifth, imnifily aleuhol, 
denominatod qKiiiifa essentia on account of Its onliveiiiiig .lelioii. Tlieterm issometimes 
also used to denote tho thorapcntic constituents of any suhst.iiieo. 

QXrXKTTO. Prefix synonymous with Penta. 

QUXBXWtrs OXB. A kind of rock-oil or petroleum, of thickish consistence, so 
called from the Chapel of St. Quiriiuis, at Tegornseo, near winch it issues It is 
hroivmsli-yellow, olive-green by reflected light, and has a spooifie gravity of 0'836. 


R 

BACBMXC ACID, C*II"0“ = ^ Paratartaric acid. ITvicacid. 

7Vaubmsdure.—Aa acid, isomeric with tartaric acid, hut distinguished from 11m liiller 
by several characters, and chiefly by its optical properties, — taeturie acid i‘\liiliiliiigllie 
power of circular polarisation, whereas racemic acid is oplie.dly iimctne, hut may ho 
separated into equal quantitioe of doxtrotartaric and imvot.vrturio acids, t xerliiig 
equal .and opposite actions on polarised light. There is also a modifieal mu of t.irt ine 
acid, c.illed inactive tartaric «aif, likewise optically luuctno, hut not .sep.iiable into 
tile two optically opposite acids 

Eaceniic acid exists ready-formed in certain tartars, and was disenvered iii 1822 by 
Kestner, a manufacturer of tarbarie aeid at Tliann, m the Vosges, wlio oht.iined it iii 
large quantity from the tartars produced in the vintages of 1822-1821 It li.m siiieo 
been found by Kestner and otheis m the crude tart.ir8 of Aiislria, Hungary, .Smiiloiige, 
and especially of Italy, but never in such quantity as from those in winch it h as fir.st 
discovered. 

It is formed artificially by several processes — 1 Ky the direct eomhm.ilitm ol equal 
weights of dextrotartaric and bovotartaric .leid.— 2 Hy the action of Im.it on tartaric 
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ether, nud on the dextrotartnito or Isevotartrate of qnmino or cinchonine (Pneteur, 
Ann Gh Pharm Ixxn, 164, ]xj.xvui. 211) — 3. By heatang inactive tartanc acid to 
200°, or by boiling it -with hydrochloric acid (DoBsaignes, Bull Soc. Chim 1866, 
1 S4), —4 Prom oane-aiigar and other carbohydrates, and from mannite, dulcite, sorbin, 
mucio acid, and saccharic acid, by oxidation with nitric acid, sometimes alone, 
sometimes together with tiu’tarie acid (Carlet, E6p. Clum. pure, ii. 346, iv 17. — 
Hornemann, J pr Chem. Ixxxix. 283, Jahresb. 1863, p. 380) The following me 
the relatiye quantities of tartanc and racemic acids produced by oxidation of dif- 
ferent carbohydrates and of saccharic and mucic acids (Horneinann) • — 


Milk-sugar 

Cane-sugar 

Starch 

Dextroglucose 
IiCToglucose 
Saccharic acid 
Muoio acid 


In 100 pta of acid. 
Tartaric. Bacemlc, 
66'4 44-6 

63-0 87 0 

69 7 40 3 

100 . . 

100 . . 

. . 100 

72'0 27 4 

? 100 


Hornemann’s experiments confirm the supposition of Liebig (Jahresb. 1869, p. 
281) and of Hciutz 1800, p 269), that the formation of tartanc acid &om 
sugars by oxidation is preceded by that of saechono acid, and the formation of racemic 
acid ^ tliat of mucio acid 

5. By boibng dibromosuooinate of silver with water (Perkin and Duppa, Chem. 
Soo. Qu. J xiii 102) 

0^H*Ag^Br»0< -t- 2H'0 = CH'D* + 2AgBr. 

6. By heating an aqueous solution of racemo-carhonic (desoxaho) acid, or adilute solu- 

tion of its ethylio ether slightly ncidnlated with sulphunc acid, to 100° in a scaled tube 
for a consideniblo tame = CO® -I- (Lowig, Jahresb. 1861, p. 805). 

The acid obtained by the last two processes has not, however, been actually soparatod 
into doxtro- and Irovotartaric acid, so that it may possibly be inactive tartanc acid. 
The oalemm-Balt of the amcl obtained from dibromosiiccmio acid differs, also, in some 
respects from that of natural rueemic acid (Kekul6, p 37.) 

Propaiatzon , — 1 Prom crude tartar Eacemic acid accumulates in the motber- 
liquors obtained in the refining of tartar, and when these mother-bquors are treated 
with chalk, and the insoluble calcium-salt thus produced is decomposed by snlplnme 
acid, an acid liquid is obtained, which when concentrated yields crystals of laoemio 
and tartanc acids. In most cases the tartanc acid forms the greater part of the 


product, and is deposited in large transparent crystals, the spaces between which are 
more or less fiUed up with small, white, opaque needles of racemic acid By separating 
these needles, dissolnng them in water, and evaporating, the racemic acid may be 
obtained in large crystals 

2. Prom tartrate of cinchonine— This salt (either the dextro- or the lavo- 
tartrate), when subjected to a gradually increasing temperature, is first converted into 
tartrate of cinchomome (i. 97 1) ; and if the heat be continued, the cinchomeino gives off 
water, and is transfonned into cincbonidino, while the tartaric acid likewise undergoes 


alteration, and after exposure for five or six hours to a heat of 170°, is partly eon- 
Torted into racemic acid. To extract tins acid, the black resinous mass is treated 


several times with boiling water, the filtered liquid is mixed with excess of dilonde of 
calcium , the racemate of c.Tleium thereby precipitated is decomposed by dilute sulphu- 
ric acid ; and the filtrate is concentrated to the erystalliBiiig-point. (Pasteur ) 

Part of the racemic acid formed in the process jnst described is further converted 
into inactive tartanc acid, the quantity of the latter increasing as the heating is pro- 
longed ; and if the solution obtained as above bo filtered immediately after the addition 
of tho calcic chlonde, the inactive tartrate of calcium, which is more soluble than the 


racemate, remains in the mother-liquor, and sep.arates after 24 hours quite free from 
racemate. By decomposing this salt with snlphiirie acid as above, and concentrating 
the solution, the inactive t.artaido acid may be obtained in er^stalB. Now Dessaignes 
has lately shown (Bull Soe. Chim. 1866, i 34), that this acid in the free state is 
partially convei'ted by heat into racemic acid, although, when the latter is in combina- 
tion with certain organic alkaloids, the opposite transformation takes place If the 
in.ictiye tartanc acid, after being dried, be heated in a retort to 200°, till about a 
third of it lins passed off m the form of volatile products, a distiUate is obtained, 
consisting chiefly of pyroracemic acid (iv 770), and the residue consists partly of 
raceinie, partly of nimltered inactive tartanc acid On dissolving tins residue m 
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wti'i', imd half iioutralihing ivlth ammonia, acid raw mate of aniiiiuimon cryst.dlise.s 
out first, while tho more soluble inaclivo tartrate, coiistitiil mg uhuiit two-thirds of tlio 
whole, remains dissohcd Iiiaetive tartaric acid may also bo partly converted into 
racemic and hy boiling with hydrochloric acid. 

Piopcrtu's — ^Biicemie acid foiiris hydrated crystals, C^H'O” H®0, belonging to the 
triclimc sytem Dominant eomhinatioii <»',?. coPm. coP' 


sometimes with oP, F, and < 


Angle 'P oc 


152“ 61', < , 

32';'f,co ;oo',P = 
of axes, a . b ' 


___ = 129° sr, coP« ooF = 

U6°30', 'Fco- Pco = 111° 67'; 'F« • enP', = 113° 
107° 23', 'Fm oof oo = 84° 26' ; 'F co ■ a, ,P « 120° 32'. Il.itiu 

> 0 48434 . 1 • OS0602. Angle a = 120°; /3 =• 96° 19', y = 


123° 32'; co,T ; 'oo^^oo = 110° 46',“_w'^ ^ fc 


The crystals have a specific gravity of 1 690 (Piiigiiot, .Tahrosb 1861, p. 16) ■ they 
offloresco slowly on exposure to tho air, give oft’ all tlioir water of crystalhs.iLioii at 10(1°, 
dissolve 111 6 7 pis water at 16°, and in 48 pts cold alcohol of spccille gravity 0 80!) 
Ill these respects racomic and differs consider.ihly from tartaric acid, which foniis 
anhydrous monoclimc crystals, much more soluble in water than those ol nu'cmie m id 
Towards reagents racoinie .ind heliavos for tho most part liki' tarlaiic and Its 
calcium-salt is, howovor.loss soluble than the tartrate, so that raenme and prci ipitati s 
a solution of gypsum, wherc,i.s taitiirir acid does not. Pacemate of cahnnm is hkt wise 
insoluble in acetic acid, whereas tho tartrate is soluhlo On addiii!: aiuiiioiiia In a 
solution of calcic racemate m hydrochloric and, a crystalliiu) pivcipitale is foimcd m 
a few seconds ; whereas with the taitiatc, the precipitation docs not take pl.ieu lor 
several hours 

Eaceniic acid when heated .ihovo 100°, icmnins nimllercd up to 200°, and tlini yields 
the same products .is tartinic and , being coiivortrd, hi tore complrto deonmiiosition 
takes place, into tarhclic and, taclralic anil, and other pcodnets formed by alisd'actum 
ot water, which, however, have not been completely iniestigati'd (Woe 'L'liu uau Ai in ) 
AVhen a solution of iiontral ruconiiito ot .immonium is mived with a snuill iiuaiilify 
of the soluhlo portion of beer-yeast, or an alliumiiious body, a vegetable extract, or 
any ammiil hquid, and exposed to a tomperaturo of 30°, fcrmcntatiim takes place, 
and tho whole of the racomic and is eoiivurtod into Itevotartaric and f fa.stcur, 
.Tahresh 1868, p 248). The same transformation is produced when acid rncnimtc 
of iimuioniiim is fermented under tho mflnonco of I'mmHivm ylauoum (I'astimr, 
Jahrtsh 18B0, p 250 ) 

Saoemates. Baeemie and, hko tartaric and, is totmtoinic iiiid (lilmsie, the 
formula! of the lacomates containing inonatomie motals homg ■ 

11’ s 


Neutral Eacemutes C^UWO" = (G'ffO’V'LO'. 

M’ I 

IP s 

And Eacemates G'lPMO" = (GGPOni'kOk 
KM i 

With diatomic motak it forms only neutral salts, C'1I'M"0’ 

The nicemstes are very much like the oorrcapondiiig lartvatcs, Imt their crystalline 
forms are always holohedral, and their solutions exert no iictimi on polarisl d liglit, 
whereas the tartrates are hcmihedral, and e,\hihit. circular pohu’isaliim (si e Lii.H'r, iii 
676), Most of the racematoa have hcou analysed hy i'roseiiiuB (Aim Gli I'haviii 
xh. 1 , liii. 230) 

Sacemates of Ammomum — The witiral Milt, C'II'(Nir')'-O'), ohtamed hv sinm- 
tancoiis evaporation of a solution of the acid iieutiiilisod with aiiunimia, erj st.dlises m 
rhoinhic prisms exhibiting tho dominant coinhinatioii, t»P . cnr'2 , ,]' T'x) . 

speo Anglo oeP: ooP = 99° 30', mP • ait2 = 160° .60' , Pco Vos =, 118°, 
Poo 3Poo =169° Eaho of axes, « • 6 . c = 0 6687 1 0-8166. 'The crystals when 
exposed to tho airhocomo dull, and give oft ammomn tln-y are very soluble In u.iler, 
nearly insoluble in alcohol —The acid C‘IP(NH')0“, is precipil.itcil as a rrjstal- 
linn powder, on neutralising 1 pt of racemic and with nmminiia, and adding an i ijii.il 
quantity of the and. It dissolves in 100 pts water at 20°, and in a imieh snialh i- 
quantity of boding water It leddens litmus, and is msoluhle in alcohol hriMu an 
aqueous solution slowly cooled, it crystiiEisea in moiioelimc prisms, often aaBuming tlin 
tabular form from predomimineo of oP The decomposition of tho racemates of ammo- 
nium by feriiioiitatiou has been already described. ^ 

Sacemate of Antimony — "Wliite granular precipitate, old, lined by adding aleoliol 
to a solution of antinionioiis oxide in aqueous r.ieemic and. (Boraolins.) 
Tvtumo-anUnwmows Siwemate. 2C'H'(SbO)KO“,II-0, is obtained by eatmuluig a 
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toiling solution of acid racemate of potaasinm with aatimoniotts oidde, and orystallisea 
on cowing from a saturated solution m monoclinio prisms terminatad by the facets of 
a very obtuse octahedron. Observed combmahon, ooP . |P Angle ooP osP = 8S° 
20', a>P sP = 118° 2', 4P- iP = 140°, tho same behind ^ 142° 65'. Axes, 
a - b <! = 1 074 . 1 : 0 9217 (De la Provostaye). Like tartar-emetio, after drying 
at 100°, it loses 5‘6 per cent, water at 260°. 

Maaemates of Araemo and ihe Aljkali-meiala. — ^These salts are prepared 
by adding to a boding solution of a neutral racemate of alkah-metaJ, first a small 
quantity of arsenioua ioid, then racemic acid, and so on alteruately tiU a auffieient 
quantity of the double salt is produced, wbilo a large excess of acid racemate of the 
alkab-inetal remains in solution On evaporating the liquid, the double salt and the 
acid racemate are deposited separately — The ammontum-salt, 2C''H'(AsO)(NI[*)0“ 0, 
forma small effloreaceut crystals, soluble in lO'O pta of water at 16°. Its solution is 
decomposed by evaporation into arseuioiis acid and acid racemate of ammonium. — Tho 
poiuasium-salt, 2C'‘H<(A80)KO'‘ 3H-0, forms well-defined nacreous crystals, which 
oiflorcsce and give off 4 23 per cent water at 100°, the remainder of the erystallisahon- 
water between 166° and 170° — Tho anhydrous salt may be heatedi to 260° without 
alteration, but at 256° it gives oflf water aud empyreumatic pro ducts. It dissolves in 
a very small quantity of hot water, but the solution is partially decomposed by evapo- 
ration, acid racemate of potassium being deposited, while arsenious acid remains 
in solution The crystals dissolve m 7’96 pts water at 16° — The soimm-sali, 
2C'H‘(AsO)NaO“ dH-'O, forms large non-efllorescent crystals, which dissolve m U’6 
pts, water at 19°, give off ^ths of their crystallisation- water at 100°, and the remaiudei 
at 130° (Werther, J. pr Ohem xxxii. 386.) 

Eaoemate of Barimn, 2C*H*Ba"0“.6H°0.— Eacemie acid forms with baryta- 
water, white flocks, which dissolve in excess of the acid; but the solution soon becomes 
turbui, aud deposits the whole of tho havium-solt as a crystalline precipitate. The 
same precipitate is formed on mixing racemate of sodium with chloride of barium. 

Racemate of Catotum. Ca"0'’ 41PO — Obtained m the same manner as the 

barium-salt. Aqueous raccmie acid also gives a precipitate after awhile, with sulphate 
of calcium Kacamate of calcium assumes the form, either of an amorphous precipitate 
or of fine needles The crystals give off tlieir water (27 76 per cent ) at 200°. The 
suit IS nearly insoluble in cold water, but dissolves in hydroolUono acid, and is precipi- 
tated therefrom by ammonia. It is insoluble iii acetic acid, and likewise in excess of 
racemic acid, after it has become crystalline. The calcium-salt of racemic acid pro- 
duced from dibromosiioeiuic acid (p. 36), crystallises from boihng water in onbio 
crystals containing C*H'‘Ca''0'‘ 3H*0, whereas that of natm'al racemic acid sepaintea 
from boiling water in small white prisms contiining 4 at. water. The artificial oaloio 
racoiniite, when dissolved in hydrochloric acid and precipitated by ammonia, bkowise 
forms prisms with 4 at. water, but on recrystalhsatiou from hoiUug water it assumes 
the cubic form with 3 at. water. The calcium-salt of the artificial acid is also some- 
w hut more soluble in water than that of the natural acid. (KekulA, Jahrosb. 1861, 
p 364 ) 

Racemates of Chromium. — ^The violet solution of chromic hydrate in racemio 
acid loaves on evaporation a molet crystalline mass soluble in water; alcohol added to 
this solution throws down a violet basic salt, which blackens in diying, and dissolves m 
water only on addition of racemic acid — WithpoiosA, racemate of cliromium forms a 
solution which leaves a dark-wolet mass on evaporation, and is completely precipitated 

Racemate of Cobalt — The solution of recently precipitated cobalt-oxidB in 
racemic acid, yields by evaporation a pale red crystalline crust, soluble m water 
eontiunuig raconiio acid , it dissolves also in potash, forming a violet solution, which 
on dilution deposits a duigy-blue precipitate. 

Racemates of Copper — a The cupi-ous sedt is obtained by digesting cuprous 
oxido with racemic acid m a tightly-closed vessel. It is moderately soluble in water, 
aud 13 deposited on cooling m colourless rhomboidul prisma. When exposed to the au' 
it 13 converted into the cupric salt. 

B Cupno RacemaUs — A mixture of the hot solutions of racemic acid and 
cupric sulphate, deposits, after a while, pale-green tabular crystals A dilute solution, 
of cupric acetate forms with racemic acid pale-blue needles, containing 0*H^Cu"0®.2H’'0 
This salt gives off its water at 100°, dissolves sparingly m water, easily in hydro- 
chloric acid ; the solution when mixed with potash assumes a fine blue colour, and is 
not deeolonsed even at the boibngheat Alkaline racemates form a green precipitate 
with cupric salts 

Cupric laoemate dissolves in caustic alkalis and alkiihne carbonates. On adding 
alcohol to a saturated solution of the salt in caustic soda, dark-blue needle-shaped 
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crystiils.are deposited on the sides of the vessel, and light-hlue tables at the bottom ; 
both consisting of the salt, 0''II'‘Na’0".Cu''0.4H’0, sparingly soluble in cold, more 
soluble in boihng water, and depositing cuprous oxide when boiled with excess of 

Saoemates of Iron. — Ferric hydrate dissolves in racemic acid, an insoluble b.iaic 
salt being formed at the same time. The solution when evaporated leaves a brown 
amorphous mass, easily pulverised, veiy soluble in water, not precipitablo by alkalis. — • 
WithpoiasA, ferric racemate forms a dark-brown, granular, deUi][uesceut double salt, 
soluble in racemic acid. 

Bacemate of Lead, C'‘H*Pb"0" (at 100°). — On adding racemic acid drop by drop 
to a hot solution of lead-acetate as long as the precipitate redissolvcs, and cooling tlio 
filtrate, racemate of lead is deposited in shining gi'ains or dohcate noodles, sohiblo in 
hot aqueous r.icemic acid. 

Bacemate of Magnesium, 0''H'Mg"O''.5IPO — A solution of magnosuim-ciirbo- 
nato in the boiling aqueous acid deposits this salt on slow cooling in siniill right 
rhoinboidal prisms , by quick cooling or prolonged evaporation ns a wliito powder It 
efflurescos in dry air, gives off 4 at (27’21 per cimt) water at 100°, tlio rest without 
decompusitiou at 200°. It dissolves in 120 pts. water at 19°, in a small qiiaiititj of 
boilmg water, is insoluble in alcohol, dissolves in racomio acid, but the solution 
deposits nothing but the neutral salt and tho ftoo acid. 

A saturated solution of magnosiiiiu-carbondto m an acid racomato of alkali-mrtal 
yields by slow evaporation, a syrupy muss, which gradually olmngos on cooling to an 
amorphous double salt, from which water extracts but a small quiintity of alkaline 
racemate, even at the hoUing boat. 

Bacemate of Manganese, C‘H*Mn"0'' H'^O. — Obtained by evaporating a solution 
of manganous acetate mixed with racemic acid, in yellowish-white crystals, per- 
maiiBiit in the air even at 100°, shghtly soluble in water, easily soluble iii acids and 


Raoamate of Meraury. — Racemic acid forms with mercurous nitrate, a wliito 
heavy precipitate, which becomes coloured on cxposime to light, is insoluble in water 
and in racemic acid, but soluble m nitric acid. 

Baocmate of Nickel, C<n'Ni"0“.6H®0, is obtiunod, like the manganoiis salt, lu 
green needles, which effloresce slowly at ordiniii'y tempcratiires, rapidly at 10(1° It is 
but slightly sohiblo in pm'o water, more soluble iii water containing r.iuiimic acid. 
It dissolves with green colour m potash, also in hot aqueous oiirboiiato of Sndium, 
the liquid solidifying to a gelatinous mass on cooling. 

Baeemates of Potassium — Tho neutral salt, C‘H‘K'0“.2n“0, crystallises by 
slow evapor.ition, according toP.istour, in six-sided tables belonging to the Irirnetno 
system, and exhibiting the combination oP . ool>oo . coP. Angle cof'us ■ = 

128° 20'. According to v. Lang, on tbo other band CWion. Alcad Her xlvi [2 1 81 , 
.Tahresb. 1862, p. 305), the crystals (with the same amount of water) arc moiioeliiuc, 
exhibiting the combination ooPoo [ooPoo] . oP [P«l [2Pco] . ®P . mI’S — 
-i-P.+PZ Axes (I • 4 : fl = 1 • 0'91,84 0 7586. Anglo of inclined axes = 92° .'j.'/ . 
[P«>]-[coPoo] =97° 9', [2 Pod] . [®P«i] = 140° 65'; i2P« ) oP = 122° 5(1', 
a.P : eoP® = 137° 67'; mP • oP = 88° 6', ®P£.oP = 87° 41)', -P nl> = 
1 32° 43'. The cryst.vls dissolve in 0 97 pt. water at 25°, are nearly insoluble in alcohol, 
and give off all their wiiter at 100° Miuor.il acids or racemic acid added to llic solu- 
tion throw down the acid racemate. — Tho acid salt, obtained like the eorresimmliug 
iimnioninm-salt, forms crystals soluble in 180 pts of water at 19°, in 139 pts, at 25°, 
and in 14 3 pts of boding water , it is insoluble in alcohol, but dissulvea easily in 
mineral acids. 

Bacemate of potassium and ammonium, G''H'K(NH‘)0“, is obtained by slow nvapii- 
rahon of a solution of tho acid potassram-salt saturated with ainmonia, iii acieiilar, 
longitudinally striated, rhombic prisms, having tho angle . ®P = 130° 40', and 

not modified at tho ends. (Pasteur.) 

A raceimbuiate of potassium is obtained, according to Fresenius, by ovaporaling a 
solution of 1 at bone acid and 2 at. acid potossic racemate, at 100°, ns a wliite, luid, 
almost crystalline, friable mass, voiy soluble hut not deliquescent Similar )iruduets 
arc obtained by evaporating a solution of borax and acid racemate of potasbuini or 
Bodiiun. (Fresenius.) 

Bacemate of Silver, G'H'AgW — When a warm moderately strong solution of 
the acid potassium-salt is added to a solution of silvor-mtr.ato hc.ated to 80° or 85°, till 
the precipitate begins to ho permanent, tho liquid on cooling deposits raoem.ite, of 
silver in fine shining scales, le.ss soluble in water than Hie tartrate, auluble in 
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Racemates of Sodium . — ^The newhrdl salt, C*fC'*ira*0*, crystallises readily m 
anhydrous rhombic prisms soluble in 2'63 pta. of water at 26°, insoluble in alcohol. — 
The acid salt, G'ffNaO'' ff 0, is preeipitated by alcohol from a mixturo of equivdeut 
quantities of the neutral salt and racemic acid, and may be obtamed, by reorystallisa- 
tion from water, in monoolmio prisms with striated faces. It has a pleasant acid taste, 
gives off its water (9 41 per cent) at 100°, dissolves in 11 3 pts water at 19°, in a 
much smaller quantity of boiling water, but is insoluble in alcohol. 

Sodio-ammomc and Sodio-potassio racemates exist only in solution, being separated 
by reoiystalhsation into mixtures of equal quantities of the corresponding doxtro- and 
laivotartrates 

Racemate of Strontium, C‘H''Sr''0'’.4H®0. — ^Precipitated by racemic acid, from 
Strontia-water in white flocks, and by the neutral potassium-salt from chlonde of 
strontium, as a crystalline precipitate. It gives off its water (22 87 per cent ) at 100°, 
is nearly insoluble in cold, and only sb’ghtly soluble in boiling water, dissolves easily 
in hydrochloric acid, but is insoluble in acetic acid. 

Racemate of Thallium forma small, closely-aggregated, easily soluble crystals, 
resembling those of the neutral ammemum-salt. coP ; mP = 100°. (Do la 
Provostaye, Ana. Oh. Pharm cxxvi 79.) 

Racemate of Tin is very soluble and erystalbsable. 

Racemate of Zinc — ^Baeemio acid dissolves zinc with evolution of hydro|Bn, and 
the solution yields by evaporation colourless needles of racemate of zinc. Eaoemio 
acid forms with acetate of zme, a gelatinous precipitate, nearly insoluble in water and 
difficult to di’y. 

mtroraoemlo aold. 0<H*(N0’)*0‘>. (Dessaignos, I. Pharm. [3] xxxii. 46). — 
Prepared by quickly disaolving perfectly dehydrated and finely pulverised racemic acid 
in lukewarm mtrio acid of specific gravity 1 62, and mixing the decanted solution with 
half its volume of strong sulphuric acid The resulting magma dried between bucks under 
a bell-jar, forms a light white sillcy mass, the saturated solution of which m lukewarm 
water yields, when filtered and cooled to 0°, nacreous prisms, thmner and shorter tlian 
thoso of nitrotartaric acid. It has no action on polarised bght. In aqueous solution 
it decomposes, giving offgas and yielding tartromc acid, together with other products. 
It dissolves without decomposition in absolute alcohol, and crystallises therefrom by 
spontaneous evaporation, in small plates composed of microscopic crystals. It forms a 
precipitate with basic acetate of lead, but not with acetate of potassium, calcium or 
lead, or nitrate of silver. The ammonium-salt decomposed by sulphydrio acid, yields 
raoemioiand tartaric acid. 

RACHiaiO itXHXlKS. The only known compounds of this group are the acid 
racemates of ethyl and methyl. 

Ethyl-racemic acid, or Racemovtnto acid, =■ C'H‘(C®H*)0® (Guirin- 

Varry, Ann, Ch Phys [2] Ixii. 77). — ^Produced by boiling 4 pts. absolute alcohol 
with 1 pt of racemic aoid, and cohobatmg the mixture in a retort at a gentle heat till 
the liquid evaporated to a syrup no longer deposits any solid matter on cooling. It is 
then diluted with water, and saturated with carbonate of barium ; the filtrate is evapo- 
rated at 50° or 60° ; and the crystallised ethyl-racemate of banum thus obtained is 
decomposed by sulphurio aoid 

Ethyl-racemrc uoid (>17610111663 in colourless elongated prisms with obliquely inclined 
bases, deliquescent, very soluble in water and in alcohol, insoluble in ether The solu- 
tion has no action on polarised light, and is decomposed by ebullition into alcohol 
and racemic acul, which crystallises out 

Ethyl-racemic aoid is decomposed by dry distillation, yielding alcohol, water, ethylio 
acetate, acetic acid, ethylene gas, pyroracemic acid, &c — Rhine acid converts it into 
acetic, carbonic, and oxalic acids. Its solution dissolves sine andiron, with evolution 
ofhydiogen, yields with potash a pulverulent precipitate, and with soda an opahne 
precipitate, which appears just before the liquid becomes neutral, and increases with 
tlie quantity ol acid added. 'When added drop by drop to baryta-water, it forms a pre- 
cipitate, which diminishes as tlio liquid approaches neutrality, but reamiears when tho 
acid IS added in excess Tho precipitate is soluble in nitric acid — With lime-water 
ethyl-racemio acid forms a precipitate insoluble in water, and in excess of tho acid, 
hut soluble in nitric acid The acid does not produce any turbidity with calcic or 
sodic sulphate. It forms a white precipitate with acetate of lead, and with a concen- 
ti’ated solution oi nth ate of silver 

Ethyl-raoemic aoid is monobasic. Its salts crystalhse, hut not so well as the 
ethyl-tartr.ites : some of them contain water of crystaDieation, which they give off m a 
vacuum.— The banum-salt, C'^H'WO" 2H*0, crystallises in small prisms airanged 
in nodular groups. It, is mmih more soluble in hot than in cold water, insoluble m 
absolute alcohol and m ether.— The •potassium-sali, C"H"IIO’‘.n=0, forms prisma, 
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apparently monoclinie, gives off 7'60 pni’ cent water in viioiio. — The sih'Cr-salt, 
tJ"H'’AgO“, crystallises in prisms slightly soluble in cold water, decuinpoBing at 100°. 

MethyUracemio acid, C»1I»0“ «= C*H®(0n’)0“ (Guinn- Varry, ho. oit) — 
Prepared' by dissolving 1 pt of racemic acid in 1 pt. of methylie iilcoliol, at the 
boiling heat, evaporating to a syrup at a temperuturo below 100°, leaving tho 
syrup to evaporate freely, and drying tho resulting crystals in a vacuum. It forms 
colourless rectaiiguhir prisms truncated on the longitudinal edges, and passing 
into rhomhoidal prisms It dissolves easily m watir, alcohol, .uid wood-spint, 
shghtly m ether. By boiling with water, it is resolved into motbylic alcohol and race- 
niieacid. Its aqueous solution decomposes stnc and j»oji,with ovoliitioii of liydrogen 
"With larijta-vxder, it forms a preeipitato soluble in excess of the acid, and in water; 
yfydaXimc-water, it forms a precipitate composed of riidute groups of ncioiilar prisms, 
jnsoluhlo m excess of the acid, Methyl-racomic acid does not precipitate caustic 
soda or carbon.ato of sodium. 

Mcthyl-racemute of Barium, C"’II'*Ba''0'-'4IPO, crystallises in monoeHiiic prisms, 
which give off part of their crystallisation-water on exposure to the .iir. IVbeii not 
efflorosccd, it softens at 60°, and at 100° gives off vapours, wliioli poiirten.sc iii beaufiful 
crystalline lamuiic. It is more soluble m hot than in cold water, insoliihle in ali'nliol 
and ether — ^Tho lead-soli is precipitated on pouring metliyl-racomic r.oid inlo a solu- 
tion of lead-acetate , tho precipitate rcdisaolvos in excess of iicnl — The potussuim-snlt, 
2C®II’KO“.H‘'‘0, forms rectangular prisms, which are decomposed, by prolonged I'hiiiii- 
tion with water, into mothylio alcohol ond acid riicem.ito of potassium Methyl-racemic 
acid added to aqueous potash forms a pulverulent precipitate soliihlo in a largo quan- 
tity of wator —The sihei-scdf, C*HhVgO“, is precipitalod on adding mcthyl-racomio 
acid to a moderately concentrated solution of silver-mtrato , it is solublo iii excess of 
niothyl-racemio acid. 

BACBMOCABbOWIO Acn>. Besoxahe acid, = (C^n’O')" | 

(Tjowig, I pr Cliem Ixmx. 455, Ixxxiii. 129, Lxxxiv. 1 ; Jahresh 1800, p. 404 ; 
1881, p 601 ) — This acid, which contains tho elements of rneemic acid anil oarhonio 
anhydrido (C“H“0" = C'H.'’0* + CO’“), is produced in tho form of an ctliyhe ether, 
by the action of sodiura-ainalgam on othylic oxalate. It is probably formrd by tlio 
deoxidation of oxalic acid, thus . 

+ H=0 - 0“ = 2C‘IP0S| 

whence tho name desoxaltc acid, hut the reaction is complicated, yielding a minilier of 
products which have not been thoroiigldy iniestigated 

Preparation — An amalgam of 30 grins sodium and 800 to 2,(i00 grms increiiry is 
agitated in a glass oyliiidor with about au equal part of ethyhe o.\ahil u, I he niiiss being 
hopt cool by occasionally plunging tlio vessel luto cold w.iter, tlio re, suiting iiiieliioiis 
mass is stiri’ed up with ether, the liquid is decanted from the ineicury , the residmi is 
treated several times moro with ether, the united ethoroal liquids luo left at vest for 
a while ; and the dariflod solution, decanted from the sodimoiit, is ropealeillj and i lu- 
lently agitated with small qu.intities of water, tiU a pasty mass no longer sep.ir.iti-s 
ftom It, and the ethereal solution rises to the siu'fnce freo from colour This etheronl 
solution, when freed from the gre.iter part of tho other by dnstillation, iintl luf'l to i va- 
porato in a warm plaeo, deposits, after a while, large transparent shimiig crystals of 
et hylic raeemocarhouate, which mcreaso iii qiuiitity on further evaporation, vvhilo 
the nncrystallisable portion thickens to a yellow syrup 

The othylic racemoearhonate may ho eoiueitcd by heating with carlioiiate of imlas- 
Slum, or by tro.itment with caustic potash, into alcohol and rnt'einnciirlinii.ilo of pntas- 
siitm , the solution of this salt, precipitiiteil by nitrate of load, yields the corresponding 
lead-salt, and this, when decomposed by sulphurottod liydiogeii, yields racomuear- 
honic acid, tli,e iUtorod solution of which may ho made to crystuilise, liy llrat, eviipo- 
rating it at a gentle boat over the water-bath, and then leaving i t under a holl-jur in ef 
oil of vitriol. 

Properties and jffcuefr'ons,-— Uiiecmociirhomc acid thus obtained is a di^ I'rystiilliuo 
mass, yielding a dazzling wliito jiottdor It is very soluble in u liter iind lu alcohol, 
and dcliqui'bces in tho air It softens at tho heat of tho w.itcr-hath, mid at a soinowli.U. 
high tomperatui'o hocomos dark-coloured; swoUs up, giving off an odour like that of 
humt tartaric acid, then carbonises, and burns with a f.iintlj liiminou.s flanio, leaving 
no residue. When its dilute aqueous solution is heated for aomo time to 100° in a 
sealed tube, it splits up into racemic acid and carbonic anhydride. 

Bacemocarhonates. — Eaceinocarhonic acid is Iribasic, tlio formula of its noiitriil 
salts being O'lPIiPOs Idcowisn forms acid and basic suits — The iieidral /inlu'.siiim- 
salf, C"Il'Jx’0“, foriiied hi diicnt iieutrahsatiuii, or by deroinposiiig the elhplic etliir 
with caustic potash, oi hoihrig if. uilh )iot.i-,sic carlioinite, leni.iiim, on le.iring its 
aqueous solution to ei .ipoi.ite, as a giiinniy iinns'i, uhieli becomes cryslal'lino after st.iiul- 
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ing over oil of Vitriol, and dries up at 100° to awhite porous mass The solution yields 
the barium-, lead-, and silver-salts by double decomposition.— An acid potasdum-sali, 
C*II''K“0’, 13 obtained by decomposmg the etihyhc other with a solution of potash m 
absolute alcohol, as a viacid mass, which dries up to a dazzling whito powder, becom- 
ing moist on exposure to the air. The same salt is obtained in shining white crystal- 
line crusts, by supersaturating a solution of racemoearbonic acid in potash with acetic 
acid. It has a slightly soui- taste, dissolves in IS i pts. water at 16°, and does not 
decompose bU heated above 100°. — ^The neutral sodium-mlt is very soluble, and decom- 
poses at 130°. — The banum-salt, C‘"H“Ba''0"’, and the caleium~salt, 0"'H“On“0'‘' 3H-0, 
are white powders When raeomocarbomo acid is mixed with excess of lime-water, 
and the bulky precipitate is dissolved m a few drops of hydrochlorio acid, the solution 
instantly yields with ammonia a flooeulont precipitate of calcic raeemoeorbonate, 
whereas the racemate is precipitated under similaT circumstances as a heavy eiystallina 
powder, and only after the lapse of a few seconds . — The neutral lisad-eaU, 

IS when dry, a dazzhng white powder, not quite insoluble in hot water. It appears to 
retain 1 at. water at 100°. — A basic lead-salt, C'“H“!§b”0'“.0'“H*Tb^0'", is obtained as 
a bulky precipitate, by heating the aqueous solution of the ethylic ether with basic 
acetate of lead. — The neutral suver-aalt, C‘H’Ag*0“, is a white precipitate, soon turning 
black when moist, slightly soluble in water, 6.isily soluble in dilute nitric and m raceiuo- 
carbonio acid, the latter solution depositing a mirror of silver on standing — A some- 
what more Soluble acid stiver-salt, GWAg'‘0®, is obtained by precipitating the corre- 
spoudiug potassium-salt with nitrate of silver. — The precipitates formed in the solution 
of the neutral potassium-salt by the sulphates of sine, copper, and manganese, dissolve 
ill excess of the precipitant. 

Ethylic Raoemoearbonate, prepared as above 

dosoribed, forms large, ti'ansparent, colourless, highly lustrous ciystals, which resemble 
olilorato of sodium, but do not appear to belong to the regular system. They retain 
their lustre for months, dissolve in 10 pts. water at 16°, also in alcohol and ether, 
have no odour, but a strong purely hitter taste, melt at 86°, forming a liquid which 
solidifies again at 86°. When the fused compound is exposed for some time to the 
licat of boikng water, it remains after cooling ns a thick oily liquid, which does not 
solidify for a considerable time The ether may he sublimed by careful heating ni .a 
glass tube, but if boated for some time to 140° — 160°, it yields on cooling (without 
loss of weight) a perfectly colourless, syrupy, extremely bitter mass, which no longer 
solidifies. When distilled in a retort, it leaves only a trace of oavbonneeoiis residue , 
the distillate is oily, has a bitter taste, end does not appear to contain racemoearbonic 

Ethybe racemocarbonate heated with baryta-water, caustic alkalis, or aJialine car- 
bonates, IS decomposed, yielding alcohol and a racemocarbonate of barium, &c (p 40) 
Wlieu a dilute solution of the ether, shghtly acidulated with sulphuric or hydrochloric 
acid, IS heated to 100° in a sealed tube, the racemoearbonic acid is resolved mto car- 
bonic iinhydi'ide and racemic acid If, on the other hand, a concentrated solution of 
the ether is used, only partial decomposition takes place, ondLowig thinks it probable 
that an acid intermediate between racemoearbonic and racemic aad, or perhaps a com- 
pound of the two, may be formed "When a dilute solution of ethylic racemocarbonate 
cmitaimng a little sulphuric or hydrochloric acid, is boiled m a platinum dish, scarcely 
any gas is evolved, so long os the water lost by ev.aporation is renewed; but on subso- 
C|Uently concentrating the liquid, it becomes darker and gives off gas. The syrupy 
liquid remaining, after the hydiochlone acid has been completely expelled, solidifies on 
cooling to a brittle friable mass, easily soluble in water , and if the concentrated solu- 
tion be left to evaporate, a tolerably abundant crystolhaation of raeoimo acid is 
obtained , the greater part, however, forms a syrupy acid, which dries up over oil of 
vitriol to a translucent mass, and yields a silver-salt having the composition of silver- 
racemate. 

The yellow syrup (p, 40), obtained together with the crystals in the preparation of 
ethyho racemocarbonate, is an unciystiUlisable modification of that compound By 
beating it witli strong hydrochloric acid, and then evaporating off the whole of that 
acid, a very acid syi'up is obtained, which dries up over oil of vitriol to an amorphous 
transparent mass, easily soluble in water. The acid thus obtained is isomeric with 
racemic acid, but is distiugushed from that acid and from racemoearbonic acid by its 
reaction with lime-water, yielding therewith a precipitate, which when dissolved in a 
small quantity of hydrochloric acid is not roprecipitated by ammoni Moreover, it 
does not form a sparingly soluble acid salt with potash. (Lowig.) 

BADIATIOKT ATII» COWDtfOTlOW OP BEAT. There are various modes 
in which heat may be transferred from one place lo another Of all these, the most 
easily intelligible— in the sense of our being able Aearly to coiieeno and foUow the 



42 


RADIATION AND CONDUCTION. 


several parts of tbo process — consists in tlic bodily niovcment of healed nnitti'i'. A 
Tory important case of the transforonce of boat in tins manner is presented by the su- 
oallod phenomena of cmorxtimi, upon which the distributimi of heat m liquid and 
aeriform bodies almost entirely depends. Another way iii which the motion of material 
bodies mav mtcriene, as the medium of the transference of Jieat, is oxhilnted in many 
cases of tho ovolutioa of heat by meehamcal means. For instauco, if a steam-cngiiiu 
is employed to overcome friction, or to do other Work in opposition to moleciiJar forces, 
and so to develop beat, tho pirocesa may be correctly described, so far us the goiienil 
result is concerned, as consisting in the transfer of part of tlio ho, it of eomliii.stion of 
tho coals, from tho furnace to tho place where the hcat-prodiieiiig work is performed. 
Li other cases, again, electricity is the medium of the tran-sfcrenco of hciit from oiio 
place to another. But, in addition to all these various ways in which tlio motion of 
float may he brought about by the action of otlior form.s of energy, flieru are two dis- 
tinct ways in which it Can occur without the interveution of energy in any other fonii 
These iiro Eadiation-, or tho .sponbinuous ouUlow of heat in .ill direelioiis nliich is 
eoiiskiiitly taking place at the free surfcico of malerial bodie.s , mid fkiMiiii'i ion, nr llm 
prop.igation of hoiil by cominuiflc.ition tbrongli the snhst.ineo of nmtiniil bodus, 
whereby tho linnporutnro of nvery mass of matter tends const, intly In hecoiiio uniform 
tlivonghout Wo sli.ill attempt la this article to stiito tho most important laws inni 
conditions by wbich tho traiiefcrciice of heat m these two ways has been found to ha 
dotoniiuod. 


The radiation of heat is a plioiimnenon completely iinulogoiis to tlio riidiation of 
light; in fact, all tho known properties of r.idiaiit heat .tiid oi light j'oint to llie con- 
clusion, that tlic.ro is no diffcrciicn of a fund, iment.il kiiicl hotiieeii them And if, as 
bueins inevitahlo, ivo adopt the liypothosis th.it teinper.iture m nialerial bodies consists 
111 a vihr.itory or other nioiemciiL of their particles (III Ai', in 131), we must regard 
iMdiiitioii, whcnlier of lu'.it or light, , is due to vihratiims of the liiiniiiitermm el her 
(Limit, in. 6SU), n-vcilod by tho heat-viSnitioiis of tho parlieles of ordinary matter, and 
propagated by the other in all directions from their mmron. Aivording to this view, a 
radiating body m.iy be cmnpaved with a vihrutmg tmmig-fuvk, or nlhm' Hunreo of 
BOiniil , and tho rays of heat or light which it cunts, with the progressiM' nmluliitions, 
coiistilntmg waves of soimd, which the vitimtions of the soimdiiig hmly e\eite iii the 
air Thu cooling ot ,i heated body by rudi.itimi wouldllms aiiRwer to IliegiMilu.il dyiiig- 
out of tho vibrations of tlio timmg-lork, as U gives up its uiolioii to llui uir aiiv eir- 
cumstauce whieh iiicri'usea tho r.ilo of radmlion, that is to siiy, the iiimiilily o|' he, it 
given out hi a given time, hastniimg llio fall of tompcr.ituru of the lie.ileil lioiiy , pist us 
whatever inoreuses the anioiintof motion imparted to tlio iiir iii a given tiniii by a 
vibrating fork, and so uugnioiits tho loudness of the resulting suiiiid, e.iiises llm fork 
to come to rest raoro ipiiokly On the .same now, .i riso of lempi riitiire m a imilerial 
body, caused by rays of heat absorbed by it, would eorrespond with the pmdiietion of 
byiiip,ilhotic vibrations in solid bodies iiiidur the mllueiiee of aoniid-w.ii e,s tr.iiisinitti d 
to them lliroiigh the air, and just ab tlioso eoiidifiona, iiliieh tiieihf.ite most the emn- 
ninmc.iliou of motion by a vibrating body to the .ur, are also the coiidil ions must 
fnvourablo to its hcinglhrown into vihriitioii by uiidiilalioiis of the lur so, ns we shiiU 
SCO, the conditions wliieli most promote the loss of he.it by r.idi.ition’ ,ii’e idho those 
which arc most, favoni-able to tlio iibsorptuiii or gum of heat in tlie smiie iinv Ag liti 
the diffcront rofi'angibilily winch clmr.ictenses v.iys of light of various eolmirs us wiU 
as rays ofhc.it from various boiitccs, being e.nwi-d by dilK runt rates of Mhral’nm cor- 
responds to the dilferent pitch of viuious sounds (On thu .iii.ilugies of he.il’ and 
bound, comp. Thomas T oun g, iectMm on NaUmtl r/ulo.wii/nj i vols •Ito bond 
1807, vol i p.6fl6.) • 

Eadiatioii, considered as a mode of triinsferenec of heal, is ohiicaisly a process which 
e.iii only go on between at least two niiitorml bodies, of which one gives out .iiid the 
other reeoivcs, heat. And, except In tho c.iso of riidi.ition tliroiigh a vueiiiiiii ii Hurd 
body also nitervones in tho phenomenon— namely, that ihxMqh wliieli tlia iiitimlioii 

takes place Hence tho eiitireproeesseoiisists of flireedistincl parts Kmisbion Ah 

sorption, Transmission— tho course of each of wluclna deiieiuhait on the pli’isiuil 
properties of tho pm-tieuliir material subst.irice.s eoiiecriied But, hnfure considering 
radiant heat in relation to the properties of individual suhstiiiices.’we will hriell" di^ 
scribe its general properties, and cmimer.ito tho most import.mt and deeisiui i/f the 
experiments by which the essential identity of rndiiint licat .ind light has l,erai imm d 
and which thorefoio justify the coneliisioii that raibaiit heat, hlce light coiisiMs m un- 
dulations propagated by the luminiferous ether, ni the hiiiiie w iv ns w ives of hound e 
propagated by the iiir ■ a ■ ■ . i iii ,ii 

i;,«rcr,,hfl rociam, oi any homorjeunu, otnlnim, m Im,. 
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This fact is proved, like the corresponding fact in the ease of light, by the effect of 
opaque screens, which, with the exceptions mentioned at page 48 (parag. 7\ prevent 
the heat of any radiant source from amving at any point so situated that a straight 
lino drawn ftom it to the source wonld cut such a screen 

2 Badiant heat xs emitted tn straight lines in all directions from a radiating point. 
Hence the quantity of heat which in a given time falls on a given surface fi-om a 
radiating point is inmsely proportional to the square of the distanoe of that surface 
from the radiating point. The most complete and decisive proof of this law was 
furnished by M e 1 1 o n i, who showed that when a thorrao electric pile (EtEcrniciT v, u. 
413 , Heat, in, 22), fitted with a non-reflecting cone, is turned towards a large, flat, 
uniformly heated surface, the heating effect, as shown by the deflection of the needle 
of a galvanometer connected with the pile, is the same at all distances of the pile from 
the heated surface. In this case the portion of the flat surface subtended by tbe face 
of the pile, or mible therefrom, increases proportionably to the square of the distance' 
that IS to say, the number of points of tlie heated surface from which rays can reach 
the pile is directly proportional to the square of the distance ; hut, since the total 
heating effect remains the same at bU distances, it follows tliat the effect of each point 
must be inversely proportioned to the square of its distance fiom the pde. (Melloni, 
la Thermochhse, Naples, 1850, p 129 ) 

3 The velocity eff propagation, of radiant heat has not yet been measured directly, in 
oonsequenoo of the tune required by it to produce sensible effect^ being greater tli.in 
the time of its transmission through such distances as are available for expenraeut. 
There is, howovai', every reason to suppose that, in substances not possessed of disper- 
sive power, it is the same as that of light MeUom found the time of transmission 
through 367 foot of air inappreciably short (Op. dt pp 121-12.3,) 

4 It follows, from the laws which hold with respect to the propagation of wavo- 
mobons, that, whenever a train of waves arrives at a surface, on opposite sides of which 
the relation between the elasticity and density of the medium of propagation is different, 
partial or total reflection must take place , and that this reflection must take place so 
that the reflected ray hea in the same plane with the incident ray, and the normal to 
the leflecting surface at the point of incidence, .ind that the incident and reflected rays 
make equal angles with the normal. That radiant heat is thus reflected on arriving at 
the surface of separation of two media, m.iy be proved by means of a tbermo-multipher 
placed in such a position relatively to a source of heat and a plane metallic reflector, 
that the radiation from the source cannot reach it, except by the rays being reflected 
in accordance with the above conditions. The equality of the angles of incidence and 
reflection can bo still more decisively demonstrated by means of two parabolic reflectors 
placed with their concave surfaces towaids each other, and then' axes ooineidont if a 
source of heat be placed in the focus of one reflector, tbe rays which strike this reflec- 
tor will be brought to a focus again at the focus of the other reflector. 

But, as in the ease of light, this law can only be recognised when reflection takes 
placo at pohshed surfaces, that is, at surfaces each element of which is situated sen- 
sibly at the same plane, or eomeides with the same emve Since, however, even with 
the most perfect polish that can be obtained, many superficial elements are doubtless 
inclined m directions which do not coincide with the general form of the surfuec, tbe 
intensity of the heat reflected in such a direction as to make with tho normal to the 
general surface an angle equal to that made by the direction of the incident heat, is 
always less than the intensity of the incident heat, even allowing for the quantity 
winch may penetrate the reflecting surface The amount of heat thus irregularly 
reflected, or diffused, necessarily varies with the nature of the reflecting surface, being 
lo.ss, under otherwise similar circumstances, in proportion as the latter is more 
perfectly polished; it also varies with the absolute value of the angle of incidence. 

The fact of tbe diffusive reflection of heat was first placed beyond doubt by Mello- 
111, whose method of experiment consisted in determining, by means of the thermo- 
miiltipher, the relative quantities of heat radiated obliquely by very tbm niipoliahed 
screens, upon which rays were incident normally from a souroe of heat. The screens 
were so thin that botli surfaces might be regarded as having the same temperature, 
nevertheless, tbe quantity of heat radiated in a direction milking a given oblique angle 
noth the surface turned tow.irds the source of heat, exceeded that radiated in a direc- 
tion making the same angle with the other surface , showing that the radiation from 
the former surface did not consist entirely of the heat given out by the screen itself, 
but also, m port, of heat irregularly reflected The influence of tho absolute value of 
the angle of incidence on tho proportion of heat reflected irregularly, has been investi- 
gated by Knoblauch "With solar heat and, in one sot of experiments, n glass 
mirror blackened at the back, and in another set with a metallic mirror, ho obtained 
the following results — 
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From tlio Blackened Mirror. From ilio Metallic Mirror. 


lO'O" 66 0“ 

10-0 660 

11-0 64'6 

le-l 60'0 


43'0 


43 0 


The mimhers in the inst column show_ that tho quantity of heat reflected 
regularly hy the mctalhc mirror diminished, and consequently tho quantity 
reflected irregularly increased, as the incident rays made a smaller iiiiglo with tho 
aurfuco of the mirror. The mcreaKed refleetion from the ghiss niirior at low angles of 
incidence is to bo nttciliutod, not to diminiehod diffusion, but to diiiumsUed ahsorp- 

4. In addition to the portion wliich is reflected, regularly or irregnlarly, when 
radi.iiit heat arrives at the snrfaco of sepnr.itinn of two meiliii, a certain quant ily 
usually — perhaps always— penetrates tho second medium Of I lie Iioat wliieli thus 
passes onwards into the second medium, a greater or less proportion is always iiIimdIiiiI ; 
or, in the language of the tiow wo have adopted respecting the nature of ladi.uit licat, 
the vibratory motion of the p.irtioIos of the rthor is given up to the nmtorial particlua 
of tho medium. The propoition of bout so ahsorhod v.irios, fiom a barely peicopt ihlo 
amount, even when a considerable thichness of the sncoiid medium is twi ersed, as in 
the Ouse of rock-salt, to tho total quantity which enters the medium, as in the ease of 
the metals, in whieli tho absorption of heat is so complete, within a very short ilisliineo 
from the surface, tlmt it was only by employing e.\ceedingly thin films of metal, 
deposited on gl.iss by chemical moans, that Knoblauch siiooeodtd inprovingtimtllin 
metals are not .ibsolntnly impoiietrahla hy radiant heat The proportion of radiant heat 
absoihed in its passage through a given thiokneas of a given modium is mil, liuwe\er, 
a constant quantity; it varies to a great extent, ns we shall prosimtly see, willi file tem- 
ppr,stnr« of the Bource from whieh tho hsat comes, just as the absorptiou of light, hy 
vinions moiUn depends on tlio colour of the light. 

.5 Another consequence of tho gunovul principles of wavo-motion, is that, U|)(iii fliii 
theory wo liiivo adopted, when r.idiiint heat passes from ono medium info miollier, in 
which tlie elasticity and density of Iho inmiiirforous ctlier iivo to oauh other in a ilifi’e- 
reut r.itio fiom what thry were in tho first medium, its vnloeity of propiigiilnm must 
ho diffbroiit in the two media. Consequently, if the, rays of heat are ineiiidit iqirm (Im 
separating surface of the media in any other direction than lhat of llio normal to iho 
surface at the point of incidence, their direction will bo altered on passing from tiie 
first medium into the second, or they will undergo refniciioH ; and tins refrin lion will 
take place according to tho same laws as the refraction of hglit — tliat is, the ri fraeted 
ray will bo in the same plane with llio nieidont ray and the normal to thii surface, 
and tho sine of the angle which tho incident ray makes with tho normal will be to 
the sine of tho angle which the refracted lay makes with the normal, ns tlie velncily of 
the ray in the first medium is to its loloeify of propagation in the second inedinm (see 
Lisht, iii. 608, 609) A familiar example of tlio refraction ot lioat is afllirded bj lim 
effects of burning-glasses 

The second part of the law of refraction of heat, ns nhovo stated, lias not hillicrfo 
received direct experimental eoiifirination, for, ns has been nlready said (p 13), i)ie 
velocity of propag.ition of radiant heat has not yet been measured It is, howi'wir, 
ahnnd.mtly proved that the indej of nfraetion (Light, he. eit ), eorivsiinmliiig lu die 
passage of radiant heat from a given medium into a given .second iiu'cliani, lias a ecm- 
slant value. But, jnst as there are lauoiis kinds ot light, ditfiTing from’ each ntlnw 
in lefraiigibility (Light, iii. 618), so there arc various kinds ot radiant lie.it winch 
diffoi from each otlior in the wirao w.iy Tlie indices of rofi.ietion of heat of seur.tl 
kinds, corresponding to its passage fi-om air into roek-salt, liave hoeii meiiMiicd l,y 
Bor bos, by Wollaston's method (lii 614), depending on flip fot.nl rofli'ction wlueli 
takes place when rays traversing one medium ai-e ineidont i cry oliliquely on tlie siii face 
of another medium of less refr-ictive power. In the following taido (l.il.en fiom 
Wullner’s Xe/ir6«(7i dc7- Keypnimenlal-x^hjiik. 2 vols Leipzig, l.so.l-Ori, loi ii. p 327) 
the numbers in tho last column represent the indices of refiuction of tho rajs preseiil. 
in greatest abundance m the heat of the various kinds spocified , hut it is to bo imdi r- 
stood Biat each kind of heat examined contained, in a smaller proportion, r.ivs of liolli 
greater and less refraiigihihty than those ndiich iornied the largest part. ’ 
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Indwes of Sefiaction of Heat^aya m Bodk-salt. 

Kind of heat. Index of Kefraction. 

Heat from a Locatelli’s lamp (an oil-lamp with solid square wick but no ) , 

chimney) ( 

The same after passing through a plate of alum 1'668 

„ „ window-glass .... l-Sl? 

„ „ black glass , . . , 1 663 

„ „ black mica . . . .1643 

Heat from incandescent platinum 1 632 

The same after passing ilu-ough a plate of window-glass ... .1 648 

„ ,, black mica . . . . 1 544 

Heat from brass at 371° C 1-628 

Luminous rays of mean refrangibihty from the lamp .... 1-662 

The mdex of refraction for crown-glass of tiie least refrangible solar rays has 
been deduced by J. Miiller, from au examination of the solar spectrum produced 
by a prism of crown-glass, by means of a linear thermo-electric pde (Muller’s 
Jjohrbuch der d?hy3tk, 6th ed., ii. 748-746). MiiUer gives the number 1 606, but 
from a criticism of his experiments by F, Eisenlohr (Pogg. Ann cix. 240), it appears 
that 1 616 -would ho more correct. 

We shall have occasion, as we proceed, to return several times to the differences 
between the kinds of heat emitted by various sources ; but we may take this first occa- 
sion, upon which such differences call for special mention, to state wherein they 
probably consist, and also bow far there is any real difference between radiant heat and 
light. 

If radiant boat be regarded as consisting in an undulatory motion of tbeluminiferous 
ether, all the differences (irrespective of intensity and state of polarisation) which hs,ye 
been observed between various rays of beat may be referred to differences in the 
rapidity of the vibrations by which they are produced, and consequent drflferenocs in 
the length of the waves of wlueh they consist , the most refrangible rays having the 
most rapid vibrations and tbo smallest wave-length, and the least refrangible rays 
imving the slowest vibrations and the greatest wave-length. These, it wdl be seen, 
arc dmeienoes of precisely the same kind as those existing between rays of light of 
various colours &noe, unless the vibrations constituting radiant beat have a different 
dfrection, or a different form, from those constitutiug light (of which, however, there is 
not the slightest evidence, for, as we shall see, a!l the characteristic properties of light, 
with the single exception of visibility, are sh.ired by radiant heat), we are forced to ad- 
mit that rays of heat and rajts of light of the same wave-length are in 
all respects identical, and this conclusion is boi-no out by every teat which it has 
hitherto been possible to apply (comp. iii. 632) But alt' j ' 

known difference between rays of heat and rays of light of i 

vibration, wave-length), rays of heat exist whose refrangi ■ 

their rate of -vibration slower and wave-length greater, than that of the least refran- 
gible rays of light The relation between radiant heat and light may therefore bo 
summed up as follows • All luminous rays are rays of heat, but all rays of heat are 
not luminous , they only become so when them rate of vibr-ation exceeds a certain 
minimum limit (about 400 millions of millions per second), and their wave-length con- 
sequently falls below a certain maximum (about 7 ten-miUiontha of a milHmetre). 
Aocoiding to this view, the difference between radiant heat and light is subjective and 
not objective, being dependent on the sU-iicture of our eyes, and not upon any want of 
similarity between radiant heat and light themselves 

6 Like rays of light, rays of heat interfere with and neutralise each other, when two 
rays from the same source arrive at the same point by paths of very slightly different 
lengths This phenomenon was first observed by Fizeiiu and Foucault (Compt. 
rend, xxv. 447), by me.ins of Fresnel’s interferenee-niirror.s (lii 699), and a spirit tber- 
mometer whose bulb was not more than 1-1 mm in diameter, and which could be read 
to ^th of a degree centigrade. "When this instrument was gradually moved across the 
middle of the field, the readings were successively 20-9, 36-9, and 20, the number 36 9 
coiTesponding to the middle of the central fringe. 

Knoblauch afterwards (Ann Ch. Phys. [3] hi. 403) observed the same phe- 
nomenon by means of a Pouillet’s interferenee-pnsm (in. 600), and a linear thermo- 
electric pile ; and the same philosopher showed, at tho same time, that the positions of 
the alternate maxima and minima of heating effect (corresponding to the hght and 
dark hands in the case of hght) suffered a lateral displacement when a shghtly wedge- 
shaped piece of glass was interposed between the prism and the thermo-eleetne pile, 
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thus proving that the velocity of propagation of radiant hoiit is not the same in glass 
ns It la in nir. (See Lioht, ni. 601.) 

Knohlauoh has likewise dcmonstratocl the interference of radiant heat under the 
same eireumstancos as those under which the colours of thm plates (in 613) are pro- 
duced by light. 

7 Diffraction (lii. 601) of radiant heat occurs when rays from a source of sufficiently 
small extent pass through a small aperture, or by the edge of an opaque screen, Knob- 
lauch ascertauied that when heatfi-om a linear source passes tliroiigli a nairow sht, 
the thermal effect on the farther side of the alit I'xtends to points wliicli tlin rays emild 
not reach if they all followed straight paths ; and ho found tlnit the later, il extension 
of the heating effect increased (1) with die distance from the sht of the position where 
the effect was examined, (2) with the narrowness of the slit, and (3) with the distuiieo 
of the sht from the source of heat. 

I'he diffraction of radiant heat and the simnlUiioons inteiforonoo, uhi'ii it passes the 
edge of a simple screen, wore observed by Fizcan and Foucault , and its aiffrnclioii 
by “gratings” (lu. 605), by Scobeck in 1849 (Fogg. Ann. Ixxvii. 671), and snlisn- 
qnently by Knoblauch. 

8. The intorfercnco and diffraction of radiimt heat prove eoiiclusively that it eoiisists 
111 uiidiilation.s . and that these undulations, like those of light, take place in direotioiis 
perpendicular to that in which the uiidulatoi'y movement iidvanceH, is proved by file 
pbenomona of the polansation of radiant heat. Like light, radiant lin.it may lie 
polarised, by reflection, hy ordinary refraction, by double rofmetion, and by alisorptiun 
in doubly-refracting ciystals. 

The polansatioii of heat by reflection from the snrfaeo of glass was distinctly 
proved in 1812 by BArard, who showed that when heat was reflected snceessn ely by 
two glass, mirrors, the intensity of the beam reflected from the second iiiirrm' w.is 
decidedly greater when the plane of reflection of the two mirrors couicided, tlinii wliim 
they weio at right angles to each other But the aecnmto investigation of flic phe- 
nomena of the polarisation of hout is chiefly due to Knohlimch and Bo l.i I'riivo- 
st.iyeaiidBosainB{Ann Oh. Fhys [;i]xxui. 109; xxx 159 , 207, 276) Knoblaneh 
found that, as m the case of light so in that of radiant heat, thn polavisatioii prodiieed 
by reflection is most complete when the rays aro iiioidcnt at some partinular miglii de- 
pending on the nature of the reflecting substance. Thus, out of 100 rays rellccted friirn 
glims at various angles (measurod from thonormal), ho found tlio jiroportioii of polarihcd 
rays to be that stated below — 
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It will be seen that the maximum of polarisation oceiirred when file aiigln of in- 
cidence was 66“ which agrees almost exactly with the angle (61° U>) ,it wlinli (lui 
most complete polarisation takes place in the ease of luiiiinoiis rays (m. 068') 'W'lien 
a steel mirror was used us tho polarising apparatus, the iiiaxinmin of pol.trisalinn 
(34 per cent, of tho total heat reflected) occurred with an angle of iiioiileiien of alumt 
76“ 

Bo la ProTostnye and Besaiiis not only proved that the peliu'isiilioii of heat t. ikes 
plaeo under tho same conditions as tho poliirisiitioii of light, but sliowwl Ihiit the 
propertus of polarised heat agree pteeisnly with tlio.so of polarised light Fre.siiel 
had eslabUshod that, when polari.sed light is roflecled at tho siirfiiee of a tr.iiisp.irent 
medium, tho intensity of tho refloefecl light iiiay bo expressed hy tho foriiiiila 
when the plane of polarisation is parallol to the plane of relleetioii, and by 
llio formula | Bie plane of polarisation is perpendicular to tlie plane of 


reflection, ^ and r denoting tho angles ofincideiico and refractiniirespoctively Taking 
tho index of refraction of glass ns = 1 53, Bu la I’rovostaye and nesains eiilonhited 
the intensity of tho rofloetod beam for various angles of meidenee, fur the Lw o rases to 
which these formnl® correspond, and found the results to agree preeisnly with thoso 
fiirnishedhydrroet experiments with polarised heat, as shown liy tho iollawiiig table •— 
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Eejlectim of Polarised Heat 



DelaProYostaye and Besaius hnYelikewiseoTsBerved that rotation of the plana 
polarisation of heat is caused when polarised heat is transmitted through a piece of 
heavy glass placed between the poles of a powerful electro-magnet, and also when it is 
made to pass through certain hquids, such as oil of turpentine and solution of sugar, 
and have ascertained that m both cases the action is precisely the same as in the 
analogous phenomena presented by polarised light (see in 071 and 670). Some of 
the numerous other points of agreement which the same observers have detected 
between the properties of polarised heat and polarised hght, are mentioned below in 
connection with the double refraction of heat _ 

The polarisation of heat by ordmaiy refraction was obaervodbyPorbes (Phil. Mag. 
[3] VI 209) and Melloni, but this phenomenon also has been more completely in- 
vestigated by Knoblauch and Be la Provostaye and Bosnius, than by pre- 
vious observers It has been shown by their experiments, that when a beam of radiant 
heat IS incident upon a bundle of thin plates of glass at the polansmg angle, it is 
separated into two pacts— a reflected beam polarised in the plane of incidence, and ii 
refracted beam polansed at right angles to the plane of incidence , and they have also 
proved that the intensity with which a beam of polarised heat is transmitted through 
one or more plates of glass can be calculated by precisely the same formula as those 
which apply in the case of light. 

9 The same investigators have demonstrated the douhhi efraetion of heat, and proved 
that the phenomenon agrees m aU respects with the double refraction of light. 
Knoblauch caused a penoil of solar rays, xefl.6Cted from a heliostat, to fall upon the 
natuihl-oleavage faces of a crystal of calc-spai, and received the transmitted rays upon 
a thermo-electric pile, the face of which presented only a vertical strip of 0-26 mm iu 
width. As the pile was placed successively in the path of one of the luminous beams 
produced by the double refraction of the incident hght, in the dark space between the 
two beams, and in the path of the second luminous beam, the needle of the galvano- 
meter was deflected to 20’fi°, then came back to 5“, and was then deflected again to 
20 75°, showing that the licat-rays had been completely separated into two pencils of 
equal luteusity. Knoblauch further found that, when the crystal was turned roiuid the 
ineidont ray as an axis, one of the transmitted pencils of heat-rays (the extraordinary 
pencil) rotated lound the other (the ordinary pencil), which romamed stationary. 

Similar results have been obtained by Be la Provostaye and Besains. A beam of 
solar rays was directed, by means of a heliostat, on to an achromatic double-image 
prism, and, one of the emergent beams being stopped by a screen, the other was re- 
ceived upon a glass rnirror placed vertically, whereby it was reflected at an angle of 
56° upon the the thermo-electnc pile. When the prmeipal section of the pnsm was 
honzontal, and the ordinary ray (which was consequently polarised in a horizontal 
plane, in. 664) was allowed to faU upon the mirror, the gdvanometer-needle was de- 
flected to 76°, whereas it remained completely at rest when the prism was turned 
round through 90° j thus proving that the two transmitted beams were completely 
polarised in planes at right angles to each other, a result which was also arrived at by 
Knoblauch. 

Be la Provostaye and Besains have also proved that when a beam of polarised heat 
falls upon a doubly-refracting crystal, so that the plane of polarisation is neither 
parall'd ivith, nor perpendicular to, the principal section of the crystal, it is hrolteu 
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Mp intc} two beams whose relative intensities follow the same law as the int(’ns\tic‘i of 
the two beams of light produced under similar cireumstiinceg In the case of light, if 
tha intensity of the incident beam be represented by I, that of the ordinary refraoted 
hoam by 0, that of the extraordinary refracted beam by B, and the angle which the 
plana of polarisation makes with the principal section of the crystal by a, Mains 
showed that these quantities are related to each other as follows — 

0 I . eos’a; E = I . sin“a. 

Putting I = 1. Do la Provostnye and Desains found the following values for 0 cor- 
rGsponuing to various values of a; namely, for — 

a ==, 30°, = 35°, «= 46°, = 62“ 

0 =» 0 76, « 0 67, <= 0'60, = 0 3 

results which agree exactly with the above fonnula 

When a doubly-refracting crystal absorbs one of tho two beams produced by double 
refraction, us is the case to a groat extent witli toui'm.iIiiio cut parallel to the pniicipul 
axis (ill. (ij6), tile beam which is tr.insmiUed is necessarily polunseil, eitlmr iii the ease 
of light or heat Tho polarisation ot heat by tourmaline, observisl by h’orboe, was llie 
earliobt discovered iiistiuico of tho poLirisation of heat by double refraction , and it was 
supposed by liini for .i time to revciil an cssonti.il diltercncu between r.idumt heat uiul 
light, since he found the polarisation ot heat from some sources iipparouily luuell less 
complete tlmn that of light Tho cauao of this apparent auoiiialy was afterwards 
ascertained by Mulloni to be that, although tourmaline is opuquo for luimuuus mys 
whose vihMtions take place perpoudiculavly to its priucip.d iixis, and therefore completely 
absorbs one of tho two luminous heania, it is not oipnilly opaque for r.iy s wliusu \ ibr.i- 
tions are perpeiidieulai' to the axis but are as slow us Ihuso of the invisibln 
heat-rays 

Having thus briefly stated the most important of tho general iiropcrtios of radiant 
heat, we have still to consider it m its relation to matoriiil bodies, midor tho throe heads 
of Emission, Absorption, and Trausiuissiou.' 

Emission of Sadi ant Hoat. 

It is a matter of nnivorsal experience, that, under otliorwiso siimhir cu'enmst.inces, 
a given body gives out more Iieat m u given time, the hotter it is 'reiiiperiiture, tlimi- 
fore, 18 one conditioii which determines the emissive power of hudies for Iieat , but 
furbiior oxamination sliows that it is not the only eoikhtioii upon n Inch this phiummemni 
doponds. It wn.s observed ns early as ISOt, by Loslio, that dilthreiit suhstanecs haie 
very different yiowors of omiftiiig heat, oven wlien their temperatures aio ovietly iho 
same. Ho phiced in front of a concave metallio mirror a eulneal metal lessel lllled 
with boiling water, and yiut one bulb of a dillhrential thormoineter in tiio ficus ot (he 
mirror, the other bulb being protected from tho radiation. By (oatiiig the diflerunt 
Bides of the cube with the various suhetanees to ho ex.umned, and turmiig tliem sno- 
cessively towards tho mirror, he was able to compaie. by tho ofl'ect on tlie lluirimmii'tcr, 
the relative emissive powers of the several substaneos, indepondonlly of any diilurciico 
of tcmperntiire Melloni subsequently mnde siiiular compnrative expeiimenls, using 
his thermo-raultiphor instead of Leslie’s ditforontud thermometer. Among all the sub- 
stances examined, bodi Leslie and Mollom found that lampblack had tlie grealisr, 
omis.sxvo power, or at least that the emissive power of no other Bubsfjineu oxiieeiled it, 
and they accordingly adopted it ns a standard of eoniparisoii for all tho rest Tim nu- 
meneal results given in the following table are, therefore, to bo uiulorstooil as gnmg 
the intensity of the radiation at 100° 0. froiuasuperflci.il unit of eaoli of the subsl.iiietis 
named, the radiation from a unit of surfaco covered with lamplilnck being taken at 
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The exact numbera in this table cannot, howPTcr, lay claim to any very givat degree 
oj accuracy Per it was found both by Lethe and MeUoni, that the radiating power 
of the same substance varied coiiBiderably accordmg to the condition of its siirfAce, and 
the same fact has been repeatedly observed by later investigators The metals, for 
instance, when poUshed, radiate ranch less than Aot do when Urmshed or roughened 
That a tarnished metallic surface shonld have a different emissiie power from a bright 
metal is not sm-prising ■ for tlie tarnish consists in the formation of a thin film of 
oxide or sulphide, and it is this film, and not the metal itself, which forms the true sm’- 
faco from which a great piud of the radiation proceeds. But even when the chemical 
nature of the surface undergoes no change, the emissive power is often affected to a 
cunsidei-able extent by the phyaioal state of the surfiioe. This is very distinctly shown 
in the following experiment of Melloni’s {Tliermochrose, p 87, note) he prepared 
four plates of pure silver, two of which were strongly hammered, and the other two 
simply cast and not hammored ; all four plates were then polished with pumice-stoue 
and charcoal, but without the use of a hammer or humisher , and lastly, one plate 
of each pair was seratohed hy rnhbing it in one direction with coarse sandpaper. 
The four plates so prepared were used to form the vertical sides of a cube wluch was 
flUed with boiling water, and the radiating power of the four sides was determined. 
The deflections of the galvanometer-needlo wluch they sevarally produced were — 
Polished Scratched, 

Hammered plate . . 10° 18° 

Hnhanunered plate . . 137 11 3 

The following numbers, obtained by Do la Provostaye and Desains (Ann. Oh. 
Phys [8] xxii 372) for the relative radiating powers at 120° C , of several metals in 
different conditions, compared with the radiating power of lampblack at the same 
temperature taken as 100, show similar differences, although the absolute values of the 
numbers are considerably below those found by Helloni and Leslie The comparisons 
with lampblack were made in two ways . the first method depended on daterminingitho 
s use of the svufaca of the substance under exammution which caused as great a deflection 
of the galvanometer as a given surface of lampblack at the same temperature, in the 
second method the radiating surfaces were equal, and their respective radiatmg powers 
were calculated from the excess of temperature of the metals over the lampblack at 
which they emitted equal quantities of heat. 
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The general rule which may be deduced from these and numerous alhed observations, 
is that tlio denser and more compact the surface of a body is, the smaller is its emissive 
power, while any treatment which diminishes the density of the surface increases 
tlie emissive power The mere feet of the surface being polished or not pohahed, if 
these differences do not involve differences of density, does not affect the emissive 
power of a suhstanca thus marble, ivory, agate, quartz, selenite, and other similar 
substances which arc capable of receiving a pohsh, but m which the polishing process 
docs not alter the density of the superficial stratum, have the same emisBive powers 
whether jiolished or unpohshed. (Mclloni, La Theimoehi6ae, p. 83, note. — Compara 
also Knoblauch, Hogg Ann. Ixx 343.) 
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Tho fallowing table gives the relative emissive power, at 1 00° 0., of aovoral siilistanccs 
in a state of fine powder, according to Tyndall’s experiments — * 

Emissive powers of Powders at 100° C. 


Itock-salt 36'3 Sulphate of calcium . . . 77'7 

Mercuric iodide . . . . 39 7 Feme oxide • . . . . 7H'‘t 

Sulphur 40 6 Zme hydrate . . . 80'4 

Cldoride of lead . . 66 4 Ferroso-ferrie oxide . . 813 

Carhonate of calcium . . . 70 2 Ferrous sulphide . . . . 81'7 

Fed lead 74 2 Lampblack 84 0 

Ox e of cobalt . . . .70 7 


Frovious experimenters, in porticulnr Masson and Ooiirtepie (Coinpt rend. xxy. 
930), had concluded that the emissive powers of all substances, in a siifiieieiitly tine 
state of division, were equal . but. aeeorduig to Tyndall, tins iipparent remit was duo 
to the powders oxiiminod haiiiig been mixed with gum in order to attach llioni to a 
met.illio surface, whefeby radiation from the gum took tho place, to a great exti nt, of 
radiation from the paitieles of powder enveloped by it 

Another circumstance winch exerts an influeneo on tho tpumlity of Iic.it emitted by 
a given substance at a given temperature, is the tkicknns of the radiating stratum 
Tho effect of variations of this condition is not however sensible, except m thi' case of 
substances which are perceptibly transparent for radiant lie, it, and tliercfove allow tho 
particles which ho below the actu.il siuf.ice to take part in thi< ladi.ilioii, such as glass 
and varnishes of various kinds , with met.ds, on the other h.md, whipli are oompletely 
opaque for radiant heat as well as for light in any thickness in wliieli they ran he 
used, the effect of variations of thickness is imperceptible. Thus Melluiu i'lumd, on 
applying successiTO coats of vuriiish to tho metal f.iee of a radiating euhi , that tho 
radiating power was increased by each eo.it of lurnish up to the sixteeiitli , hut on 
coating one of tho faces of the cube with gold-loaf of various thicknesses, the ladiatiiig 
power was dinnnishod to tho sumo extent iii oaeh case 

The intensity of the radi.ition from a plane surface is not tlie same m all direttions, 
but is greatest in the direotion of tbo normal to tho surf.ico. Luslin, who investigated 
this point experimentally, believed tliat the radiation in any direction was propnrliniial 
to the cosine of tho angle winch that direction miido witli the iioriiml, that is to saj, 
if F represents the quantity of heat radiated hy a unit of surface in the di*eelimi of 
tho normaj to the surface, and F' tlio quantity of heat radiated hy a unit of surface m 
any duiection making an angle a witli tho normal, Loslio eoncluded th.il llie nilafioii 
between these two quantities might bo expressed m all cases by tho equ.uion 
F' = F COSO 

According to the experiments of De laProvostaycandDosiuns, however, this rela- 
tion does not hold good except for a small lunnla rofsuhstanciis, lumphliii’k lieiiig one of 
them. They pliiced, between a radiating surfuce of eonsiderahlo extiiit and tlie 
thermo-eloetrio jiile, a screen pjiorced witli a comparatively small ii])eitiir(', through 
which alone the riiys could roach tho pile Now it is obvious that with this an'iiiige- 
ment, the extent of surface from which rays could arrive at tho pile was less when the 
surface was placed so as to radiate normally thraugh tho aperture, than when it was 
placed so ns to radiate ohliqiiely, and that tho extent of surface from wliieh r.iys w ere 
received by the pile in tho latter ease, was to tho extent of wirfaeo fimii wliieli tlmy 
wore received rntho former case, inversely ns the cosine of the angle Ihinngh wliieli Irlie 
radiating body had been turned. Hence, if tlie intensity of the ladi.ilioii from .i unit 
of surface, varied directly as the cosine of tho same angle, the total beating i fleet tinon 
the pile must have remained tho same for all positions of tlto riidititnig Mirfaee , this, 
however, was not the case except with lanlpbl.ick, as will ho seen from tho fullowuig 
table •— 


Emissive Powers at various Angies, 




LAWS OF COOLING. 


5 "] 


From tliege rrsiilts it appears that the emissiTe powers of the substances mentioned, for 
oblique directions, dimmish more rapidly than the cosine of the angle of obliquity, 
except in the case of lampblack. 

In considering the effect o f the temperature of the radiating body on the quantity of 
heat emitted, it is important to bear m mind that what w measured in the various 
methods for determining the emissive powers of different bodies, js not the actual 
quantity of heat giyeii out in a given time by a given extent of surface, hut merely the 
rate of exchange of heat between the radiatmg body and surrounding objects, including 
the thermomatrie apparatus itself. If in a given time a thermo-electric pile gives out 
to a body placed opposite to it eiaetly as much heat as it receives back again from 
that body, its tempenituro is not altered, and the state of things is the same as thi?”gh 
neither the pile nor the radiating body near it had any emissive power whatever, lint 
this stationary condition will be disturbed equally by raising the temperature of the 
radiatmg body, so ns to make it give out more heat than it receives in return, or by 
lowering the temperature of the thermo-electno pile, so as to make it give out less heat 
than it receives , that la to say, the same thermometrio effect may be produced upon 
the thermo-electric pile by lowering its temperature, as by raising that of the radiating 
body. There is therefore obviously no reason to expect that any simple relahou 
would be apparent between the emissive power of a given body, as measured by the 
methods above dosoribed, and its absolute temperatnre (Hea,t, iii. 62), much less 
between this property and the temperature of tho body on the centigrade or any other 
arbitrary thermometrio scale. We might, however, expect to find 3ie actual quantity 
of heat which a given body losea in a given time, proportional to the excess of its tem- 
perature over that of surrounding bodies 

To ascertain whether this is so, it is needful to examine tho rate at which the same 
body cools in a vacuum, when its initial temperature exceeds that of the surrounding 
space by different known amounts A very eloborate investigahoji of this subject was 
made by Diilongand Petit (Ann. Ch. Phys [2] vu 228,337). They determined tho 
rate of cooling of a large mercurial thermometer, placed in the middle of an exhausted 
brass globe kept at a constant known temperature, with various definite differences of 
temperature between the thermometer and tho globe, and at vurions absolute tempera- 
tures of each Their most important insults are given in the following table, where 
tho columns headed “Rate of Cooling” give the number of degrees through which the 
temperature of the thermometer would sink in one minute under the various conditions 
spoeiflod, if it eontmuod during the whole time to lose heat as fast as at the beginning 
of the interval . — 


Sp- 

Temp 
of globe 
= 0° 
note of 
Cooling 


°L®20^'° 

Rote of 
Cooling 

$ 

Temp, 
of globe 
«40o 

Bate of 


Of gloEe 
= 600. 

Bate of 
Cooling 


offtlrSie 
= 800. 

Rate of 
CooUng 

240° C. 
220 „ 

200 „ 

180 

160 „ 

140 

120 „ 

100 „ 

80 „ 

60 „ 

10 69 

8 81 

7 40 

6 10 

4 89 
3-88 
3’02 

2 30 
174 

116 
1T8 
1 16 
1-16 
1T6 
117 
V17 
1 18 
1T6 

12 40 
10 41 
8-68 
7'04 

6 67 

4 67 

3 66 

2 74 
199 

1 16 
1-16 
1 16 
1 16 
M7 
1-16 
M7 
116 
1 10 
1-18 

14 36 
1198 
10 01 
8-20 
6-61 

6 32 
4-16 
316 

2 30 
1-63 

115 
1'16 
1-16 

116 
117 
P16 
1T8 
1-16 

11-84 

9 66 
7-68 
614 

4 84 

3 68 

2 73 
188 

116 
116 
1-16 
117 
116 
117 
117 
1 16 

13 46 
1105 
895 
7-19 
6-64 

4 29 
318 
217 


From this table it appears that the rate of cooling, or qiiantilry of heat lost in a given 
time, depends not merely upon the difference of temperature between tho coohng body 
and surrounding objects, but also upon its absolute temperatnre. Thus, for instance, 
when the tempei'ature of the thermometer was 200° and that of the globe 0°, the rate 
of cooing was 7 4 ; but, when tho temperature of the globe was 00°, and that of the 
thermometer 260°, the rateof cooling was 11 64, although the differmoe of temperature 
was the same as in the former case, namely 200°. It further appears that the quotient 
obtained by dividing tbe rate of cooling corresponding to a given excess of temperature 
of the thermometer, by the rate of coohng correspondmg to the same excess when the 
temperatures of both thermometer and globe are 20° lower, is constant, namely -116; 
that IS to say, the rate of ooolmg increases in a geometrical ratio when, for a given 
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Mithinotical ratio, llmco, if k denotes the rate of cooling curiesiioiidnig lo a given 
o^ess of temperature f, when the temperature of the globe is 0'’, the r.ito of enolmg 
' ig to the same excess of teniper.aturo when the tcmpemtiire of the globe is 


lesjionding to 


where a is the ratio of the rate of cooling when tho tompcr.itiire of tlio globe is 1° to 
the rate of coohng when tho temperature of the globe is 0“ the exee.Sb ot tomperatnro 
being in both eases the same. Miikingfl=20, the results conta ined in tho above table 
give us for a® .= a® tho value 116, whence we get a = ‘V 1 16 = 1 0077. Dulong and 
Petit found that the dependence of the rate of cooling ui vacuo, of a licatod body, upon 
its teinperatnre, and its excess of temporaturo over that of llio envelope, might he ex- 
pressed by tho following equation — 

A = M.a«(a‘-1), 


whore A is the rate of cooling, M a constant depending on the mass, extent of surface, 
spociflo heat and emis.biTQ power of tho liodv, and a, 0, and i Imvii llni meanings 
aboady assigned to them Tho iramorieal value of Min Duloiig and Pet it’s experi- 
ments may bo deduced from any of tho results given in the t.iblo lluis, taking t = MO 
and 0 ■= 0, wo have for tho rato of cooling A = 3'88, and thoroforo 


The values of tho constants M and a rcqnirn to ho determined in every case by special 
experiments , M necessarily varies from one body to .inolhcr, and it lias been proved 
hy Dell! Provost.iyo and Des.iius, that. a, or the latu at wliich the rate of cooling 
for a constant excess of tempcr.il nre of 1° luere.isob lul h rise of teinperatiire, is different 
for different bodies If tho coefticient a wore the s.amo for all bodies, wo slimild liavo 
for the rates of cooling of any two bodies iiiulor the s.amo cifeumstancoa of temporaturo 
A= M . 1) and A’ = M' . a0(rt‘— 1), and thoroforo 

A M 

-rr ■= cv; = constant, 

A‘ M' 

that is to say, tho rates of coohng of tho two hodies would bo to oneh other in a constant 
proportion, so long ns they both had tlio sumo lomperaliiro, .iiid tlin Biimo excess of 
temporaturo over surrounding objoefs But the vales of cooling, other tilings being 
oqusi, must tjepond on the r.idiating powers of tlio two bodies, winch tliniefore, under 
tho circnmsbineo ' ■ ' be to eiieli oilier m a const.iiili r.itio To 

iiscortaiii wholhoi i existed. Do la I’rinosl.iyn ami Dusams con- 
nected a stnp of • which was coaled witli 'lamiihhick, and I lie 

other with borate of lead, with the tormmnls of a galiauie hattiry, so lliat, by sending 
through it an electric current of greater or le.ss intensity, its tenipor.il lire could he raised 
to any required point, and pl.ieed it between two tlHi'ino-electric piles, rogulaling tho 
relative positions so tlint, when the strip was heated by a nioder.ite euri'cnt, the olfcct 
of Its radiation on both piles w.as exactly the s.iine On now rinsing tin' tcnipcr.itnro 
of the platinum to a higher degioo, it was found that this iquiiUty of radi.itiuii w as no 
longer maintained, the blackened side radiating more ho.it limn tho sido ooatod wnth 
borate of load, so that, uRer tho piles h.id been adjiistod to equality of ollbct witli Die 
platinum strip nt 100°, they uidic.ited differencos in the ainomit ot nulialion from its 
two sui faces in tho latioof 0 76 to 1 when its tomporutiirc was llonce Hie 

emisBiie powers of different subMfniiecs do not v.iry according to the same law willi 
v.iriotmns of tomperatnro, and therefore tho qiiuiitily doiiotod ahm e liy a is not tlio 
same for aU bodies. 

Jt w.is supposed by Newton tlut tho rato of cooling of a given body was diioollv 
proportional to tho excess el its temperaturo over that ot siirronmliiig objools Jt Ims 
been .ilroady pointed out that Dulong and I’l-tit’s experimoiits piove Ihi.s'iinl lu b.. Hie 
case ; nevertheless Newton’s law of cooling eorrespouds leiy chisoly with tin ir I'oiiiml.i 
when tho value of fl is constant and tliiitof I small, .mil lln'rohiiu the I'.iotor a" — 1, 
which expiesses ihe effect of tho excess of tempi raliiro of Hie ooolnig body, iiiMoly 
proportioii.il to t, which denoti-s that excess In the easosof most fn quoiil ooonrii iioo, 
in which thul.iwof cooling has to he taken into accouiil, —such, for iiistanoo, as the 
calculation ot the corrections to ho applied m ealormietrie.d expurinn nts for difloronoos 
of temperature between the calorimeter and external ohjoets (soo Hi.vr, ni. 27)— tliu 
above conditions are very iipproximalely fulfilled, and lienee, in snoli ousos, NomIoii's 
law may generally be applied iinstead of Ibo more uccimile, bat mure eumplieiiled, 
formula of Dulong and Patit 
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Wheu a heated body is m contact with air or any other gas, as usually happens in 
ipractice, it loses heat not alone by radiation, hut also by conduction and comiaumeation 
of heat to the particles of gas Hence, in such a case, the rate of coohng may be 
represented by 

» = A + Ai, 

■where A represents the cooling which is due to radiation, and A, the coohng due to 
conduction, &o Dulong and Peht found espenmentally that the term Ai may be 
expressed by the empmcal formula 

Ai = H p". 

where H is a constant depending on the mass, extent of surface, and nature of the 
cooling body, and also on the nature of the surrounding gas , p is the pressure of tlie 
gas , 0 IS a constant depending on the nature of the gas, bemg 0 45 for air, 0 38 for 
hydrogen, and 0 617 for oarhonic anhydride; and t is the excess of temperature of the 
eoolmg body 

The complete expression for the rate of cooling of any given hody whose tomperatm'o 
is f + fl, in a space whose temperature is 6, and in contact with a gas whose pressure 
IB p, is therefore 

V = M.o«(a‘-l) + N 

This equation may be put under a somewhat different form. If we denote the weight 
of the coohng body by P, its specific heat by C, its superficial area by S, and the 
quantity of heat given out by a unit of surface lu a unit of time hy W, we have, for 
the quantity of heat given out by the whole body m a unit of time, 


S W => P . C . 0, and therefore v = 

But, since W is made up of two parts, one of which = «» is proportional to al (a* => 1), 
and the (fther = w’ is proportional top" . t'-*, we have const. =■ H, and 

s const. = IC; we may therefore w: 

and H = I 

and hence 

e = - 1) + 

” W = H . as(o‘ - 1 ) + K .p" t's". 


S 

‘FTC 


In order to apply this formula to special cases, it is necessary to determine, experi- 
mentally, the numerical values of the constants H and K. This has been done in the 
ease of several substances by Hopkins (Phil. Trans. 1880, p. 379; Proo Hoy. Soc. 
X. 614), whose principal results are given m the following table, where W expresses, 
in terms of the quantity of heat required to raise the temperatuie of 1000 grams of 
water 1° 0., the heat given out by one square-foot of surface in one minute ; a, t, 6, and 
p have the meanings and values already assigned to them, p being measured in metres 
of mercury : — 

Absolute Endsme Powers. 


SubBlance. 

Fmlssion per square foot per mlnuie 

Glass . . . 

W 0 588 - 1) + 0 03720 «’« i ■*» 

Dry Chalk . 

W = 8 613a»(«‘ - 1) + 0 03720 

Dry New Red Sandstone . 

W = 8 377a»(a‘-l) + 0 03720 

Sandstone (iaiWiHp sione) 

W = 8 822a«(«*-l) t- 0 03720 

Polished Limestone 

W = 9 106 - 1) + 0-03720 t >•”> 

Unpolished Limestone | 
{same block as the last) j j 

W = 12-808oV-l) 0OS720^g?^y«i 
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The more recent researches of Do la Provost aye and Dosains have served in tho 
main to confirm the accuracy of Dnlong and Petit’s fomiula . hut, m order to make 
it reproduce still more closely the results of ohservation, they huvo introduced soino 
modifications , for which wo must refer to their original papers. (Ann. Cli. Phya. [3] 
ivi 337, xxii 358.) 

Still another circumstance affecting the emissive power of bodies for radiant heat 
has been pointed out by Clausius (Pogg .^n. cxxi 4.3), who arrives by mathoma- 
tieal reasoning at the conclnsion that the emissive power of a body depends on the 
velocity with which rays of heat (or light) are propagated through tlio surrounding 
medium, the eraissivo powers of the same body when immersed in any two media being 
to each other m tho inverse ratio of the squares of the velocities of prop.igatiim of 
radiant heat m those media, or. what comes to tho siinio thing, in the direct ratio of 
the squares of the indices of refriietion of tho two media And liy comparing tlin 
radiation of heat through hydrogen and through carbonic aiihydriile, from tlii' hluclmncd 
surface of 11 metallic ves,scl filled with boiling water, V fluiiitiis IeiHiis(Pogg Ann 
oxxvii, 30), behoves that he has obtained an oxporimeiitiil verification of Clausius’s 
deduction. 

Qualitv of Etmtted Mays , — huvo hitherto considered only tlioso circum- 
stances which aifoet the total intensity of tho rudi.ition by hnatod bodies, but tho 
quality of the heat emitted, as woU us its quantity, vanes with tho tompiiraturu and 
nature of the radiating body. 

By comparing together tho relative penetrating powers of radiant lie, it from 
different sources through a great variety of suhstiinces, Melloin found that, as a 
general rule, the higher tho tempernturo of the radiating souruo, tin greati'r w.is tlm 
number of different substances through which a givaler or less proportion of the 
radiated boat was capable of passing Hoiico ho concluded that tlie lie, it radiated by 
sources of low temporaturo was move homogeneous than tho boat radmted by simrci's of 
high tiimpcratiire, the lattor containing rays eapiihlo of poiiotrathig siihst.inces tliioiigli 
which none of tlie rays emitted by sources of low tompuvatuve were able to ji.iss, On 
tho theory wo have adopted as to tho iiatiiro of radiant heat, tins is equi^'iileiit to 
saying that, among the heat-waves emiUed by sources of high tenipoiMtnrc, there is a 
greater variety of wave-lengths than there is among tlie waves einiltcd by soiirees of 
low temperature But at the same time that new kinds of rays arn siici'cssively emitted 
ns the toinporatnro of a radiating body is raised, Molloni showed tliiU, the rajs 
previously given out by it still continue to bo omitted, and with inere.ised lutensily, 
(See La Tkemochrose, pp 311 — 316 ) 

By examining, m tho manner th.it li.is been mentioned, the luiit radiated liy im lals, 
whether polished, varnished, oxidated, or lilaekeiied, as well us by wood, li .illmr, or 
marble, when each was heated to 180-’, Molloni was unable to deteel .iiiy difitweiiee 
of quality (Op cit ,]>. 325) , but between the lie.it ladiated from a source at 1(1(1°, and 
that radiated from a souren at 400°, he found very marked diftcrcnees. By expcrnrmnl- 
ing in a similar manner, Knohlaiich could not detect any dift’crcnce of ipiahty in 
the heat r.idiatcd by such various substaiieca as metals, wood, porcel.iin, leatlier, elotli, 
and cardboard, when heated to temperatures between 30° and 112° (I’ogg Ann. K.\ 
352) Moreover, Draper (Phil Mug. [3] x\x 316) found, hyhf.iting very iiininis 
substances, such as platinum, chalk, m.irhlc, fluor-spar, hrns.s, antimony, gas-carlimi, 
and load, in a gun-harrol, that they all hocumo red-hot, llial, is to say, tlnq ,ili 
began to emit red rays, at tho same temperature, estmmtcd at 52.')° ; and il, liiis hcim 
shown by Kirchhoff (Ann. Ch. Phys. [3J Ixn 179), that, on tluoi'i'tnul grimiids, 
such must he the case- that, in fact, all bodies whoso tcmtiiiratiiro is gi'.idimll} raised 
begin by emitting r.iys of the same wavo-length; at a certuui l(imp(‘i,tmi'e all beeunie 
red-hot, and at a certain higher temporaturo, wluVli is the sanio lor all, tin y liegiii to 
omit orange rays, tlien at ii still higher tomper.ihire yellow lajs, .iml so on— ravs iif 
greater and greater rofrangibility making their .ippnaranee as tho tmipi laliirn rises 
This conclusion is in exact accordance with an experiment long pu'vnm-lj iiiadu by 
Draper (loo. cit) This conststed in examining, by mcuiis of a prism, llin i.ijs 
emitted by a platinum-wiro raised to siiccessively higher and Inplmr ilcgiios of m- 
caiidesconee by schdiiig an eloctiic eurroiit through it The first Msilile rajs wlmli 
the wire emitted wore red , then, when the temper, ituie w.is raised to abniit (150°. 1 lie 
prismatic appearance of the wire was that of a spectrum extending fiom the n d .m far 
asPraunhofer’shnoPmthe^reen (m. 621), at .i temperature estimalcd as 71K°, .i 
narrow strip of blue was visible in addition to tho proiious eolniirs , .it 7S2’ 'tlie 
spectnim reached towards tho more refrangiblo end .is far ns tho line (_, in the inilien, ami 
at the other end, tho portion between the lines B iiiul A wliieh w.is not i isible .it 111 si, 
had made its appearance, thus proving that tho einibsion ot raya ol gn.iler rcfuuigi- 
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bility wis accompanied by increased intensity of the- rays previonaly omitted. Lastly, 
at 116S°, the extent of the spectrum was nearly equal to that of daylight. 

But although the quahty or wave-length of the individual rays which constitute the 
total radiation from a heated body, depends solely upon the temperature and not upon 
the nature of the radiating body, the latter circumstanceexerciaes an important influence 
on the relative intensities of the rays of different wave-length Comparing radiant 
heat for a moment to a compound substance, we may say that the radiation from 
different sonroes at the same temperature consists of the same component parts, hut 
that these components are not present in all cases in the same relative proportimia 
Hence when the radiation fi'om cUfferont sources at the same temperature is examined 
as a whole, it sometimes appears to differ not oiily_ in intensity, hut also in quality ; 
whereas the real difference is in the relative intensity of the rays of particular wave- 
lengths. It is m this way that we must inteipret the observations of De la 
Provostayo and Desains on the heat radiated ftom a surface of copper, heated to 
173°, one half of which was covered with lampblack, end the other half with cinnabar ; 
obaervatiouB which proved that the quantity of heat capable of passing through a thin 
sheet of glasswhich was radiated by the lampblack, was to the quantity of heatcapahle 
of passing through the glass radiated by the cinnabar, as 100 to 67, although the total 
quantities of heat radiated by the two buhstanccs respectively were to each other as 100 
to 87. The same remark applies to the experiments of Melloni ( Thrmoehrise, p, 178), 
Knoblauch (Pogg. Ann, Ixxi 63), and Tyndall (Phd. Mag [4] ,xxviu 627) on 
the different oharaoters of the heat radiated by certain feebly luminous flames, and by 
a spttal of platinum-wire made incaiidesoent by the same flames , us well us to 
Tyndall’s experiments (i4«f p. 614) on the differences between the radiation flora 
lampblack and platinum at 100°. lu certain experiments by Magnus (Pogg Aun. 
oxxiv. 476, Phil. Mag. [4] xxx 81), which appear at first sight to establish a difference 
of quahty, between the heat radiated by pohslied platuium and by platinum covered 
with a pulverulent coating of spongy platinum, depending on the nature of the vadut- 
lug surface, the observed effects were clearly due m reality to difference of temperature, 
the platinised platinum havuig a greater emissive power than the bright platinum, and 
being m oonsequonoe more cooled than the hitter Accordingly, the genoial result of 
tho experiments was that the rays of greatest wave-length (lowest vefcangihihty) 
constituted a larger proportion of tlie total heatradiated by the plutim&od platinum than 
of that radiated by tho polished metal. 

In further illustration of tho qualitative differences between the heat radiated by 
different sources, it may be mentioned that, according to Tyndall’s expenmeiits, the 
proportionate intensity of the rays, whose wave-length is greater than that of red 
hght, to the intensity of the total radiation is as 24 26 for the radiation from the 
brightest part of a flame of coal-gas, as 23 : 24 for tho radiation from platinum at a 
dazzling white heat, and as 9 . 10 for the radiation fr'om the electno hght produced by 
discharging a Grove’s battery of 40 cobs between cai'bon points 

In the case of most solid bodies that are sensibly opaque for both light and radiant 
heat, the emissive power does not exhibit any abrupt variations for rays of different 
wave-lengths ; certain transparent sohds, hov^evor, have decidedly greater powers of 
emitting rays of certain determinate wave-lengths, than they have of emitting other 
rays {ind ivfr. p. 60). Gases and vapours, on the other hand, generally possess very 
marked maxima of emissive power corresponding to particular rays thus, the emissive 
power of sodium-vapour is incomparably greater for a group of orange-yellow rays, 
coinciding in refrangibiUty with Jlrairahofos line D, th.in for any other visible rays , 
hthium vapour has a maximum, of emissiie power for red rays of refrangibility 
intermediate between Fraunhofer’s linos B and C, another, hut much smaller miixinnim 
for orange rays of somewhat less refrangibihty than the lino D, and a third, still 
smaller maximum, for blue rays intermediate in refrangibihty, between the hues f 
and G ; potassium- vapoiu', again, has maxima of emissive power for red rays, equal 
in refrangibihty with the line A, and for violet rays somewhat less refrangible than 
the line H, while, for nearly all the rays, whose retrangihihties are intermediate 
between those of the lines 0 and F, it has a low, hut almost uniform emissive power 
(See Lioht, m 622 ; also SPEornAi Anaivsis). About the emissive powers of 
vapours and gases for rays of lower refrangibility (greater wave-length) than tlie 
least refrangible red rays, nothing exact is known , but there is no reason to doubt 
the essential similarity of their invisible to their visible radiation; and Tyndall has 
shown that, at temperatures not very greatly exceeding the ordinary temperature of the 
atmosphere, there are well-marked differences between the emissive powers of different 
gases and vapours. 
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Absorption of Badiant Ilcai. 

It has boon explainod alre.idy (p 43), that whon riidirtiit lieiif iiiTivos iit tlir Huvf.ioo 
of a mutoml body, part of it is always rofloctod, oithor rogiiliirly or diffiisivoly , liut 
tins roflcetioii is never complete; aiiotlior portion of the bout penetrates into the 
Biibatanco of tho body, and according to tlio particnlar propoUies ot the litter, is either 
wholly or in part transmitted through it, oi is wliully or in part aniulnlatLHl, causing 
an increase of tomperaturo in tlie body. It is tine pj-tinetion of radnint In at in 
causing rise of tempor.ituro ni m.itpnal bodies, that eonstifiilps tlio pheiimiienon of 
ftliHorption. Upon the nndiilatory tlipory of radi.iiit bo.it, we iinist conceive of iL as 
consisting in tbp production of vtbr.itioiis ot m.itpri,il p.irlielcs hy tin nnlnnging 
waves of other Upon this view, it is ohvious that the iiliniiioiis p\eifed li\ i.idi.iiit 
heat cun never ho more rapid than tlioso of the r.iys thcmsplvps, nor, llieielore, tliiiii 
those of their source , in other words, .i body cun iipvpp ho luisid by r.idialioii to .i 
liigbor tpinjior.ituro than that of the body fium wbn b llie r.iys urn pinilli d , and it is 
likewise obvious tlut whatever rays a body most plpiililiilly eniits, tliosp it lull abo 

most plontihilly absorb Jlotli tlipsc dodiictiniis from llipory liim* piled tlm iiinst 

ooinpleto vctdieiition from pvperiraeiit , ni f.ipt tlio pliononn n.v ot absinjilnni liaio 
boon found to presont, oven ni tbo miiiutist particiil.irs, tlio exact eouiiteriiiut ol llioan 
of emission, as upon tbo iindulatory theory they must necessarily do. 

The aliBorptivo power of a HuliHUiioe, or its i iiefmnii oj ahvn ption^w the ratio of 
the quantity of boat absorbed to the qu.nitily of lie.it iiliieli is nindeiil, itiinii it 
Calbiig tbo quantity of limit absorbed (J', ami the total quantity of iiicideiil beat (1, Ibu 
cooffloiont of absorption may bo roprosented by 



If a body absorbed .ill the hp.it nlneli fell upon it, its PopffuMPiit of .ibsorplnni 
would attain a m.iximum value =■ 1, hut the absorptioii-poi lUcipiit of tin Kmiwii 
suhstiuice quite roapbes this iimx-imtim, though that of lanipblupit piobably uinlo'S a 
noBT appro.ich to it 

Tho pxpormipiital inoasurompnt of the absorptiin powers of dilfnrput sulistanees is a 
problem of ronsidmiblo eomplcxily The llrst person to iitteiiipt its solnliou ims 
Sir John Leslie {Expio ntx ntul Iixjinri/ iufnthi Ihtit, J.oiidon, ISOIl He 

coated the bulb of a differential tborimniiplpr aiioeessivply it it It the diHeieiil snbstiiii ps 
to bo examined, and obsevved the tpiiqipiiitoip wUipU the tin iinoiiielei' utl.iiin il in 
eaoh case when it was expased to the ixidi.ilion ofa sourip of Ponsliiiil iiili nsin 'I'Ini 
resnilts wore stated with riifpreiipe to tbo absorptne powerol l.iinpld ml ; palling lln ,ib- 
sorptivo power of tins siibstaiipp jtj, and the < xppsh of lim|M i.iliiiv .ilmip tin sni'imiiid- 
iiig air attained by the tbermonipter when ils bulb u.is eo.tted with lamiililiiel! 
Leslie assumed that the reluliip absorptive ]Ki\i<r A ot any ellur Mdist.nicii vliicli 
caused the thermometer to acquire the excess of toinperatuiu f, might be dediiced fruiu 
the equation 

A I 

A, “ f, 

I'hisiissiiniption, however, is iiotcorrpct. When the tliprmnmetprb.is brcnnip slnliini irv 
at some m.iximum point of temperature, it is beeauso it is I In n gii iiig nut pi ceisely ns 
jniieh heat ns it absorbs If wo denote by 0 the eonslaul, (|imiitilj of beat wliuii bills 
upon the thermometer, the quantity absorlppd in tbo two cuHt s will be 
0, . A and il A, ; 

a, idif R 18 the superficial area of llu lliprinomiter-bulli, and U, .iiid li llm rcspi'i I ivn 
emissive powers of lampblack and the sulmlimce to be louipiuvil willi it, wi hli.ill b.n,. 

OA >= Slit and q.V, = .Sliff, 

A E t 

Ai ” El q 

Hoiico we see tluil the temperature attained by the (lieimouu ler depeiuls nn Ibu 
emis,sivo power as well .IS oil the absorptive powei ot ilit sidistmieu wilh wlneli it is 
coated, and can only be t.ikon as a mciisiire of the funnel, on the snpposil luii (winch 
we know to bo erroneous) that the cmisHivc power of .ill snbstam i n is tlm s.nim 

A somewhat similar but ixilbor more iwcuinte process w.is empbwed by TiruUnni. 
Ho coated one aide of a thin copper disk, a little larger I liiiii the oiHiiiiig of I hr c miic.il 
reflector of tbo t.hevmo-eleetric |iile, with lampblack, mid the otlu c '■nle villi llusiib- 
siniico to boexammed, and ti.xcd it cW .ig.niist llie open end of llie lullertor w nli ilic 
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Slackened side inwards. On now exposing the outer surface of the disk totho radiation 
from any source its temperature rose, and it consequently itself began to radiate heat 
from its blackened surface upon the thermo-electric pile thus causing a deflection of 
the galvanometer, which, after a certain time, reached a maximum at which it remained 
constant. Denoting, as before, the quantity of incident heat by Q, the absorptive and 
emissive powers of the substance by A and E, and the corresponding quantities in 
the case of lampblack by Ai and Ej, and further putting S for the area of one aide of 
the disk, we have for the quantity of heat absorbed by the disk QA, and for the 
quantity of heat emitted by it SEt + SEjf, where t represents the excess of the 
temperature of the disk above that of eiirrounding ohjeets. When the temperature 
of the disk has become stationary, these two quantities of heat are equal, that is 
Q.A = S(E + Ei).<; 

and if both sides of the disk are covered with lampblack, its temperature becomes 
stationary, when 

0, . Ai = 2SEi . <1 

Hence for the relative absorptive powers, we have 

A E + El t 
k, “ 2Ei ■ h 


It is evident that the value of the factor — ^ — , which appears in this equation, 
must always lie between the limits J- and 1, and that it is always more nearly equal to 
unity than the factor g , which ocoupies the corresponding place in the equation 


applicable to Leslie’s experiments ; in other words, the effects measured by Melloni 
were more nearly proportional to the ahsorption-eoeflioieuts of the various substances 
than the effects measured by Leslie. The valnes of the absorptive powers of vai'ious 
substances, as thus estimated by Melloni, are given in the following table, compared 
with the absorptive power of lampblack taken as 100' — 




Sources 

of Heat. 




IncandesLcnt 

platinum 

au®: 

stk 

Lampblack 

100 

100 

100 

100 

Indian ink 

96 

96 

87 

86 

White lead 

63 

60 

89 

100 

Isinglaes 

62 

64 

64 

91 

&um-liio 

43 

47 

70 

72 

MfitaUio surfaces .... 

14 

13'6 

13 

13 


This table shows not only that different substances differ greatly in absoiptive 
power, those substances which have the greatest emissive powers being also the best 
absorbers, but also that the same substance exerts very different absorbent actions on 
radiant heat from different sources And it may^be observed that although, for the 
reasons already stated, the numbers in this table do not represent quite accurately the 
relative absorptive powers of different substances, they do express accunitoly tho 
rel.itive absorptive powers of the soinc substance for different kinds of heat. For, if 
we denote by A and A' the absoi-ptive powers of the same siibstaneo, for tho beat from 
two different sources, and by t and t' the excess of temperature attained by the disk 
under tho radiation from the respective sources, we shall have for the conditions of 
equilibrium of temperature in the two cases, 

QA =. S (E + El) . t and QA' = S(E + Ei)i;' 
tho difference between t and t' being, under the circunistanecs of tho experiment, so 
small that we may consider tho emissive power of tho substance constant, and represent 
it in each case by E. Hence we got as above — 


A E 0- El t 

Ai ^ 2Ei ' 


41 E_j^i t' 
Aj “ 2Ei ■ ?. 
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]?rom tlie foregoing diseii'iBion of Leolio’s and Mc-llom’s ovin riiin.'iiti, it niU Ijo 
ovidont that in oniov to bo able to dndiieo tho absorptive powers of v.ii’iuiiti siilj-tanpcs 
from the elevation of temperature which they undergo under tlie intliu iiu: of mdi.int 
heat, the conditions of tho experimenta must bo such that tho rpmutily of lie.it eiiutted 
by e.ich substance shall be tho same. 

These conditions were fulfilled for tho first time in the experiments of Be la I’rovo- 
staye and DoBiiins (Ann Gh Pliys. [3] xxx 131), tlio general prmeiple of whose 
method will be intelligible from the following coueidcrations. If a thcrmoiurter, 
pl.icod inside a closed and exhausted envelope, ivmuius at a constant tmiperaUivu, it can 
only be because tbe quantity of beat which it omits in .i giien time, is jiroeisely equal 
to tho qinintity it absorbs of tbe heat r.idwted upon it fruin tlio envelope The quan- 
tity of heat emitted in a unit of Uiiio isphunly = ». P. c, if r dciioti“. tlie ratn of pooling 
of the tbernioniatcr iiiulcr tlio given conditions of lompnratiirc, P its m.iss, ami c its 
specific ho.it licnec, if Q, is llie quantity of heat r.ulialed )iy tho oiivelopii, and A (ho 
eooffleient of absorpition of tho substance, 

OA = u.P 0 

If now tbo Biinio thermometer is covered with lunqibbick, willi (lie absmqitimi-euofii- 
cionb Ai, tho envelope and its temperature rcinaniiiig imcliaiigi d, wo liiiMi also 

QAi = ui.P « 

and therefore 

A = Ai?; 

that IS to say, the determination of tho relative uhsoibiiig powers is resolvisl mtu a 
determination of rates of cooling 

In the practical application of these pniiciplee. Do la Provostaye and Besauis 
employed a very sensitive tlicrmonietor with a spherie.d bulb, whieli tin ) eoalod siie- 
eesBiiely with the substaiiceB to be examined. The tluirnioiiietor was li\pd ui iMoh 
experiment in exactly the same position in tho interior of .i metal globe, bl.iekened on 
tbe inmde, exh.uisted of air as coinpilotoly ns possdilo, and kept at a eunstant lempei.i- 
tnreby being eumunded with water. In tho side of the globe was mserti'il a eoiiviix 
lens, the focus of which was a littlo lu front of the tliermometiT-biilb. Py mi'iiiis of 
tlus lens, the surface of wliiob was .so small, eonipiired willi the total iiitei inr sui liieo of 
the globe, that it did not iimko the lose of heat by the tlierimmietf r si iisihlv (lill'ereiit 
from wli.it it would have been if the surface of the globe had bi>eii iinlii'oki ii ami of a 
nmfonn temporatnro thioughout, the heat of the sun or of .i lamp l•(lulll Im eimeeiil lated 
upon the bnlb of the thermometer The temperature of the theriimim ler tlieii roM', 
until It boeame stationary at the point at w'liieli the loss of lii'at by mili.itiuii exactly 
baloncod the gain of heat by absorption The stutioiiuiy tempi ratiire hiiiing bum 
found, tbe rate of cooling eorrospoiiiliiig to this temperature was iiscci taiiiul hysqia- 
rate experiments ; and such dotermiii.iUoua h.iving been made when tin* (henumiieler 
was coated with several different huhstaneos, the eocftieioutB of absurplum ol theaii 
BubstanccB could bo deduced as nbovo expl.uued The foUuwmg (able gnes tho 
results obtained, compared with the coefficient of ubsorjitiun of laiapblai k taken u» 


JiilaHi%Coefficienis of Ahmjitmt. 


1 Solnr licflte 1 

Siibstdure 

Cof>Uli Ipiits tif 

AbsnriHiim 

White lead .... 

0 1» 

Gold-leaf .... 

0 13 

Silver-leaf .... 

0 075 

Heat of a M 

dcrator '* lamp, 

Platinum black . 

1 

Cinnabar .... 

((•285 

White lead .... 

0'21 

Silver, pulvorulent 

0'21 

Oold-lcaf .... 

0 01 
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In the case of certain suTietances, another luetliod is applicable for the determination 
of their coefficients of aheorption, and this method giTes absolute Tallica for these 
coofficiente, and not merely oomparatire values referred to some one substance chosen 
arbitrarily as a standard. According to what was said above (jip 43, 441, a quantity 
of radiant heat Q falling upon a material body is in general hrolcen up into four parts, 
of which one QA is absorbed, another Q,T is trausniitted, another QR is regularly re- 
flected, while the last QD is difiusiveiy reflected Hence, we may write 
Q, = (KA + T + R + D). 

But, for metallio substances, the power of transmitting radiant heat is imperceptible, 
and many of them, when thoroughly polished, do not diffuse any sensible quantity of 
heat. Hence, for perfectly pohehed metals, T and D in the above equation both 
become = 0, and, for the ooeffloieut of absorption, we have the expression 
g-QB 
Q • 

Por such substances, therefore, the coefficient of absorption maybe found by dividing 
the difference between the reflected heat and the total incident heat by the incident 
heat. In this way, D e la Provostaye and Desains (Joe. at p 442) obtained the 
numbers given in the following table. They remark that they may bo considered as 
applicable to all incidences between 0° and 70°, but that they must be a little in excess 
of the truth for such metals os oanndt be polished sufficiently to completely destroy 
difftisive reflection — 


Ooeffioients of Absorption of Polished Metals 



The close agreement between the numbers given in this table and those given in 
the lust for the absorptive powers of gold and silver for solar heat, prove that the num- 
bers of the last table may likewise be taken as very nearly representing the absohiU 
coefficients of absorption of the substances included in it, or tha^ the coefflciout of 
absorption of lampblack is very neaily equal to unity, as it is there assumed 

Wo may mention here an observation of De la Provostaye and Desains which 
illustrates very strikingly the important uifluence of the emissive power of aauhatanoo 
as well as of its absorbing power, on the facility with which it is heated by radiant 
heat They placed iindei the receiver of an air-pump a differential thermometer, one 
of the bulbs of which was covered with gold-leaf, and the other with wluto lead, a 
small blackened metallic screen being placed between them in order to intercept their 
mutual radiation. After the receiver ivas exhausted, a powerful lamp was placed 
symmetrically with respect to the two bulbs so as to radiate equally upon each of them, 
when it was found — notwithstanding tho absorptive power of white lead for the be.it 
of the lamp being 0 21 and that of gold-leaf only 0 Ol^tbat the gilded bulb was most 
heated. This, at first sight, paradoxical result is easily understood when it is remem- 
bered that, altliougli white lead absorbs five times as much of the heat of the lamp 
ns gold-lB.if does, its emissive power for obseuro rays is twenty-five times as givat aa 
that of gold-leaf. 

By comparing the above numbers and those of Melloni (p. 67) with tho niimhers 
previously given (p 48), for the emissive powers of various suhstances, it will bo 
seen that the beat absorbers of heat are also the bodies which radiate moat abundantly, 
wliilc the worst absorbers are also the worst radiators. And if this comp.u-iaoii is 
carried further, it is found that the correspondence between the absorptive and, emissive 
powers of bodies is not merely general but exact ; that, in fact, any circumstance which 
modifies the omissii e power of a body in any manner whatever, modifies its absorptu e 
power to a precisely similar extent, and in precisely the same way. Thus, talcing 
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Molkiii’a (letormitmtions of tlin cmiasivo powciaof certain .substances at 100°, and of tlie 
ttbaorptivo powers of tlio same subatancos for the boat radiated by copper at 100°, wu 
find tuo following roaiilts ; — 


Lampblack . 
■White lead . 
Isioglaas 
Indian Ink . 
GtumJae 
MetalB . 


100 

100 

91 


85 


72 

13 


Again, it baa been mentioned (p. 60), thatirben a lioatcd body is coveicd wilIi a tliiri 
Qoating of a substance which i.s more or lc.s3 transparent for Jic.it, llio I'liiissne pmu'r 
increases with the thickiiPHs of the aupeiGciul ftliii J’reei.si'ly similar resulla Inivu lii’cu 
obtainiid by Knobliiuolt in the case ot absorptioii, lie I’oveml a nu'l.illir plate mtli 
layers of -varmsh, black lac, iiiid white load ot various tbiekiii".ses, and fuiiml tli.it in 
fttcU caao tlio absorption increased wiili the tliiekiiess of the litjer In oidii, Innieier, 
that UiiB effect may bo purcuptiblo. It IS neeoaaary that tliu lot.d llncknc'.s hliould bo 
bat Binall ; otherwise the external coating, in cmiMspiciice of it h low conilucl mg ]ioWi r, 
breomea heated at the anrfaoo, and then the increased ennesioii niiiio tli.m eunnler- 
baiuncBs the hotter ahsorptiou 

'file corrcspoiidcnec between emission and .ihsorptioii n.Unriilly rxteiidH to visible 
radiant heat (light), as well as to invisible heat, .uid in tins eitso many ver) slrilving 
observations in confirmation of it c.in ho made with very aiiiiido nie.iiis hnr in'.t.nice, 
Balfour Stowart has pointed out (Pioc Hoy Sue v, !1H5), that vlieii a black and 
svhito china cup IS heated in the tiro and held in the dark, the parts ol ihe iialliiu 
winch by daylight nro black, 111 consequence of their idisorlang nearly all tlin Msible 
riiys wliioh lull upon them, are more liimiiioiw than the jurts which by da\ light am 
white, in eonaequeiico of dift'nsivoly rettecting nearly all tlmsisibhi r.iys winch they 
receivo Tho aamo obsorver has also shown that media, which am ojiaipie I'm ci i (am 
rays bnt transparent for others, emit, when heated, iviya of the kind for which liny are 
opaque, thus, red glass svhich ahsorba greenish rays, winta grceinsli rays win ii In .ili d 
and viewed in the dark; while green glass, wiliich iihsorhs red rays, (mils led i.iys 
Tho omission and ahaorptioii of riiy.s of tho siiinu svave-Icnglli ih shll more slrikingly 
exhibited by gaseous bodies It biia boon already stated (p 56), that these suhslaiiei's 
usually omit rays of eertam detliiito degrceaof refiiuigdnlity, or leiiglli ot waie, with 
miicli greater intensity than other rnys,aiidit hashroiipiovid by K ireli lioff lhal Ihn 
rays which ft gas or vapour most readily nbaorba are precisely those w Inch if. most 
freely omits (see Liokt, iii G22) The identity in the absorluiig and emitting pi'iiper- 
ties of the same body has been foniid to liold good eien iii leepeet to the sfatii ot polar- 
isation of the rays absorbed or emitted Tiins at ordinary tempi nitiires ft pliile of 
tourmaline, out with faces parallel to tho principal axis of the eiyslal, transmils, w itli 
little diminution of intensity, rays polarised m a plane perpenilienlar In the avis, but 
absorbs almost completely rays which are polurised in a pliimi piiralb 1 to tile axis 
( 111 . 666) , untl Kircbhoff (Ann C'li.Pliy's [3] Ixii, tad l h.is found, nut only that tins 
differenes of action on differently polarised rays is retained, though m a less'di gn e, at 
teinpocatures at winch tonrmiihno itself becomes luiniiionH, Iml that Ihe light wlneli the 
crystal then omits is iiolarised in the same m.inncr as tho lightwhieh it ali-ei li«. 'i'hn 
same fact was independently oliscvved, at iihont the biime lime by .Stew’.irt (iroe. 
Boy Sec. %. 603), who also showed that tho ahsorptiou mid radiation of beatui tour- 
mahuo are equal in de^ee as 'W'oll as in kind 

Among the non-luminons rays, differences of refr.ingihdity are not reeogins.ibb' by 
any character so dislinclly marked as tho varuma colmirs winch is veal .such cldlereiieis 
in tho case of tho visible rays ; hence, at temperatures below that .it w Inch the) beeome 
Iniinnous, it is less easy to demonstrate that the rays which imrheuhir Nubslaiiees give 
ont are identical in qnidity with those winch they iib.sorli Is'eveilhiless tlm lullriwmg 
observutionBBeemtoprovoconclu6ivelyth.it sueli is tho e.ise. (.'uluuih --s mek-salt, 
winch IS perfectly transpiaront for vibiblo rays, is likewise eu friiiisj,arcul fur ilm im i- 
siblo rays emitted by a surface of lampblack at 100° that a iiliitc of ruck-hult 0 77 iiu h 
thick allows 76 per cent of them to pass, whereas the same pl.ito allows only 30 per 
fient. to pass of the heat radiated by rock-salt at 100°. Similarly, a I liin pi ite of eruwri- 
ghiBB allows only half as much boat from heated erowii-gliisa to pass as from liuited 
lampblack. (B. Stewart. Op. cii, p, 387.) 

It has also boon shown by Tyndall (Pbd. Mag. [f] wiiii 618) tiiut .iqiifous 
vapour IS specially opaque for the heat of ,i hydrogen Ihime, win rein (he primapal 
radiator is uo doubt aqueous vapour, that carbonic anliydude is c.spccially opaqiio i»r 
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the lieafc of a carbonic oxide flame; and aulphnrous anhydride for the heat radiated 
by the flame of sulphide of carbon. 

From the foregoing facts, we may conclude that the difference between the two pro- 
cesses of emission and absorption of radiant heat, is a difference of the kind which 
would be reprcaeuted in mathematics by a difference of sign. The mechanism of the 
two processes, if wo may use the expression, appears to ho absolutely identical, 
but m tbe one ease it operate.s m the opposite sense to what it docs in tho other. 

The equnhty of emission and absorption may he deduced from the fact that a body 
which 13 in equihbrmm with surroundnig objects undergoes no change of temperature 
when the condition of its surface is changed. A thermometer, tor instance, is not 
affected by wrapping its bulb in mushn, and since in this case its enussiye power is 
greatly increased, its temperature can bo maintained unaltered by the same quantity of 
heat falling upon it from without, only if its power of absorbing this heat is increased 
in exactly the same proportion. 

Transmission of Radiant Birat 

In previous parts of this article, we have already had occasion several times to speak 
of the differences exhibited by various bodies m respect of tbeir power of transmitting 
radiant heat, and of the differences shown by the same body in its power of transmitting 
heat fiom various sources. Before pioceedmg to a somewhat more detailed considera- 
tion of the phenomena of transmission, it wUl be convenient to explain certiin terms 
that are often employed in the description of them These terms wore introduced by 
Melloni to facilitate the conception and expression of the fact, first elearlyestabhshed 
by his own researches, that the relations of the invisible rays of heat to material bodies, 
are essentially identical with those of light Bodies which, hke atmospheric air, rock- 
salt, glass, &o — afford a more or less free passage to rays of heat, are callod by Melloni 
diathermic, while tlioso which hke the metals, entirely obstruct tlio passage of 
radiant heat, aio called adiathermic, the corresponding properties, winch we have 
hitherto in this article spoken of ns iramparenee and opaciUj for radiant heat, being 
called diatheimaoy and adiathermacy, sometimes also cliatheimaueitynnd 
adiathermaneity. The properl y oiscUctm iranmmiion which most diath emiic bodies 
possess, that is the property of transmitting rays of certain wave-lengths, and not 
transmitting other ray s, is called therm ochrose (from Sepnir and xpuvis), and bodies 
■which possess this property are termed thermochroic, and those which do not possess 
it athormoohroie. The terms thermoclirose and thermoehroio are, however, also used 
in reference to sources ot boat in whose radiation rays of certain wave-lengths predo- 
minate, and to the heat itself which such sources give out, ns weU as to adiathermic 
bodies which exhibit a power of selective absorption or reflection ; just as, m the ease 
of light, the words colour, coloured, &c , are used equally in speaking for instance, of 
the flame of alcohol charged with chloride of sodium, ot tho light which such a flame 
gives out, of a piece of yellow glass, or of a piece of gold, and the same woid, i/eVow, is 
used to describe the light itself, tho flame which enuts it, the glass which transmits it, 
and the metal which reflects it. 

By maintaining a constant source of heat at a constant distance fiom the thermo- 
elcotrio pile, and interposing between them various substances in succession, Melloni 
was able to determine, on the one hand, the influence of the transmitting substance on 
the quantity of heat transmitted ; and by placing different sources of heat at such 
distances from the themio-electne pile that each caused tho same deflection of the 
galvanometer, and interposing the same snbstaneo on the path of the rays from each 
source, ho was able, on the other hand, to measure the influence of the boiuob of heat 
on its transmission The following tables contain tho results of a large number of ex- 
periments of this kind. 

The four sources of heat employed in tho experiments, the results of which are given 
in the first table, were— 1st, an oil-lamp (Locatelh’s), with a solid square wick and 
without chimney ; 2ud, a spiral of platinnm-wire heated to incandescence in the flume 
of a spint-lamp , 3rd, a plate of copper covered with lanipblack, and heated to about 
400° by the flame of a spint-lamp apphod to theback of it , 4th, a cahical copper vessel 
coated with lampblack, and filled with water at 100° The next table gives in like 
manner the intensity of tho heat of an Ai-gand oil-lamp, provided with a glass chimney, 
after passing through a thickness of 9 21 millimetres of certam liquids, enclosed 
beUvoou plates of glass, the intensity of tho mcident heat being taken as 100 .— 
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Transmission of Jlatiianl Heat bj/ Solids. 


Percentaguof Heat t; 


Jjocatelli's Incandescoi 


Eoek-salt (limpid) 

Sulphur (Sicilian, yellow) . 
Fhior-fapar (limpid) . 

Eoek-salt (translucent) 

Beryl (greenish-yellow) 

Fluor-spar (greenish) . 

Iceland spar j _ 

I (limpid) 

Eoek-crystal (limpid) 

„ _ (sraokyl. 

PotiiBsie bichromate (orange) 
Topaz (limpid) . 

Carbonate of lead (limpid) . 
Sulphate of barium (translucent) 
Felspar (atlularia. translucent) . 
Amethyst (violet) 

Artiftcial amber (yellow) . 

Beryl (aqnainarme ; bluish-green) 
Agate (yellow, translucent) 

Sodio borato (translucent) . 
Tourmaline (dark-green) 

Gum (common, yellowish) . 
Heavy spar (veined, translucent) . 
Selenite (limpid) 

Oitnc acid (limpid) . 

Ammonic enrbonafo (translucent ( 
streaked) . ‘ . . J 

Potussio-sodie tartrate (limpid) 
Amber (natural; yellow) . 

Alum (limpid) . 

Glue (yellowish-brown) , 
Sugarcandy (limpid) 

Fluor spar (dark meen, veined) . 
Melted sugar (barley-sugar? yel- 
lowish) , . . ; 

lee (limpid) .... 


Transmission of liaehmit Heat by Liquids 
Name of Liquid. (Thlrknrts of atrntiim ^tr.u 


Bisulphide of carbon (colourless) . 
Bichloride of sulphur (dark garnet-red) 
Phosphorous chloride (colourless) , 
Chloroform (colourless) 

Nut-oil (yellow) . 

Od of turpentine (colom'less) 

Oil of rosemary (colourless) . 

Colza-oil (yellow) 

Olive-oil (greenish-yellow) 

Eock-od (1 . . 

Balsam of 

Od of lavender (colourless) . 

Poppy-oil (yellonish-wlnte) 
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Transmission of Eadtant Seat hy Liquids (continued). 


N Rina of Liquid. (Thickness of stratum 
= 9 21 inilllmetres ) 

Eectifiod naphtha (eoionrless) 

Ether (pure, eoionrless) 

Sulphuino acid (pure , colourless) 
Noi'dhausen sulphnnc acid (brown) 
Solution of ammoma (colourless) . 
Concentrated nitric acid (colourless) . 
Absolute alcohol (colourless) 

Hydrate of potassium (colourless) 

Eeotified aeetic acid (eoionrless) . 
Pyroligneous acid (brown) . 

Solution of sugar (concentrated, colourless) 
Solution of rock-salt (colourless) . 

Solution of alum (colourless) 

White of egg (yellowish-white) . 
Distilled water . ... 


Percentage of Heat 



31 

17 

17 

15 

16 
16 
13 
12 
12 
12 
12 
12 
11 
11 


The following short table gives the quantities of heat transmitted through a layer of 
water 60 miUiinetres in thickness, contained between highly pohshed plates of glass, 
according to tha experiments of Do la Provostaye and Desaius (Ann Cli Phys 
[S] XXX 286). These results illustrate very well the influence which the source of 
heat exerts upon the relative proportion in which it is able to pass through the same 
medium. The numbers of this table represent the intensity of tlio heat transmitted 
from each source, the intensity of the incident heat being in each case taken us 
= 100 


Transmtsaion of Eadiant Seat th ougli Water 


Source of Heat. Porcentage 

The Sun Solar rays which had already passed through 62 eenti- 

iiiptres of water ^ .... . . 92 

The Sun Total Solar fathation 68 

Argand lump Bays which had already passed through a lens 

and 10 centimetres of water 61 

Blcetrie light (carbon points) .... 23 to 24 

Lime made incandescent in the flame of ether fed with oxygen . 20 

The Sun Invisible rays from a part of the epectrum as 
far beyond the red as the distance between red and tlie limits 

of the green and blue 14 

LoeatoUi or Argand lamp with chimney . ... 10 

Plame of alcohol saturated with chloride of sodium . . 2 to 3 

The Sun. Invisible rays still less refa-angible than the above . 0 


After the explanations that have been already given, the results recorded in the 
above tables do not call for much farther discussion We must, however, direct 
attention to the remarkable properties of rock-salt in relation to i.idiant heat. It will 
be seen that, according to Mellon I’s experiments, a plate of clear colourless rock- 
salt transmits the same proportion (92'S per cent ) of the heat which fulls upon it, from 
whatever source Hence Mellon i concluded that rpek-salt exerts no absorbing power 
whatever on heat-rays of any kind, or lliat it is in fact perfectlji diathermic and ather- 
mochrmc. The 7 7 per cent hy which the intensity of the incident rays is diminished 
hy passing through a plate of rock-salt, Melloni attributed to the effect of reflection 
at the surfaces of entrance and exit, not to absorption within the substance of the 
plate , for if tlus loss wero due in whole or m part to absorption, its amount could 
hardly have been the same for heat from sources so greatly differing in temperature 
This conclusion is supported by the further observation of Melloni, that the quantity of 
heat transmitted by perfectly clear and transpaient rock-salt is independent of its 
thickness, being always 92 3 per cent of the heat incident upon it , whereas if two 
plates of rock-salt are used instead of one, m which case the number of reflecting 
surfaces is doubled, the percentage of heat transmitted is reduced to x =. 

85 2 According, however, to the more recent experiments of Dela Provostaye 
and Desuins (Compt rend xxxvi. 84, lt)73j, as well as of Tyndall (Phil. Mag. [4] 
xxvui 632), rock-salt does exert a slight hiit perceptible absorbent action upon rays from 
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sources of low tBmpor.itiiro, and an experiment of Stewart’s 1ms hoim alreaily 
mentioned (p. 60) winch shows it to bo op.iqiio to a great extent for rays oniitfed by 
rock-salt. 

In the ease of all other substances except rock-salt, the thickness of tlie transmitting 
stratum, as well as the nature of the source of heat, has a gre.it intlnenco on llni 
amount of heat transmitted. The ciloct of lari.itions of thickness was ni.idn by 
Molloni the subject of an extonded experimental inveatig.ition, but, before giving tlm 
numerical results arrived at by him, it will be well to explain tlie thenretieal investi- 
gation of the same subject by Biot (M'ni dc VAcadem dck Scirnas, xn Kifi.— 
Bagui n’s Trmti iUi)ie7iimre de rhi/tique, ii 62) Suppo.se a pencil of r.iy s of sensibly 
the same wave-length to fall pei’|ieiKlieiilurly upon a plate of some ilintlierniic snlistnnce 
and let the intensity of the pencil be roprcbtiited by I, the reflecting poucr of the 
surface of the plate by », and tlic thickness of tlio philo liy r 'Dien a [leiieil of the 
intensity Ir will bo retleeted at llio first siiifaco, and the iiileiiMly of the jiciicil winch 
enters the plate wall bo I (1 — i) Of this, acert.impiopoiiion will iiiiiluign iibsoiptioii 
while tr.ivoi’Biiig the plate, the aniomil of absorption being some tiinelion,/ (i) of llie 
tlnekriesa. wliicli has to bo delermnieil The ((iiiiiitity of liisit wliii'li arriu's at tlie 
second surface will tliorofuro bn 1 (1 — i),/'(c) IfiU'e a second reilccl iim will lake 
pl.ioe, whereby a fraction I'ot this heat will bo kept back, and the fpuiutity winch 
issues from the plate will coiiseipicntly ho 

I (1-0(1 ->•')/ w- 

If a second plate of the same snlistance, having (lie thickiu'ss c', be pl.ici d in the p.itli 
of the pencil emergent from the first pl.ilo, the intensity of the lui.it winch issues hum 
the second plate will he found, by leasoinng simihir to tlio above, to be 

t = 1(1- OUl -’?/(«)./■ (0 

Now lot the same original pencil pass through .i single pliito, still of tlio Hiinie siibst.ince, 
blit of the thickness e + d , the intensity of the emergent pencil wall be found us aliin e, 

' *' = I(l-0(l-r')./^(e + e'). 

But it is found by experiment tliat i = i' (1 — r) (1 — i'), that is to say, lliiil tlie loss 
by absorption is the same for the samo tliicknesa of sulistanee, whetber tins is dispnscd 
in two plates or united into one, the factor (1 - r) (1 - ?■') representing I tie itddil ioiiul 
loss by reflection in the former case. Heiico we liavo 

f(c+ d)=f(c).f{7'), 

which can only hold good if/ (c) = n", wliino a is aeousliint depiMidi'iil on (lin nalnre 
of the substance and on that of tho iiicidoiit rays, so Hint /■((')./(/} = s= ii'H'. 

Consequently, the expression for the quantity of heat which jiaB.si s tlirongli a plate of 
tlie thickness e is 

I(l-r)(l-r-)n”. 

which shows that the intcmiti/ of the tiuif-inilted heat varies an’urdhiff to n i/eniio/iira! 
propressionwhm the thchicss of the plate inoi eases in an artlhniitieaf jnoi/n ^kion, Tim 
ratio, a, of the former progression, which ilepi mis as we have s.iid on (lie n.itiirc of tlin 
plate and of the incident heat, is called the loellieienl of tians/aission of the sulisl.niou 
of which the plate is made, for the particul.u kind of heat m question ; it lepi'iscntstlni 
quantity of heat transmitted through a tliiekness of 1 millimetre 

It follows also trom tho above consider.itions, that the qiiiiiil i( les of In il absorbed by 
aueecssive layers of eqtial thickness of the same siibstiinee bki w ise furin a dimimsliiiig 
geometrical progression , for, c.illiug tho intensity of Hk* heat w li ii h piaii 1 nil es I liu llrst 
siirflice of the substance I', we get, for the quantities fraiismitled and ab.sorbed by 
successive layers of the samo tbicLicss, the followang cxprcsHiuiis — 


By the first layer 
By the second layer 
By the third layer . 


= I’d - a) 

- I'« (1 - «) 

= IV (1 - a) 


By the l.iyor 


IV I IV I'm-I (1 - a) 


If the incident pencil consists of rays of varioiis w.iie-lriigtlis, having tlm ri speelive 
intensities I, II, I„, . . and if the coefficients of tmiisiiiissmn ol llie clMtheinnc 

plate for these various r.ays arc respectively a, «i, tlie iiilnisily cf flic pi neil 

on emerging from a plate of tlio tliiekness e will bc'tlic Mini of tlie ininisnies ot the 
rays of each sever.il w .ivp-lengtb, .ind will thcrelorii be ripreheiileil by — 

(1 -r)(l-r')(I«-H- I, . I.„,/ I ■) 


Hence it is eiidoiit that the lompo-iition or Ihrrmaehioseid the eiiioigeiil pencil will nut 



TRAl^'SMISSION OF RADIANT HEAT. 


1)6 the same as that of the ineidont pencil except when the eoelBeienh a, ai, a, &c 
are all equal We shall sec immt>diately that each of those deductions from tleorr 
IS fully confirmed by erpeninent ^ 

The results ofMelloni’s experiments on the transmission of heat through layers 
of varying thickness are collected in the following table — J 


Transmwmn of Sadiant Heat thoughlaycra ofmiwus TJmchiesses. 



By subtracting the quantity of heat transmitted by a layer of n millimefres in thick- 
ness from that transmitted by a layer of ?i — 1 nuUiinetres, we obtain the quantity of 
heat absorbed by the n*'' stratum of 1 miUimotre thick Thus, for iiistunce, for the 
absorption of the heat of a Loc.itolli's lamp by successive strata of water, 1 millimetre 
in thickness, we obtain the following results : — 

Number of each stratum .,12345678 
Quantity of heat absorbed . 80 7 6 4 2 5 1-4 0 9 0 0 0 4 0-2 

Here the diminution of absorption in successive strata of the same thickness is 
very apparent, but the ratio of the absorption of a given stratum to the absorption of 
the previous one is by no means constant, as, according to the foregoing discussion, 
must be the Case for bomogoneous heat. The reason of this is, that the heat employed 
in the experiments was far from homogeneous, hut eousistod m part of visible and in 
part of invisible rays, and each of these portions contained rays differing groutly from 
one another in wave-length Consequently, the eoefScient of transmission of water for 
visible rays being nearly equal to unity, but very much less foi invisible rays, the chffarent 
component parts of the heat underwent unequal absorption, and hence the qiubty of the 
heat which arrived at each stratum ivas different from that of the heat which amved at 
the preceding and the succeeding stiiita AVhen, liowcveii homogeneous liont is used, 
the absorption in successive equal strata of the same matoiial takes place according to 
a regularly decrcasmg geonietiicul spTips. This is clearly shown in the following ex- 
periments by Masson and .Tamm (AVullner’s Lehrhuch der Rvpentaenialphgsii; 
ii 336), The constituent rajs of a be.im of solar heat were sep.irated from each other 
iby means of a rock-salt prism, and a portion of the yellow rays of the spectrum so 
produced was allowed to fall upon one, two, or three jueces of the .same yellow glass 
of equal thickness, and the intensity of the emergent r,iys was measured in each case 
■Eepresenting the thickness of each piece of glass by e, and its coefficient of ti'ansmission 
for the rays m question by a, we find tlie following values , — 

For the heat transmitted by 1 piece of yellow glass = Aj = I (1 — »•) (1 — >•') a’ , 

For the heat transmitted by 2 pieces of yellow glass = Aa = I (1 - »•)■' (1 — r'f n®*, 

For the heat transmitted by 3 pieces of yellow glass = Ag = I (1 — r)“ (1 — v')’ 

The same beam of yellow rays was next allowed to fall upon one, two, or three thick- 

VoL V. F 
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neasoB of clour oolmirloas sliiaa, whoso cocfflciont of tiMiismission was iii'arlj oiiiiiil l‘> 
unity, and tho mtonaity of the hnat truiiamifted in caoli ease was dutcniiiiied. Oallini.' 
thoso quantities of heat reapcctivoly Bi, B,., and B „ wc liavc — 

Bi =I(l-r) (1-9-');B3 = = I (1 -))’(!- O’ . 

and consequently ^ = a" ; and--'’ = n’“. 

Tlio coofScienta of transmission for one, two, and three thicknesses of yellow (jl.iss wire 
thus found, independently of thoeffiicts of reflection at tho surfaces Tliesqu.iii'-ront of 
the second and the cube-root of tho third ought ohviouslyto ho equal to the fust, il the 
calculation was made mth perfect strictness, and tho following nuiiicricul resiills sliow 
that such was noaidy the case . — 

Hem transmitted. o- 

n» = 0 497 0 197 

= 0 2097 0 l.'iN 

= 0 091 0 Ifll) 



The gradual decrease in the v.ilne of n” is to ho atlrihiited to (he melheieid of fr.in i- 
miasiou for colourless glass hiiMlig been t.iki n us ex.iid ly equal to iiintj, while is in 
roulity it is only nearly so. 

Tho following table, taken from jrelloiii (Tho mm hrCi'-e, p 227), ilhislr.U. s on (lie 
other baud, tho ohiuigo of quality which a peiieil ot non-hmiiiigeiiei,iis radi.iiit (nil 
undorgoos on passing lliroiigli diathermic siihstaiiees 'I'lio niimheis in tin t.ihh n pie- 
sont the intensities of tho transiiiifled pencils compared In (hat of (In iiienhnl peiinl 
taken as 100. The origin.il honreo ot heat w.is a Ijocalelli’s l.iinp, mid (he tlin k- 
neas of tho plates, except where olliorwiso st.ited, was 2 0 iiulliiin tres — 


Tiansimsiinn of Sadtunt Heot thnuijh Two Midui 
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Iiiiitpriiilly Iiltc'r ils projii’rticn , all llii* oMu'r siilmlancas Imvinp; sInniKly nmrlcail 
(,lic'niioc]u’oif('liiU'ii('l( Vs,oi'lr.iiiHmillinK raj'hofcliitbicnl, wiiw-lciiKlliswilli vary iinctpial 
fiioility (as may lie sccji irotn tliii table on paKc 02), emit heat of (Ifeidi'clly (birerciit 
eomposil.inn from tUaL which falls upon tin in Two of these hubstanees indeed, alum 
and lilack pdafts, are to a great extent of ojiposito thornioehroic properties, of tlio heal 
emergent trom the plate of .ilnm, »l) per cent was nblo to pass througli a heeond 
plate of tbe saiiio material, but none of it tvnh able to pass tlu’oiigh a plate of 
black glass , while of the he, it emergent from the latter body, 62 per conk was trans- 
mitted by a soeoiid plate of the samo kind, hut iiono at all was transmittod liy a plate 
of alum Alum, although almost perfectly traiibpiiront for visible rajs, is in very 
moder.ito tliieknesses completely opiiqno for the invisible hent-rays; hciiee, as slioivii by 
tho tablo on page 02, it completely intercepts tlio lieat radiated by soiirci'S at tem- 
pi'ralurea below nsible redness In this property alum closely resembles ice, and it 
jivobably owes it in great measure to tho luge proportion of Bohdified water (of crys- 
t.ilhsafion) winch it eont.iins. Black glass, on the otlier hniid, is very opaque for 
iihiblo rays, and relatively transpiireiil for invisible rijys llinee, to soinn extent, it 
inters olf'the viaihlo rays, ami allows heat riehor in rays of great wavo-lcngtli to pa.ss. 
Tins elleci, iinwmer, is produced much mori* eoinjiletely by blackened loek-salt, or 
belter still, as'l’j ndall has shown (Phil. Mag. [tj xxviii. 323), hy a solution of kkIiiui 
in bisiilpindc of carbon Siii'h a solution, thmigli perfectly ojiaque for luminous r.ijs, 
does not absorb any appreciable quantity of the r.iys of giealer wai e-leiigt h. ITonee, 
by jilacmg a cell tilled with tins liquid on the path of a beam of rays from a powerful 
('Icetnc limp, Tyndall li.is succeeded in ctilling off completidy the luminoiis r.iys, and 
olitiimiiig .1 beam of invisible heat-rays of very ranch greater intensity than has ever 
been olil allied in any other way. 

By coinparing tho absorbing and triinsniitting powers of i.iiious snbst aiiei s in tliii 
liquid and vaporous states, Tyndall has anived at the iniportiuit conclusion that the 
numbers by winch those properties are measured .ire to eiieli other in the same relative 
proportion in tho easo of viipoiu's, as m the c.isoof lira liquids from which those v.ipours 
are formed (Phil. Mag. [-1] xxviii ‘161) Tho following tallies eontain some ol lira 
results on whieli this eonelnsimi is fomided, Ihe inimhers express the percentage of 
the ini'idont heat ahivikrl, the soiii'ce of heal bi-ing a platinum wiro healed by mi 
eleeirm cuiroiit — 
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nossps of oloitt' eoloui'tcMH Kills'^- wIioHu cocfflpiPiit oi triin.'iiiiisHnin \v:h iiciirly i'i|iiiil 
unity, and tko intmiiity of the limit transinittml in oach oiiso wiis ilrtiTmiiiml, (kdli 
theso quantities of heat respectively Bi, Bj, and B3, wo have — 

Bi = I(l-r) (l-iO.Ba = I(l-r)«(l_?-7,andB, = I (l-»)’ (1 “’'T . 


Tlio cooffleients of transmission fur one, two, and three thiclcnesses of yellow pi 
thus found, independently of thoeffeets of lefieotion at the sui faces 'I’lie sfniiii'i 
the second and the cube-root of the third ought obviously to bo eqii.il to the lit 
eideiilation was made with perfect strictness, and the following iiiiineric.il rcsii 
that such was ne.orly the ease- — 

Ktmiboi nf 

Plates of Glass. Ileal transmitted ne 

1 a" = 0'497 0 11)7 

2 «'“ = 0'2097 0 t.lH 

3 «“■> = 0-09.t (i 1.1.) 

Tha gradual deeroaBo in the value of a" is to bn ati.ribiited to the roeHiciciif e 
mission fur colourleis glass hiumg been takiui as cxael ly eipial to mill}, w li 
rolility it 18 only nearly so. 

The following table, taken from Mellon! (Tkn 7iwrhnW, p 2271, ilhetiali ' 
other hand, the claiiigo of quality which a pencil of iinn-hoiiiogeiii mis r.tdi 
undergoes on passing through di.ihlicrmic substances The nuuibei". in tin lab 
seuttlie intousitics of the tmnsmitled pencils compared to tli.il of tin iia idmi 
taken as 100 The originiil source of heat was a Loc.ilelb’H l.iinp, and II 
ness of the pl.ites, except whore otherwise sbited, was 2 (i iiiilhmi In s — 
TiaiimiiStmt of Budiant Ihui Uirnwih Tiro Hfirlin 
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matermlly alter its propri ties ; all the other BiihstniiceB haviiiR stronjvly marked 
tliermoeliroiceliftriiclors.ortransmilhng rays of diiferont wavo-lengthswith very unequal 
facility (as may be seen from the table on page 82), emit heat of decidedly different 
composition from that which falls upon them Two of these suhstaiieos indeed, alum 
and black glass, are to a great extent of opposite thornioehroic projierhes ■ of the heat 
emiTgent from the plate of alum, 90 per cent, was able to pass through a second 
plate of the same matorml, but none of it was able to pass through a plate of 
black glass , while of the heat emergent from the latter body, fi2 per cent was trans- 
mitted by a second plate of the same kind, hut none at all was transmitted by a plate 
of alum. Alum, alvlioiieh almost imifectly transparent for visible rays, is in very 
moderate tliicknesses completoly opaque for the invisible heat-rays , hence, as shown by 
tlio table on page 82, it completely intercepts the heat radiated by sources at tem- 
jioratures below visible redness. In this property alum closely resembles ice, and it 
probalily owes it in great measure to the large proportion of solidified water (of crys- 
tallisation) winch it contains. Black glass, on the other hand, is very opaque for 
iisihlo rays, and relatively transparent for invisible rqys. Heiico, to some extent, it 
libera o8' the visible rays, ami allows heat richer in rays of great wave-length to puss. 
U’liis effect, however, is produced much more coraplotely by blackened rock-salt, or 
better still, as Tyndall has shown (Phil. Mag [t] xxvin 333), bya solution of iodine 
in hisiilphido of carbon Such n solution, though iiorfectly opaquo for luminous rays, 
does not absorb any apprecuihle quantity of the rays of greater wave-length. Hence, 
by placing a coll iilled willi this liquid on the path of a beam of rays from a poworlul 
electric lamp, Tyndall has succeeded m cutting off completely the luminous rays, and 
obtaining a beam of inviaihlo heat-rays of very much greater intensity than bus over 
hei'ii obi allied in any other way. 

_ ])y compariug the ahaorhiiig and traiismitliiig powers of various suhstancDS in tlin 
liquid and vaporous states, Ty n d all has orrived .it tho important conclusion that the 
numbers by which these properties are measured are to each other iii tho same relative 
proportion in tlie easo of vapours, as in tho case of the liquids from winch those vapours 
are formed (PIiil. Mag [4) xxviii. 4.')1). 'I'lio following tables coiitam some of tho 
results on uhieh tins conclusion is founded , the numbers express tho perceuhige of 
tlm incident boat ahiotbtd, tho sourco of heat being a platinum wire boated by an 
electric current . — 

Abtm jplhn of Timhont ITcat hi/ Liquids. 


Liquid, 


Thitkiidse 

of liquid in par 

6 of nn inch 


0-03 

0 01 

0 07 1 

ow 

Sulplndo of carbon . 

r>g 

8 1 

12 5 

16'2 

17 3 

Cliloroform 

180 

25-0 

35 0 

40 0 

44 8 

Methylic iodide 

38-1 

48 5 

63 2 

8,5 2 

88 6 

Mlbylic iodide . 

38 2 

50 7 

69 0 

69 0 

715 

Ihmuena . 

43 4 

86 7 

82 5 

718 

7:V8 

Amyleno . 

58 3 

65 2 

73 6 

77 7 


Ktlior 

83 3 

73 .8 

70 1 

78 '6 

86 2 

Kthybe acetate 


7 VO 

78-0 

82 0 

86 1 

iCtliylic formate 

85 2 

7«-3 

70 0 

84 0 

87 0 

Alcohol . 

87 3 

78'6 

83 0 

88 3 

89 1 

Water . 

80 7 

80'1 

88 8 

91 8 

91 0 
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That th<‘ fiuiility of the iil)soi’pl ion of the Banie MiliMancc niny reniiiiii eoimtiiiit, lii.l- 
witlistanding grc.it clmuges of pliysic.il eomlition, is proved liy the ohservaf ion ..I 
Bunsen (Ann Ch. Pliariii. oxxxi 255), thiit pho.sph.ito of dulyimnm iii a stiiti ot 
Igneous fusion shows the same aUsoiption-lmnd in the yellow us tliiiL wlilcli cli.iiMeterisi s 
didymuitn-salts iii iicpieons solution (Soo ii 322 ) 

Prom the great absorbing power of wafer, ns shown ni the first of the aliove t.ihles, 
and from the general correspondence which i.s .ipp.iient between tlieabsorl.iiiu: pmw is 
of liquids and them v.ipours, it appe.irs prob.ibk tliat uijiieous v.iiioiir would li.in' a 
relatuoly high absorbing pow'or This view- is taken by Tyndall, .nid is snppoili d 
bytliR results of a great iiuiiiher and gieatiarielyof apparently coiielusue e\peiiini iii... 
from which he iiifiis that, ‘‘ neiglit tor weight, .iqui oils’ vapour traiiseiiuls all otlii i s 
111 uhsorptivo poll Cl ” It is, however, proper to add tli.it 31a gnus, wdio li.is ,ibo di lofi d 
a groat dud of attention to the same point, didl is wididy I'roni Tyiidill in Ins isii- 
inate of the .ihsorptiie pow'er of iiriueous v,iponi', ri'gniding it ,is vi ii miieli )owi r .ind 
so long ns I lie soiireo of the diveigeiieein the lesidtsot tlieso two e\pc riiie nler^ ii imiins 
unexpl.iiiii‘d, tlie qiiostiou hetweeii tlioia eiiniiot he eonsiderul as deeided 

The traiisniisHion of r.idi.iiit he,it tliioiigh pi riii.iiieiit g,isi a h,ts also hei ii nive-l i|Mti il 
by Tyiididl, who has toiiiid th.it lliesi siihstimes ddlis leiygre.ith in tin ir ]iowi !■ of 
absorbing heat from sources of low leiiiper.itiii i* 'I’lie iollow mg t.ihle gi\ es t In n I it ii i 
absorbing powers found liy him for a coinmii 32 inelies long of sen nil gasi's, nmler a 
pressuro of 700 millimotres, lor the heat r,idi.itid Iroiu .i pl.ite of coppi r hi ,ili d ly .i 
Bunsen’s ga.s-liunp — 


Nitrogen 

Ilycli'ogrn 

CliloLino 

Hydroehlorio iieiJ 


3!) 

02 


Oai'lionie .inlivdiide 
Nitrous o\ido 
M,iisli-g,is 

Snlphiii'oiis anhjdiide 
I'll hi lean 
Aniiiioaia 


fill 

1 1 'h, 


■When the same gases tiro eoinpiaied in Hhorlec eoliiiimu, or iiiuhv lowir pi. sm,., 
the (lifferoiico in their ruliitivo iihsorhmg tiowna lieioiiies iieii inme hliilnn'h 
evident. 

Thoro IS one other Cirenmstiinee, hesidi s the nature ol tla- nifiliaiu .md the w.n. - 
longtli of the r.iys, wliicli aileels the traiisniission ot r.idi.mt In .if This ei tin m, / ' - 
illdc of tho Tihrafions, or tlie intensity of mdnidii.d r.y s It h.is In . ii iiln .idi sl.il. d 
(p. 6ti th.at, us tho temperatnro ot a r.idialmg hody is iMiscd, it gmsoul i.ns , I 
Bnialler and Pmaller wavc-kngth, hut tliat tlie imiplitade ot tin iinm shnili Mbiiiliie; 
rays, winch it gave out at ill st, IS iiien .isid .it till s.mie time This e i,.|’i ili-imi'iK 
proved by some experimoiits of Tyndall U’liil hf.ig [l|\\im tl.'ttl li..in w In. h n 
appears that the intensity of the nnisible radiation (e.ip.ihh of lu'smp ihioiigh m 
opaque solution of lodino in hiMd[ihiile of earhon) ot a npn.d of pl.itmimi-w in in.ii ho 
increased four-hnndrcdfold hj raising tlie teiiiper.iluio of the wiie tiom .i d iil he it lo 
a d.izzhng white heat Ilenen Ihn iioii-Iiiininoiis i.iyn of liiiimnms som., , ,, ,n, uui, i,, 
all respects, cquiiiilent to ther.iys of the s.mie w.ive-leiigtii tnun iinii-liiiiimou unn.'.' , 
and Tyndall iiceordiiigly found that 2l)pir eiiit ot the noii-liimmons i.n , ot the 
electric l.mip passed through a l.iyii ot eoneeiitr.ifed sol„(i(iii of alum nn.i , ihm im 
inch thiclt, ahhoagli alum audits solution, iveii m iiiiieh tlimier l.iyu-. .in qml. 
opaque for the same rays einitled from .simn es ot lowi i tempei.it are 

The iempnu/tire of tho mediiiiii has not In en i le.iily jiioved to esei I .m\ ntlinine 
on thotransinissinii of r.idi.int heal. Aecoiding In Willielmy f \im I 'li I'liir |l| 
xlvii 201)1, glass trimsimls the r.iynof an Argimd l.mip more ahmnhmiU win ii te.l lli.m 

when cold, but T)e la Provostiiye and Des.iiiis t.iihd lo deli 1 1 .mi dill, 

the tiaiismissioii of rock-salt or glass at ordin.iiy 1 1 mpeinliiies, or .it I .iti 1 1 1 a (; in a, 
Timti dcl’lu/aujiic,n. ()2) 


CONIIII CTIO N. 

If one part of a iniiterial body is at a higher lempeialiire Ih.m llie r. si tlm Ingli 
teinperutiu'e of this part can ho niaint.iiiied, .iial the limperaliii'e nl olln r |.irls ,.m h,. 
prevented from iiHiiig, only hy the 111 lion of cvliunal e, liens Ifthehndi is h li tml-rli, 
it will sooner or later acquire a iiiiitorin tiniper.itiire tliurnglioiit, the le.t pul In 
heal and tho colder parts giiuimg heat Tins tunleiiey tow iids i.pi.dis ite.n i,i 
temperatnro tliroiiglimit any cimtiiiiioiis portion of matter, mimli'sls itself m tin |rh, - 
noineim of conduction ot heat, tlio pioperty ot bodies winch i« known .is III. ir e./ii- 
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dui'tnig power or condiietivil y lieing Uie rapidity with whieh this equalisation 
la eflbetiil under ccituiii Bpeeifled eoiiditioiis The ditferent doi'reea of this property 
in diftpu'iit hodiL'S, ns exhibited by the Tarioua lengths of tuna duiiiig which equal 
differi'iicea of temperature eun bo maiiitaiiiod between oqiuilly distant parts, are so 
fitrikiiig and fniiiiliiir that there is no need to draw attention to the mere fact of tlieir 
existence. 

The laws of the coiidiietioii of ho.it luivo been investigated in relation to the two 
cases of conduction thriingli a pl.ito or Wtill with parallel snrtaees, and of practically 
uiilimiled area, and of conduetioii in a pri.simitic or cylindrical bar For these two 
cases tho coin ' ’ ei with tho distiibution of temperatures bus been 

investigated lij {ThLune auali/tigiie de la Chaleur, 

runs, 1822) imii foisaon (j.uuine muthCMuluiw ch la C/irt/cK), Puna, 183fi), but 
we c.iiiuot atteiiipt to do moio here than to give tho pnincipal lesulta that have been 
iirri 1 cd at experimentally 

The ooefficiont of conductivity of a siibatnneo la defined aa tlie quantity of 
heat wliali tii a tiiiif of time Ihoitqh a jihiti nj that siihUanoe of unit iltickness 
and unit men, whose nufuees aie maintiiiiial at constant tcmpcralmes dtjfenng from 
one aiwthir hi/ one dei/iee 'This coiffltioiit 1ms boon me.isurpd oxpcrimoiit.illy liy three 
Iirnccsses, iiliich dillci Iroiii eiieh other in principle as well na in tho manlier in which 
they Imvfi hei u caiiicd out. The most direct jiroci ss is tliat iidoptcd by Peclet (Ann. 
Ob Phys. (3] ii 107), wliioli cnuHistod in meiisnriiig the tiiiio required for a given 
iHiautity of lieiit to puss tlirongli )ilatc'S of difti'rrat ra.itorials of dciliiite thickness, the 
(wo surf, ices bonig m.iiiitiiiiied lit blown eouslaut timuoratiires. The last condition 
was utt, lined by Iceeping the two sidea otthcpl.itc biitlied with water, which, however, it 
was found ncedtnl to iigit.ite vury briskly, in order toiiuike sure that the film of water 
111 actual cnnl.ict with tho ]ilulc was of the same torapei.ituve as the ivinaiiidor. 'WTien 
tho water at one side of Iho plate was at 20° 0 , ,iiid tliiit at the other side at the 
tciiiperatiiro of t)io air, tlie limes required foi tlio aiime oleiatioli of temporataro to bo 
pi'oduced 111 the water at the eooler side, svitli plates ot le.id of 20 iniii mid Ifl mm 
tliiekiiess, were 000 and IlliO secouds rcsiicctivi ly, oi very iie.iily piuportionid to the 
tliiekiiesses of the pl.ites (20 • 10 = OOO 370) Piom expeiiiMeiils of Ibis kind, 
I’eel el ( .ileiil.il ell Ihe iiiimbf r U 81 fia’ llie eoellii n ill of coiidiictisily of lead, expressing 
111! I'l liv Ihe iiiimlier ol kilogiMiiime-waler-degives of heat which puss tluroiigh a pliito 
ol Ic.id ] millimciic Ihii k, ami 1 sqii.ire-mclie in impel I'lciiil area, iii I second, when a 
cmisl lilt dilh IS iictiof |i inpeiahire of 1° (' is iiiiiinlaiiud between the two surfacoa For 
si'Kutifie piii'pos.'S, il IS coiiimoiily moic eoiiveiiicut lo expviss coiiductuig powova in 
giamiiK -waler-digieos. yiee iiiiiiiiti , /«/• eonlimelin ol thickness, y/ei sqii.iio-eeiitiniotro 
ol Hiu'liicu, the iiuiiieiieal v.iliie of coellieuails expiesscd upon the scale is ,1 as great 
.IS will a they me refeiri il to J“i del ’s unit. 

11) II inelliod e-sintmlly Miinliiv in qniiieiple, but diffcicnt m tho iniiuiier nf its 
ixeeiilion, Liieieii T)o la lino (Ann. (Jh I'liys. [t| i OOt) has loiuid fur llio 
C'lmdutting )iouer ot gl.iss the immbirOlS, and by a eemparatiio molhod he iiaeor- 
tmiieil tlie eniidiii'liiig power of lie In be 1 70 times tlmt of glass lienee, in tho same 
nulls, (he eoeflieieiit of eoiidueliuly of leeis expressed by llie number 0 23 

t'ahei't .iiid ilolinson (Phil Tr.iiis. 18.)8 , 3'iee ]!oy. Hoe ix l(i9)lmvo also 
iijiide I'Xporiiiients 111 order to dcteimiiio in a siiiiil.ir in. inner tho coiiduetivitics of 
w vi r.il metals and .illoys , but tlicir inelliod was not suili .is to mtiko then' numerical 
ivsnlls ol greiil i.diie. 

IVlnn once (be eoiffieieut of co(idueli"iiy of ii snbstiiiiee is knowm, the quantity of 
lie.il (), w'lneli p.isses timuigh a l.iyer ot the suhstiuiee of the tliiekiuss c and urea s, m 
tlu lime 'I', w linn Us two siirt.iics are ki pt at the loiist.iiit tempi r.itiucs and 
snp|iiisnig tlial, these ti mpiraliii’i'S liiiie been iiiaiiitiiincd unaltered lung enough for the 
body III have .iiined at a slatioiiiiry^ eoiiditnm of temperal.iii e Ihionghout ds whole 
lliiekiuss, and Unit none ol the heat which oiitirs Ihe first siirf.ieo escapes elsowhero 
than at llie opposite surface, may he expressed by the following formula — 

a=:/.S .(1) 

wlieio i stands for tho coeffieieut in question Culling—, or tho quantity of heat 
winch passes in a unit of linio, tho strength of the thermal omient = 6, and lha 
ihernud risisiiinec of Ihe substance, the .ihove fornnila may ho written S = 
in wliieli form it is seen to la exactly analogous to (> Inn’s formiil.i foi the strength of 
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electric currents (li. 45!)) , tlio ditfereneo of tomperuturea, t — t', being tliu eniiililiun 
■which determines the flow of heat, and tharoforo comparable with the electromolivo 
force in the ease of eWtneity 

The distribution of temperature -within a body can remain constant only wlicii 
each thinnest stratum gives up every moment exactly as much heat as it receives ; 
and, if alt the heat which each stratum loses is impiirted to the following stratum, 
the quantity of heat passing through each stratum m a given time must be the 
same, and this eondition requires that the temperatures of every two contiguous strata 
shall differ from each other hy the same amount. Ilcneo, in such a case ns wo 
have supposed above, the temperatures of the aiiccossivo strata of the substiiiiec form 
an arithmetie.il progression ; or, if he the temperature of the liotter surface, t'° tli.it of 
the cooler surface, a the entire thickness of the body, and tl the distiuico from the hotter 
surface of any given stratum, the temperature of this stratum will bo oiprossed by 
the formula — 

( 2 ) 


In many cases, however, tho heat given out by each stnitiim of particles is not 
completely imparted to the next, and in tins ease the flow of heat and distributiuii of 
temperatures o.mnot be dotormmod by tho above formul.c Kor iiiBt.iiice, when iiiic 
end of an iron bar is kept hot by being placed in u lire, iiny given stratum of p.irlii'les 
near the heated end receives heat from the stratum in front of it, and so its ow ii 
tempoiiiture rises. It then in its turn begins to give off heat to the next Htraliiiii, 
whoso temperature is thus hkewnse raised, but it dots not at flist give off in .it as fast 
asitreoehes it, after a time, however, it ilocs so, for the hottir it gets the inoie 
slowly dues it take up heat and tho more rapidly docs it gne it out, iiiid In iiectoitli its 
tenipernturo romnius constant. But even when this condition lias Is on riiKlieil, tin 
btnitiim in question docs not give up to the tollowing one the whole of tlic In .it wliii li 
it loses ■ a oeil.iin proportion is iinisirtod by r.idiatioii and by conduction to tlie air .iiid 
other surrounding objects Hence tlie qii.intitv of hc.it rccmiidhy eiicli hiieiissiv.- 
Btnituiii of tlio b.ir becomes less and loss as tho dist.inco from the lieiitod end iiiereiisi s, 
and, if tho bar is long enough, no pen-eptible fpinntily of heat at .ill reiielies the t.irlln r 
extremity. 'L'hc flow of heat along sncli a b.ir iii.iy be conei ived of as an ilogoiis to llm 
flow of wutor along a pipe winch b.is a.loiigitudiiial fissure (xteiidiii(' along its wliolii 
length In coiiscqneiico of leiik.ige, the (puintily ot water aiTiMiig at sueeessuii p.iilH 
of such a pipe would ho continually le.ss and less, and if tho pipe were vtry long, none 
at all would arrivo at the f.irtlier end. 

In order to fake iiecount of tins leakage of heat, as it majr bo ciilliil, a (pi.nility 
kiioivii as tlio ooofficiont of external conductivity was mtrodiicdl by h'onri . r 
into tho theory of conduction. This coefHcieiit donofi a the quantity of lie, it hot in 
a unit of time hy ii unit of siiifiiee, when the tenipernturo of the lall«r exei ids tli.it ni 
tho surrounding medium by ono di groo. It ovidently d( pends upon tho emissive power 
of the surface and on tho ii.itnro of tlio surrounding medium 

If wo denote the coefficient of cxtern.il eoiiduclivity of a body by h, and siiiipos.' the 
tciiiporiiture i' of tho surface of tho body to ixceed the tompeiiiture 0 of tlii mislniiii, 
hy so siiiall on niuoimt that Newton’s l.iw of cooling fp ,12) is .ipplie.ible fu it, the 
qii.intity of heat lost hy a unit of siirfaco in a unit of tnno wilt be h (f — 0) Aii.l 
if tho body under consideration is ono to which tlio foriiuil.i (1) on ii.me (i!) is .ippli- 
c.iblo (such, for instanco, us a ste.im-boilcr, to n.mm a pr.iitieid example'), I In qiumhiy 
of heat which .irrivos at a unit of surface in a unit of time Irom aiij d. ptii wlieio 


tho tomporatiiro is t, will bo k . . — Hence, if tho twiipoivitureof the Hiiif.ii e reiimiiis 
constant, wehavo/t = h(t'-O), tho nnionnt of heat recenid in.m within .(jiiiil 


to tho amount imparted to the outer medium— an equation wliieli dvliiieu /. w In ii /. 
known. 


The remaining methods hy which the coefficient, I, ot iiiti-rnal eon 
1 I j ho called iiidiioct, since they de|ioiid on obsi rvaliinn 

of tciiipei'iitnrc! in iincvonly heated Isidies This distriliuliiai mu 
function of tho coefficient k, and of the coefficient of cxieriml coiidu 
thuigs cqiiid, it iiiiist nccessanly ho more nearly ninloriii in a good c 
had one, and less ui.ifoim in .i body whoso cudficient of exteinal co 
tliira in ono for which this endhcieut is low 

One mode of oxporinieiit depoiuling on I hose prnieijihs oonsi.st' 
coiistiiiit high tcinper.ihue at one end of a long Inr of tlio siilisl.iiii 


diielivif) Ii is li.iim 
ot I Ii. (listi doiti.ii) 



iiductii ity iH liigli, 
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tempcratuvo of tho lieatod end liiia been kept np long enongli for tho teinperahiro at 
ovcry other point to hiivo become inviiriablo Exporimeutg of this kind woib made by 
Kumford, who placed one end of an iron bar in boihngwatcr and snrrounded the other 
■with ice ; and observed its toinperatnro at three points, equidistant from each other, 
and from the two ends, by means of three dolicuto thermometerb inserted in holes 
bored in the aide of the bar, and fllled up with mercury to render tho indication of the 
tomperaturo more exact More extensive determinations were made in tho same Way 
by Biot and afterwards by Lespretz (Ann Ch Pbyg. [2] xix 97, xxxvi. 422) and 
G-o u 1 1 1 a ud (liid [3] xlvui. 47) Prom tbcse expenmeiits it results tb^it the temperatures 
of Biiocobsivo strata of a uniform bar heated at one end decrease in gcimietrwal pro- 
l/iesbiuii w/iin the distances fi om the source increase in anthmelical progresnon. I^om 
tho ratios of tho progression for various snhstances, the ratios of their cooihcioiita of 
internal conductivity euuld ho calculated, when tho coefficients of external conductivity 
were made tho same for all, by giving to each substance the same condition of surfaco, 
mid making the external medium also the same. But when bars of coiisidorahle 
section are used, tho interior of each croas-section must necessarily ho at a sousibly 
liighur temperature th.ni the sides, and the holes bored lor the insertion of the thermo- 
im tors miiRt also have affected the results Hnuco Langhorg (Pogg Ann Ixvi. 1; 
Alin Ch Bliarro. Ivi 180) oxpcrimontecl upon various motals lu tlie form of wire, do- 
tcrmniiiig their Uunpevatures at different points by means of n small tliermo-pleotric pile 
applied 111 coiituet wtli them This method of experiinciitiiigwas afterwards iniproi od 
by Wiedemann andFranz (Pogg.Aun Ixxxix 4U7), who made by it tbo most exten- 
sive mid, there is liltlo doubt, the most ncouratn senes of olisevvatioiis on the relative 
cmiduetiiig powers of various motals that have yet boon puhlishod Tho following 
fable contains tho ndativo conducting powers of tho motals examined by them, com- 
piued with that of Sliver taken nrhitrarily as 100, and also tho absolute oonduotmg 
])iiwcrsof tlia same metals, oaloulatod from theirrolative niimhorsbyiiicansof Poolot’s 
dctoimluation of tho ahsoluto conductivity of load (p. 69); — 

Condnelmly of Metals. 



'I'lio relative conducting powers of various rocks liavo been determined by Hopki n s 
(Prill. Roy. f-ioc vin 630). Ills method of experimenting coiisisled in placing a cylm- 
dneal block of tlie snbstanee to bo exalniued, with its base just in contact witll the 
Hiiriaec of iiiorcury coiifmiied in a shallnw pan, and heated to a constant known tom- 
pcnitiire, .mil observing, when tho distnlmlion of heat within tho block liiid become 
st.ition.iry, tlie excess of I omtieraluve above the sniTimiiiling air altimedhy a shiiUow 
Hliatiim of mercury covering the upper f.ieo of the lilnclc — pree.uitioiis heiiig of coni’RO 
tiiUeii lu prevent loss ot heat Uiroiigh tho sales of l.lie block, and iiiiy disturbing effect 
of r.iilmtioii from tho healing apparatus The observed excesses of trinpeniture evi- 
dently di'pisideil directly upon the inlonml eondiictivities of tlio sulistancus examined, 
.mil (inversely) upon tlui exteiiiiil coiidiieliiity of mereiuy It lias been sboivn 
(p 7U) lh.it when tho tenqienitnro of the siii'laco of a. lioily, whoso temperature in- 
eiiMSes inwards, rem.iins constant, the relation expressed by the following equation 
holds between ils coefficients ot internal conductivity 4, and oxtcviial couducUvity 



In Hopkins’ experiments, tho cxtornal conductivity of raorcury (= c) took tho placo 
of h III tlie abovo formula in llio case of every siibstanco , I, however, varied from one 
siibslaiicc to aiiotbcr. Henco, by putting into tbo formula tlio observed values 
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of t, s', 3, and e, tlio viiUiu of - could bo uBcevtainod TUo following are home of tlin 
roBults obtiuned for BubatanctB m the Btate of dry jiowder;— 


Chalk ...... .0 OflG 

Cloy . . . . . '07 

Sand . .... 15 

Sand und clay 'll 


These ralucs aro proportional to the ohsoluto internal conducting powers of tlio Bcvcral 
Bubstances, but in order to deduce thebe conducting powers from them, they require to 
be multiphed bythonnlcnoivn abholute value of c, the external conducting pow er of 
mercury 

Tlio obaervation of thn distribution of temperature in a ransa whose temperature iH 
changing has been employed liy lorhcH tTr.ins Hoy Soe. Itlilinb xvi 21'li), 
Angstrom (Pogg Ami exiv CIS, Ann Oil I'hys fS] Ixiii STSl, ami Neiimanii 
(Ann. Cli Pliys [3 J Ixvi 1831 lor tlio detcrimn.ition ot coeHicients of ujmlm'hMty 
Porbcb’ nive.btigation related to the rato of 2'™' tr.ition clmiiiwimls inlo the f.irtli of 
tho fiolar heat rbreived by the surhice The general elt'eel of the seisoiis is Hint the 
tcnipemtmo of tlie .surf.ieo of the ground owillateb (m liiil'im) between ,i iea\miiim 
which oceiirs III ,hily or August, and a minimum oeciirinig in .Imiii.try oi lb binary. 
IE now tho e.ivth’a crust \v ei'o a porfest coiiilnelor of lie.it, the yiitrly miiximum mid 
yearly nniilnmm of tem|ieratiire would fieeiir al ,ini poiiil lulow the Miiliee, at the 
s.imo epochs us they do at the siulaeo itself, niiil I he -yi.irly r.iiige of ti niperaliiie woiihl 
he as great below the huefaee us iibon it Put tin' eurlli’s eruet eiqio- mg iii i'> alitt a 
very consideriihle resist.iiiee |o the 2 Jio 2 iugulioii of heiil, the iiiiiMiu.i and miiinii.i oi i iir 
later below tlio suifnco (tor instince, ,it a diplli ot L’fl 6 le. t iii llie piu|ihM'i(ii (rip of 
tho Cultoii Hill, Kdiiibiiigh, the .miin.il imixiinum uecurs iii Jb ei mbi i oi .laumTi, 
and the nimmmm in .Time or .Inly), nnd the diilennee lulauim them, or tin v n Iv 
range of tenii'eiiiture, is less than it is at the surf.iee Thus the eseill.ilion ot (■ iiipi - 
ratine wliiUi occurs at llio Biicfuce suibis a i{tiii'<hitiiiii n/ phi''' mid a i/innnutut'i :<f 
aMjihtitih' us It udianees iini.irils. From these two elUclH, as n iiiilid by the olisr ri.i- 
tum of ttiennonieteiB Mink to iiinmiH deptlis, Forties was alile lo duliiee tin iiliso- 
lute 0 ue 1 !aii.iits ot eouduitivily of tlie strida lu Mliieli the tlieriuomeli is w( re tmiird 

Amelliod 2 irecisely the same in 2 'niieiple tins aiiiee t/eeii employ ed tiy An gsl rom (or 
the doterminalion ot the eondiielniliisol ei riaiii no tills Hqmire li.iis ot (lie im t.ils lo 
bo raainiiKil were altiinatily lieiited mid eooled at oiui 2 iliiee, .iiul aili r a i onsnb laiili 
number of sneh iilleniiilioim tlie ilistrilMiltou of timper.itnre u.m ohsMud lij me iiis o| 
thermometers inserted into tlie li.ns at niteriuls of ,0(1 iiiillimedi s lioui eseh ndiiT 

Nonmaiin’s nietlnsl dejn nded on oli'erMituais of tlie'eoui..e ol eooling m 1, ni 
which had heeii lioated at oiio end until their (eiii|ieiaturi liee.iiiie st.ifioii.iry tliroiiidi- 
oiit, or in cubes or spheres of tivo or six inclics di.iiueler nliicli li.ul tin irple\loii«ly 
heated to inimforin teiiiiier.itiiie ^ 

Tho folloMiiig t.ible giios .some of the results ntituined try Angstrom and tiy 
Neuman n, iciiiiced to tlio kilogiiiminu-.su'ond unit jus square iiu tri. of surfine iinl 
nnllimotro ol Unckncss ; — 


Coefincnik of Cn,ului'/ti'it>/ 


Snhstnnrc. 


Nrimiiiiiit. 

Copper . 

01-03 

ItOTo 

Zme . . . 



Brass ... 



Iron ^ . . 

If -K 

1(1 37 





The numbers in the following table give tlie values n ferred lo (lie siimo unit, of (tie 
ratio according to Neuinanii’a cx 2 ieriiiient.s, /. lairig (he eooilieietit of intera.d 
conductivity, c tho specific heat, and D the density of tlie sevi.r,il sutist.inees — 

^ Substances 

Melted sulphur ... . 1 Vli 

Ico 1 Ht 

Snow 

Frozen cm til <Hll 

Sandstone ... ] .1.07 
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Nouiriiiiin fliuL l.lidt tho conductivity of tlie Ei.inic siilisUineo vaviea vci'y aSnsibty 
•mtli ttic teinporafm'0 

it wiU 1 h) oljaorveil tliiit wkle the ratios of tlie conductivities of the metals found by 
Neumann agree on the ivhole with the relative conductivities determined by 
Wiodemiiiiu and Franz, they conardeivibly exceed tliu absolute conducting powers 
calculated irom tliase by means of Feelet’a coefficient fur lead On the other hand, 
tile iibsohito cnefBeients obtained by Neumann and Angstrom for iron are nearly 
identical, and Ihis value might therefore perlnips be most safely tulcen ui order to 
convert iVindemiiun and Fr.inz’s relative numheis into absolute coefficients. 

In substances wliose elasticity or structure is diller"iit m different directions, thorate 
nt winch heat is propagateil depends upon tho direction Thus in crystals not belong- 
ing to tile regular or cubical system ((!nYSTAi.LoonArHT, ii. 121), Sdnarmont has 
shown that the eondiictmg power m the direction of the pruicip.d ,ixis is generally 
eitlu'r a maximum or a minimum. If a source of heat he imagined at the centre of 
such a crystal, tho heat would ho conducted ontiviirds with diffciont velocities m different 
diipctunis, and cuiisi'tjiiently the points, which at any momontpossessed a common tenipo- 
ratiiic, wonhl be situated on tho siiifaco of an ellipsoid, and Sdnurmont found that 
Iho axis oi the if.u//n‘)'iitn/ li/ijisu’itls of cvysUls coincide with their optic axes. He also 
found that mcchunicivl slr.nns or pressiivcs aro ciip.ihle of modifying tho conducting 
power of bodies for heat in tho direulinns m which they arc applied 

Wood pri seiils Honiewliat similar plicnoniena. It w.is obsoricd by Do la Eivo and 
1) 0 (JaiuloHe that tho (•oiuluctiiig powor of wood is always greater along than across 
tho fibre. Tliese observ.itions wero extended by Knoblauch, who showed that, us a 
rule, tlio diftereuco of conducting power is least in the hardest and gre.itest in the 
softest kinds of wood Thus in ho.xwood tho ratio of tho axes of tlia isothermal 
ellipsoid is 1 25 . 1, in waliinb it is 1 45 . 1, in apricol-treo 10 1, .ind in soft woods 
(such as poplar, lime, birch, pine), it is 1 8 1 Tyndall has carried the sumeinvos- 
tig.itioii still further he finds th.it at all points not sitniilo in tho centre of the tree, 
wood imsscsses Ihiee iiiieijii.il axis of ealorillc coiiducl.ion, which aro at right-angles to 
each otlur The fir-l. and priiieip.d axis is p.irallcl to tho fibre of tho wood, tho 
'H'ond itnil Intel medi.ite axis is jierpeiidiculiir to the tibru .mil to the ligneous layers ; 
wliilu the third .iiid least a.xis is poipeiuliciilar to l.hu fibre, and pumllcl to tho 
hiv™ 

When Iwn different mi l.ils arc in cont.iet, llio rate of pvopag.ationof he.at is different 
on the two sides ot the surface of sep.iv.il loii, and therefuro if heat is flowing across 
this snrfai'e the law ot tho v.iruilioii of temperahu-o is diiUirent .it tho two sides of it; 
but W I eileiii.inn li.is shown lli.it, when the conflict is perfect, there is no finite dif- 
fei'unco betwica the toiiipirutiiri a of the smlaecs of the two metals wUicli touch ouch 
oilier. 

CiiHihicfiiin of Heal hi/ Liijiiith — In eonseipienco of tho diminution of densitywluoh 
t.iUis place almost universally in liipiids wdieii they are healed, an increase of tempem- 
tiue IS r.iiiiilly eomiminicaled by conveclion to the whole of a ijiuintity of liquid, when 
he, it IS iipjihed to it fimn below lienee it was torinerly supjioacd that liquids possessed 
.1 high degree of coiidiielivitv foi he.it Itnmford lioweier showed, near tlio hcgin- 
iiiiigof tins century, Ih.il, when lie.it is iiniiaired to a liquid from ubove, so that the ex- 
jianhimi of the he.ilid portions raiinot eiui'-e them to rise and so iirodueo a eirenhition of 
'lie liquid, the coiiiinunie.il.ioii of heat from one jiiiit ot a liquid to iinother takes pl.ice 
with 1 .xtreiiie ‘-lowness, so liiiiell so indeed 111 it lieeoiielndedtli.it' 
imt any vi .d eondnef Ing power for Ue.it I , liter oliseni'i’S nc\e 

III s]iri«t /, li.ive provid that liquids do condtict heat in the s.imo way as aoiiu iiouie,s, 
but lor the iiiosl. ]i.irt Tory iiincli mine slowly De.sprelz, lit fact, found that when ii 
eoiisliinl soniee of heat .acts for a long time upon the iqipor part, of a column of water, 
the lieiit gr.idii.illy jioiietiiites downw.irds, and lliiit when the distrihiition of tom- 
jiei'iitiiie in the eolnmn li.iB 111 ' ' . ,s of tempei.ilure above that of 

t lie siirroiiiidiiiguir decreases ' i jiixigressioii, when examined at 

ji.imls whose dejiths below tho surlaeo inciciiso in aiitlimclieiil progression Hence it 
lollows l.h.it tho l.iw of ( onduclioii' in w.iter is the siinio as the l.iw of conduction in 
iiielals, and by coinpiinng Dosprotz’.s rcsulls forw.iler with those lie obtiiinod for 
eiijiiier, it .qqic.irs that ilie coudiictiiily of water is to that of copper as 9 to 1000. 

Ciinihittmii of IJi'iit hi/ (i'(i4e.s. — ^Tho distnhulion ot heat in gases certainly takes 
pliieo I’liielly by eniiioclioii, as it does in liijiinls, but sover.il ohservora have concluded 
llmt they do noverl liclesg possess .i feeble power of conduction The moat direct ox- 
jiei'mieiils on tins subject are duo to Magnus (I’ogg Ann exu 497); .recording to 
them it Iijipe.iis Unit hjilrogeii, if not other gases, has .1 oert.iiii degree ot conductivity 
This Lfiuelnsion .iccords with Iho n suits ot .1 111 itlieiii.itic.il invest igut inn of the propa- 
g.itiiin ol lieiit in gases by Cl.uisuis ( fliil M.ig 1 1) xxiii fi:!2), who finds that tho 
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condiioting power of tho lighter gnBcs niunt exceed that of tho heavier gaseB. Am ti 
provisional eatimato,lio gives for the conducting power of uir .iliout of lliat of lend 
as determinod by Poolot, and for tho conducting power of hydrogen about four luiice 
that of air. G. C, F. 

XtASlOXiES, or Ra.BICAXiS. The notion of compound radicles, as it is at 
present received in chemical science, has been explained already in prciious .U'tieh s 
(CLASsmoA.TioH, 1. 1014 — 1017; EQurvALEiras, ii. 496 ; FoiiMuna:, Rationai., ii 700) , 
all that is necessary here is therefore to indicate briefly tho origin of tlie id™, and the 
pnneipal modifications which it has undei^ne. 

The word “radical" is of constant ocenrreneo in tho writings of liiivoisicr. I'or 
him and for his school, chemistry consisted mainly in tho investigation of oxym n ami 
its comhinations. Compound bodies were divided into tlio two fundamental cI.iMHes of 
acids, which were supposed to owe their essential properties tothoir eoiitmiiiiig a largo 
proportion of oxygen, and salifiable bases, which wore ri'giirded eitln r .ls smiplo 
bodies or as contnimiig a small proportion of oxygen. In all cases tliu prcMeiico or 
absence of oxygen, or tho proportion of it which ii compound body coiitaiiii d, was con- 
sidered tho most important point in its chemical history, and as cliiidly dctci- 
raiiimg its properties. In tho enso of the acids especially, the oxygen, ivhicli all wern 
supposed to coiitam, was looked upon as the solo cause of their clianicteri‘itic [iropei- 
ties, whether the oxygen w.is combined with sulphur, with pliOMjilioriis, or willi 
nitrogen, was regarded as a matter of fur less importance. Hi iico arose the iicci ssity 
for adopting some common designation for tho various oabstances winch iiern capablo 
of serving as foundations or nuclei upon which oxygen could attiicli itself, .iiid thus 
give rise to acids , it was m this sense that tho woixl radical v. an first nniiilii}nil in 
chemistry, “II faut done,” said Lavoisier, “ distingiior daiis tout aculi' la b.iso 
aoidiflabla i laqnellolU. do Morvean a doniio Ic nom dor.idie.il, fHoprnicipo acidili.uil, 
e’est-a-dire, roxigino.” (Tiaiti iUmcaiaue do Ckmuc, iAil 1769, ml. i p, (19 ) Tim 
passage hero referred to appeiu's to ho in Soction u. “ Deo haieo aadiftahlco la/ /n im ipcs 
radicaum deo acicks ’’ of do Morvoiiu’s “ Momoirositv lo DowUippemout ilcs I’liiieipiM 
duhvKomencliituro raitUodiqne” (1787). Tlicdefiiution of a v.iilical which is hi vc giicn 
iaiuteroBtiiig.notoiilyin connection with our present subject, but for the hghi itlhruws 
on the idews then entertained with respect to tho constitution of aeids. Alter speaUiiij' 
of tho acids of nitrogen, carbon, snlplmr, and phosphorus, do Jiorvfiiu goes on to 
discuss tho nomenclature of acids of unknown composition, sucli nsimiii.ilie iienl, 
boracie acid, tho acidof vinegar, &c .with regard to which he says' " Kmis inms snmnn s 
oonteiiUs de designer V6tro Minple tpn y moililm loxigtmi p.ir lixpiissimi ile /laoc 
acidifiahlc, ou, pour nbrfger, do nidtutl do td acido ; allii do g.U'der l.i meiim analogie, 
et de pouvoir ooiisidfiier a lour lour chncini do ces etres d’aiie inaini'rn abslr.nl e " 

The signification of tho word radtcirf w.is soon somowliat extonilid by Ijiivoisier. 
Two yeiU'S after the publioation of do Morvoan’s memoir, lie sa>s' ‘M’ai ile|,'i l.iit 
observer que d.ins la rigiie min&al, presquo tons les radieauv oxiilablos 1 1 aeiilifiiil)li s 
dtoient simples , quo dans leriigiiovfigiitnluucoiitriiiro, et surtiml dans loivgiie aiiniml, 
)1 n’on oxistoit presquo pas qm no fiissent oomposd'S dii iiioiiis dii iloiix siili.sliiiiei'M, 
d’hydroginoet de carbono, quo souvciit I’a/oto ot lenliosphoro .s'y remiiHsmeiif, et ((ii il 
on rdsultmt des radieauv a quatre bases.” {Tnnto Wmi)it(Uic,\tA i p 2(19 ) 'I'lm 
idea of compound radicles, which wo meet ividi in tins pisaige, oeeiirs ii ry tn- 
queutly in other parts of tho same work, and it is of importunci! to obsene tli.it il in 
applied to explain tho constitution of neutral bodies as well as of iieiils. This in h(i11 
more distinctly seen in other passages, thus, of sugar, gum, and staieli, it is (-aid 
{Dp at pp 126, 1'26)' “Ces trom substances oat pour r.iihe.il rhMlriigi''un el. Ui 
eiii’boiio combinds ensonihle.de iiiuniiirn .i no forinerqu’imo seiile I jiimm et pnileK a I’elnt. 
d’ovido piu' uno portion d’oxygAao, ils no diflerotit quo pur U lu'opm'iiim des prineiinH 
qiii compoBont la base.” Hsowhere it is suggiated Unit the ads m.i\ uelnuily eoiistituto 
coinpoiiiid organic radicles in the free state, thus (pp. 19, S, 1'.I9) • "O.i up, unit, 
aisdiiiont quo los hudos dtoiit eoiupoBees iVhjdiiiguiiu it ilu e.nbmui, elli s soiil ’iln 
ventablcs rudicaux carhonc-hydreux ou hyilro-cnrlioiumx, ut eu i-fli I il siiliit il'o\i gem r 
les liiiiles poiu' les convort.ir d’ahoid on oxidis, ot eusuilo on iieules ii'"'.'tiiii\ suninit 

10 dcgi'd d'oxygfi nation. On no peutjvaa cepoiuhmt. nssurev il'imi nmniere puJitiie quo 
leshuilesenticiittoutes eiiticvos dans la composition ihs oxides etih s aeiihs i I'-gi'luiiv; 

11 eat possible qu’ellos perdeut anparavinit inie portion do Inn hviliogine lui do li.ai- 
carbono, et quo CO qm resto de I’lino ot do I’.mtro de ces substaaees mi soil plus il.ins 
la proportion n&essairo pour constituev dos liuiles” Ag.nn (pp. 2t(l, 21 1) “ I),, ,1-1.11 
conehu'o do ces rdfloxions, quo le.s huili'S soient la base, qu’elles soiuil le mdii'iil il, s 
Hcides vdgdtaux et nnira.mx? .Tiu d6),i ovposA mes iloatea .1 eet iV-inl I’l i iuii't,- 
moiit, quoiqiio les huiles p.noisseiit ii’otre iiiiii|iiement eomposi’i s (|ii<. d’!ivlii..'i iii. , t .1,. 
earbone.nous no savous jxis si lajiroportiunqii’ollcseneuiilitiuieui ,.si piniscnimii e, lie 
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nicassairo pour eonetituer les radieaux ties acicles Scrondement, piiisqiio las acidea 
vagitaiix et animaax uo aont pas spHloiiuuit composes d’liydrogine et do carbone, mais 
quo I’oxyg^ne outre ^galement dans lour combinaison, il uV a pas de raison do conclura 
qu’ollea contienuent plut6t de Thnilo quo de I’acide earbomque et de I’ean Ila con- 
tioiment bien, il cat vrai, les mat4riaux propros i chaeune do ees eombinaisons , mais 
cos combmaieons ne aont point i&ahaies a la tomp6rature habituelle dont nous jouis- 
Bons, et lea troia prineipea sout dans nn 6tat d’equilibre, qu’un degr6 de cbalenr, un 
pen sup6rieur 4 celui de I'oan bonillante, suffit pour tronbler.” This last passage is 
especially worthy of notice, as showing that Lavoisier distinctly apprehended that the 
question of what radicle a given complex body contained, involved not only a know- 
ledge of its composition, but also of its constitution, or of the way in which its eonsti- 
tueiit olements wore combined. 

The further development of the notion of compound radicles was a consequence of 
tlic advance of organic chemistry. Consoi^uently, with the exception of Gay-Lussac’s 
discovery of cyanogen in 1816, we hoar little more of either the word or the idea until 
iihont the year 1832 It is true that in 1817 Berzelius repeated Lavoisier’s state- 
ment that all inorganic oxides have simple radicles, and nil organic oxides compound 
radicles; but this romuinod a general doctrine without precise special application, until, 
ill 1832, Liebig and Wohler showed tliat, by regarding oil of hitter-almonds and its 
derivatives as compounds of a radicle containing D’H^O, they became exactly compar- 
alilo with the oonipoiiiids of potassium or other metals. This view of tho constitution 
of tho henzoyl-compouiiJs was at first cargorly adopted by Berzelius (Ann. Pharra 
iii. 282), but was afterwards modified by him on the ground that it was inconsistent 
witli the elcotro-oliemicnl theory to suppose that oxygen could be a constituent of a 
radicle He consequently represented those compounds as containing the radicle 
; for mstauoe, benzoic acid, + HO, clilorido of benzoyl, i(0'*H‘.0‘‘) + 

0''H'.CP. The formula! thus obtained wore strictly comparable with those adopted 
by Borzolius foroorruspondinginorgamc compounds- cy chromic acid, <7r(P + HO, 
oxtchlorido of chromium, fiCrO* + CrCP. (See Bersdiui Jahresberwht, xiii. 2U3 
H833J , iviii 368 |1838] , xix. 346 [1839]) 

Tile next class of bodies to which formula; were given, founded on tho idea of their 
conlamiiig compound radicles, exactly similar to nlumenU in their mode of combination, 
worn tlio derivatives of alcohol. Alcohol itself was ropiescnted by Berzelius 
{Jiihn nhencht, xiii. 196) us tlie oxide of tlio radicle CH”, and ether as containing 
I he radicle UTP Unis, alcohol 2(CH“)0, ether 2(C'H>)0, clilorido of ethyl G*H* 01, 
&c Liohig soon afterwiirds (1834) gave tho name cth/l to tho radicle C'4l‘, and ru- 
]ircsontiid alcohol as its liydratcd oxide (Ann Plmrni ix 1, Pogg Ann. xxxi 336, 
Jii'i'zel .Tahreshur. XV 313). In 1836, Eegnault represented aldehyde, aeotio acid, 
lliitch-liqind, and several of its dorivatives as eompounda of the radicle C'H", to wliicli 
ho gave the name nldehi/dcm (iVnn Oh. Phys, [2] Iviii 301, and lix. 368 , also Ann, 
Pliarm. xiv. 22, and xv 00), and which was afterwards (Jahi-osbor xvii. 232 [1837]) 
called acetyl by Berzelius; and in the few following years, similar views were 
applied by Berzelius niul tho chemists of his school to nearly all known organic 
cuiiipouiid.s. In all oases the leading idea was tliat which was thus expre-ssed by Dumas 
in 1837 (Compt. rend, v 300; Journ pr Giein. xiv. 298, Bor/ol. Jahre.sber, xviu. 
213) “In minoriil eliemistry tho radicles are simple, in orgaiiio chemistry they are 
compound: herein is the only difforeneo between them ; tho laws of comhiuutioii and 
of Iraiisformatioii aro the same in both Even if tho radicles of inorgnnie chemistry, 
sueli ii.s sulphur, tho mut.de, and oxygon, aro roiilly compound, wo cannot look forward 
1(1 I lien- decomposition , for if this decomposition is possihlo, it requires forces which 
wo arc not iiequaiiitod with. In organic chornist.i-y tho case is tho rovorso, and tlio 
dill’u'ulty i.s loss Hero the riidieles aro componnd, and our whole art consi.sls m 
lre.itiiig tliom so that they aro not hrokon np into their elementary constituents. Tins 
dccomposiLiun, liowoi i-r, wo can foi-eseo and prevent, for it takes place according to 
easily appi'ihendcil laws, so that it is by no nieims difficult to recognise .in orgiimc 
radicle, and to ti'imsfer it imdecomposod from one eorapoimrt to another ” 

Tlii'si) views wore not, however, tlio only ones that were applied to org.iiiic compoimds. 
Mitsolierlioli, for iiist.ince, reg.ardoda certain mimhor ot oigaine bodies as consti- 
tuted quite differently from any known inorganic compounds (see Eoiraoias, ii 701, 
702) , and Liiiirniit, in 1830, proposed a general theory of the constitution of organic 
eonipnmids, which was entiruly inconbisteiit with tho radicle theory M above described 
(boo N uoimns Tkeoky, iv. 143). But the chief opposition to the radicle theory arose, — 
(1), from tho difficulty of reconciling with it, ns it was hold by Berzelius, its chief 
supporter, tho constitution of substances, such ns cliloraeetio acid, formed by tho action 
ot chlorine and its aiialoguoa on orguiiio bodies , (2) from the fact that of tho voi-y 
numerous radicle.s wliosn existoiico llio tla-ory u.ssiimod. sc.irccly two or tlirco were 
known ill the sopoi-.ito st.itc, mid (3) iii eoiiscquuuco ot Gorhardt and Laurent's 
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discovery tliattlio numljcr of atoms of hydroRcn, clilovino, nitrogen, and Hudr aimlofrufi, 
taken together, wliich w,is contained in n moicculo of any wnll-iiiTOstig.iti'd cnmfjonnil, 
wits always an enen iminbor, wherous all the biipposod compound radicles contained an 
odU number of sueli atoms 

We have not space to trace tljo long and bitter coiitrovorsics which aiosc upon eaeli 
of these points an excellent aeconnt of them will he found in K e k u 1 c ' s Lehi htteh <li r 
organmhm Cicitw (vol. i pp. 59-9t. 1859'). It must suffice to navherutli.it tlio 
objections to the “radicle ” theory, referred to under tho first of tlie above lieads, arose 
from ite identification with tho eleetro-ehemical theory, and thoreroic lost tlioir force 
when this theory was abandoned, and it was consequently iidmittod llmt radicles 
playing the part of eloctro-positivo metals might contain not only oxygon, but cldnrnie, 
bromine, or in fact any other element The discovery of c.icfidyl by I! nil son in 18 12, 
of methyl, ethyl, and butyl by Frankland and IColbo in 1819, iiml siil'si qinntly of 
several other of the so-called alcohol-iadiclos, which at first siglit scimicil to afiord a 
conclusive answer to all a pnoti objections against the possible I'Msleiii'i of rudieles in 
the free state, rosnlted in its being ja-oved tliat tin; molcciib's of (be isol.ilcil r.idii'lcs 
consisted of two atoms, and thus the •' law' of ovou niiiubi r.s ” ri eeivtd a eontirination 
instead of tho expected refutation. (See jhncmioi.-u, uncus, i. 9(1 ) 

Tho idea of compound radielos, as it is now oiiteituined, is quite mdepi'iidcnt of the 
question whether they can lie actually propared in the sep.iratc stale or not A radicle, 
m modem chtimical language, is simply' a group of clcmenls wlneh is eoiniiion to a 
more or loss numerous senes of allied compounds, and remains iin.ittei'ted by llm pin- 
cessos whereby these compounds aro traiisfornifd ono into iiiiotlii r It is essenliallv 
correlative with tho idea of molecular types, .lud, us pmiilod out iii the places leleiu d 
to at the begmiiing of this article (espetMlJy ii 700), llie radieh mIihIi ,iiiy eijMi|iln. 
compound i.s rcg.iidcd ns confaining, must depend upon the type to wliii li llin eom- 
ponnd 13 leforreii, while, eouvcr.soly', tho typo is equally diqiend' iif on tlie i.nheb 

KADIOXITE. Natrolitc, from Brevig in Norw.iy (iv. 29) sen also an un.ilysis 
by Mieliaolson (Jahresb 1803, p 819) 

BASZSR. liaphaumsainnis Eadisli-roots coutnin, uccording to T J. Iferaiial li 
(Chem. Gnz 1847, p 279), in 1000 pts. 


■Water 
IVoody fibre 
Nitrugenows biibstaiice I 
with a little stnrch ) 
Albumin . 

E.xtraotive matter 

Sugar . 


Ml 


Hod eolnniing-imilter 
h’lit. ml 
Sin n'lne 7 

Alk.iliuo and eaitliy jilaisjili.ili s, ) 
with a Illlle ('t|lsUtll ( 

Aei l.itcs of jHitussiuai ami sodiMm 
Nitrites lit pola'-siiiin .iial siuliam 
lid hodiniii 


■i 17 


Theii'oli of the root and herb of theradibhhas alsohieii anidysed by '1' It iebivrdhoti 
(Juhresh. 1817-18, Table C to page 107 1), wstli tho following remilth — 

K'-O Na^O. CaO. MaO .SO’ bid'-' I'-'O' le"'l’(l< Ki 1 Kal'l 

Boot 21 18 . . 8-78 3 5.1 7 71 8 17 4(100 2 10 1 29 7'07 -- 90(10 

Herb 5 06 ll'OO 27'90 7 08 O'Gl 8 22 (1'07 10 1.5 . . Ssli) Kill iKI 


The dried root yiehled G'i.S per cent., ,ind the dried herb 2 70 per ei nt. iisli 
RABISK, OIlEi OI*. Tho roiits and seedb of tlie r.idisli yn Id, l,y dis| ill.itioii with 
water, a milky liquid, from which an essential ml may he olil lined by reelilleniun 
Tins oil IS colourless, lieav'iev than water, cmir.iins sulphui, f.nms a wliilo pn l•l|lll'lte 
with raorcunc chloride, yellow with pl.itinic cblmido It. is modirately s,,l,il,l,. „i 

Tho same oil is obtained by dtsHlbng, with water, tin seeds ot J!tti„.-ua iVaim ., 
Cauhlmua J)r<jha, and ClutiitiU/tits nijiiiias. 


RAMAIIWA CAtlCARIS. A lichen which yields .ilpba-n.snie .teal ( 
Usmo Acid ) a i i 

BAlKBSESiSBiaiiGlTE. 'Triraetiie iii'suudc of niefcol, NiAs^ (n 30) 
RAOTBAWITE. An earthy hydrate of eilica, occurring near I'mit (Jiluudiii I'm 
(Sec Opal, IV. 301 ) ” 

BAHGOOW tar. See Naphtha (iv 3 ) 

RAKUMCBEUS. Tho root of Eoto m, githereil n, i’nseanv ni Ai 


and May, was tumid by Tunc ain (fmaml.i, i l.'i.i) (o 
tallisable sugar, 0 4 to O'G ih Atiiii, 28 star. Ii, and 


,11 1 id dell lerimls sub t 



KAPAKIV I — PA T ANHINE. 


77 


Till' acrid juLCB of Tfamtncitlus scelcraivs yinlclH by distillation a clear, sharp tasting, 
fjtid lupud, which when kept foi some time, evin m closed Teasels, deposits a white 
ninorphous precipitate of unemonin (i 290) Etliei exlracte from this distillate a 
neutral, acrid, golden-yellow, noii-snlphiirnltcd oil, hcavicrthim water, which attacks the 
eyes strongly, and raises hlistiis on tin akin When kept under water, or m contact 
with chloride of calcium, it concretes to a white solid mass, uliicli quickly changes into 
ancmonin and iinemonie acid It is to tins triinsfoiniation of the acrid principle of the 
ranunculus, and not to its volatility, that tho loss of aciidity of tho plant by drying is 
due (Erdmann, J. pr Cliom 1 sis.t 2U9.) 

ZtAFAKIVI. A \arie1y of granite containing GO 16 per cent orthoclase, 31 83 
qnaitz, and 6 71 mie.i, occurring at Pyterlaks and other localities in Finland (J.dircsb. 
1802, p 781 ) 

ItAlPXi. Sec Bhassica (i G.If) — ^Hapo-scod oil, Hitile de -navette, in a fat oil 
obtiiuicd by piossurc from I be scids of u nilcr-ra pc (Z/ress;c« Napus\ which yield about 
33 per cent, of it Q'bis oil is yellow. Inis a peculiar odour, a density of 0 9128 at 15°, 
and Hohdiili-s .it a few (leurees below 0°. By dry distillation, it yields a mixture of 
voliitiln fatly acids, acrolein, and oily liydrncaibons of very vari.iblo Iwiluig point. 
Those liydroc.iibims nro strongly al tacked by nitiie acid, yielding capiylic, ronautliylic, 
Cciproic, valerianic, bnlyric, piopionic, and acetic acids AVitli cliiomio acid tlio same 
liyiliocai'bons yield only uccLic and jiropionic acid (Schneider, Ann Ch. Pliarin. 
Ixx. 107.) 

K.qio-sicd oil IS used for ilhiniiniition, for the mannf.icturo of soft soaps, for oiling 
woollen stuffs, in the pu‘|Mrulion of le.illier, and for lubricating niaelmierjr. 

Tho seed.s of Hiiminer-i ape, Ihmuca pro-iuv, yield a jellow viscid oil of specific 
gravity 0 9139, whicli deposits tallow at —8°, and sohdilles to a j cllowish- white butter 
at —10° (Schnbler) 

Tho seeds of the turnip, JSraMoa Napus, yield a smaller quantity of a similar oil, 
of speciilo gravity 0 91C7 

Colza oil, used elncily for illumimilioii, is obt.micd to I he amount of about 83 per 
CRiit from tlio sci'ds of cid/.i or wild ii.ivcw, (ihiMwcrf vampi'Uiu, var oleijci-a) It 
IH yellow, of spi eilic gravily 0 9136 at lu“, and solidifies at -C" lb is chiefly a niix- 
liiro ot two glyLcrnlLS, which yield, by sapoiiilitation, two peouhar fatty acids (Seo 
Buassk; Acin, i fir),') ) • 

K APH ANOSMITZ. Kohell's name for native selemdo of Ic.id and copper from 
Tilkerodc (ill, 657 ) 

KAPHAWUS. (,Sco KapI.SJI, p) 76.) 

KAPHIIiITB. Asbestiform tromolito from Lanark, in Canada (Seo Ilonit- 

HASTOXVTXI. A reddisb-grey micaceous mincr.il occurring in monoolmic foisns 
at Muiuoc, Orange County, New York, analysed by Shepard (Sill Am. J [2] 
XXIV 128), and by Pisani (Coinpt, lend, hv 6llC , Jaluvsb. 1862, p. 719), whose 
results tliil'er widely from one another • — 


SIO= Al’O’. TaO CiO, M«n nail loilB. IFO 
42 3 6 5 38 25 2 0 1 0 6 15 3 8<t = 100 (Shepard). 

3198 21-88 28 14 . . 0-24 . 9 22 = 100 76 (Pisain). 

From the physical charaeteva of tho miuciul, Pisaiii regarda it as allied to ripidoliLe. 


RATAWHIA. In tho hark of rulimhi.i or rliatany-root, Kiamcua tiiandra, 
Wittstein (J.ihrcsh 1851, p 656) found a peculiar iron-greemng tnnnm, a body 
anidoginis lo cmchoiia-rLd, oi i.illnr to ipiinova-red, rnsnlting fioni the deoumposition 
of the tannin , also gummy' mal exlnielive mafleva, wax, sugar, starch, and oxulato of 


ealcinni In I lie Ameriean extuict of r.ituiiliia, Wittstem loiind anitrogenous body. 


which ho icgardud as tyroMiio, (Sue tho next Article.) 


RATABTHIKTE. C'"II'“NO’, (E Hugo, Viei-tolj d luiturforaoh ftoaellach. ui 
Zurich, vi Ilcft 3 , Jahreab 1862, p 493 ) — A comijound homologous with tyrosine 
(C"E"NO“), occurring to llio amount of 1 26 jier emit in tho extract of rhatany-rooL 
It was first observed by IVittstein, who regarded it as tyrosine To prepare it, the 
solution ot 1 Imtany exi r.iet la precipitated with basic acetate of lead, tho filtrato, freed 
fioni lead by faiilpUydric acid, is eiaporaled to ii sraiill bulk; the crjistids, whicli 
Bcimnito after 12 hours, are luesaed, washed, and ditaolvcd m ammonia, tho solu- 
tion is left to cyaporato , and tho cryat.ils which then soparale arc further pmrifiod by 
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RATOFFKTTE— RED TiaMENTS. 


prt'(;i[litatiiig Mioir soliilioii with Ixisic iicohifo of Iniiil, and Uv'iifing Ihi' lillrali' Hilli 
RUlptiydvie acid at the lioiliiig hp.it. 

Ilatauliiiip, thus pvmlled, crystaUihPs iu largo sphorie.il nf'gri-g.itps of di'Ucate Mhilo 
needles, drying up to an mtcrhiccd mass It dissolves in I'i.'i pts of hniliii); u.di r, 
and, like tyrosine, h.is a gi'e,it tendency to form supersaturated solutions It h shghlly 
Bolubla m boding spirit of ordinary strengtli, quito insolnblo in absolute alcohol and in 
ether. It IS not precipitated liy neutral or ha.sic acehite of lead, or by morenric ad tiite 
A solution of rataiihine siitnrated at Ifi®, assumes a rose-red eoloiir when heiitisl uilli 
a few drops of tacrcMJic nitiate, and on furthcrndditioii of tlia latter, deposits hunui-red 
flocks. Wien ratanhine triturated with a biiiall quantity of water is mixed by drops 
with dilute ana!, and heated to tlio hoiling-poiut, the liquid becomes mse-nd, 
then ruby-red, then gives off pas and assumes ii deep indigo-liliie colour, diii‘ lo the 
fonnation of resinous hodios. Tins coloration is percoptihle oven to the bp.OiiOlh 
degree of dilution. With a larger quantity of nitric acid, more ci>m)ili'tu deeomposit mn 
takes place. Kalanliino moistened with w.it er is coloured rosn-red to i iohl red by 
nitruiia acul, and with a lai'ger quantity of water, a blue or green sulntioii is uUiin.del) 
formed. 

Ratanhine, like tyrosine, unites both with mincr.al acids and with alkalis • it deeom- 
posos the carbonates of the idkalino earths A soluliou oi ratanimie in liavyla-wati r 
deposits part of the rutanliuio uualtnrud. whdo tlio coiiqiouiid C'"iriiJJii"NO’ n mams 
dissolved. 

Hydiocldorate of raianhino, C‘'’H'’NO’irCl, crystallises by sjioiil.iiieons evaporation 
m colourless acid prisms or lammm, which are decomposed liy water or aleoliol, willi 
separation of ratniihme 

EatanlanC'S’ilphuno ox Stdplio-raianhc acid — The d.ii'k-rod ‘•oindon of lal inliiiie 
in S pts of warn coucoiitr.ited Hulphiirie neid bci'omes eoloiirless on dilulioii, nid if 
then neutelised with earbonate of biriuiii, dipowls slender silky necdli i of llu sail, 
C"’H'’Ba''NO’ ^O^JIPO, and tho iimllior-liqiior dries up to an Bmorplioiis m.is'-, eon- 
Bisting chiefly of the suit C™IP'Ha"N-'0“ 8-0“ filf^O. Tim acid 0'''il' 'NSu', m- 
C"’H'*N0“.SH'0*, separated from tlio latter salt by siilpliurie mud, crystal I ises fiom 
absolute alcohol in largo coloiu'less square plates. Both the acids and flieir I'liniim- 
salts react with ferric chloride like tyrosine-sulphuric ocid, produeiiig a spileiidul i inlet 
coloration. 

BATOFFSXTE. A pamilnr or earthy blue variety of lliior-spiir, iiiKed witli 
clay, from Ratoffka in Riissin. 

BATfiniTE. Ainiiier.d, apparently allied to eainarkiie, from Jhiimo, m h inland, 
containing, according to Bonsdurtf, 43'0 pet cent, silica, 1',! (1 aluimmi, ID 11 I'enie oxide, 
12'65 magnesia, and 0 0 water. (lUniimdsli llmeralcli. p K.'iG ) 
BAXOMOEFSKISi:. All argillaceous sulwtauce from Kosiumilli in .SiIi'mu, emi- 
taining, according to Gollner, u4-60 per cent, sihea, 27'25 alumina, 2 (in lime, (I 37 
magnesia, 0-2fi fame oxide, and 14'2fl w.iter ( = 9S‘(j2) 

BEAXiOAB. Native protosulpiliide of arsenic, AsS (i. 38G). 

BECX'IFICATION'. The concentration of a volatile substance liy ilisldl.iiinn, 
BED ABTIMON'T. N.itivo oxysulphido of aniimoiiy, or Kiimaiti, .Sh'(I.S“ 
(lu. 446). 

BED CKAEK, or BEBDEE. Earthy red Incinatito luiving a 11, it conelnndnl 
fracture , used as drawing chalk. 

BED COFPEB-ORE. Native cuprous oxide (ii. 70). 

RED DVES. See Dmino (li. 36fi). 

RED HaSMATlXB, or BED IBOST OBE. Native aiiludrons feme oxide (in. 
S37, 393). ^ 

BED XBON'VITBIOE, or Batryngm. Native ferroso-fomo sulplnitu from 
Eahlun (i. 661). ^ 

BHD DEAD, or Mimum. Bed oxide oflead (iii. 681) 

BED DEAD'OBE, or Cncomie. Native chroniato of ic.id (i. 934), 

BED MAWGAHESB, or iOiaSqyiA'. Nath o eiirhonato of manganese (i 7811) 
BED OCHBB. Red huanatite of a soft earthy consistence. Tim same mime is 
“P^ted)to a pigment prepared by caleuimg yellow ochre (clay conhiitimg 6 me 

BED PIGMENTS, The rod pigments most commonly used are red oxide of 
irou in various states, rod oxide of lead, and Vermillion Indian red is inire red 
hamatito finely ground. The same name is applied to a daik-rcd fonie Hilienle irom 
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tlie Porsiim Gulf, uIho used as a pigment. Vcniiian red aud colcothar are conrser 
varieties of red hs'inatito — Tied ochre (vid. sup ) Bole of Armenia la a red oxide of 
iron mixed uitli clay. — Eespecting red lead or see L bad (ni. 661). Aline 

ted-hrown is obtained by mixing red load witli ferric oxide. Vermilhon is mereiiiic 
eulpbido prepared by Bubbmation (ni. 913) Native cinnabar is of a duller rod colour 
— ^Anfimo»y-i'cnni7/io«, a sulphide of antimony propi ’’ ^ itimoiiy- 

salt with an alkaline hyposulphite, generally with s a very 

solid rod colour, little eiibject to change except by t! i 'Wlien 

tuturated with drying oils, it acquires great vivacity and lustre, and forma an oil-eolour 
well adapted for house and furniture painting (Hofmann’ s Exhibition Bepmt, 1862, 
p 79) — ifra/jiur, or native red sulphide of arsenic, is also used as n red pigment — 
Me> cui'ie iodide affords n splendid scarlet, but it is very liable to change by the action 
of light — Cobalt-rose la a tine rose-colour obtained by calcining nitrate of cobalt with 
m.iguesia. — Arsenate of cohaH, both the native variety and that which is prepared by 
calcining the ar.seiHO-Bulphido of cobalt in contact with the air, affords a very rich and 
pc 1 rod colour , but it is very poisonous. — ^Various i ed lake-- are prepared by 

procipitaliiig infusions of madder, coehinoal, and brazil-wood with solutions of aluminii. 

(i 060, 801, lii 400, 760. See also Vhmie des CouleurB,pnx J Lofort, Pans, 
1865, pp. 133—196.) 

RES SII>VEB-ORE. See PnousTiTB (iv. 740), and PraAUGViiiTE (iv. 763). 

RES VXTRIOS, or Bihente. Native cobalt-sulphate (See Suirnanis ) 

RES ZZirc-ORE, orZineifs. Oxide of zinc containing manganese. (See Zinc ) 

RESSEE. Syn. with Run Chalk. 

RESRVTHIXE, or Cojrper-glance. Native enprons sulphide (i 74). 

RESVCTIOKT, The uhstraetion of an electro-negative from, or addition of an 
eloetro-pobitivo clement to, any compound, thus an o-xido deoxidised by the action of 
hydrogen, charcoal, &e., is said to he reduced" the addition of hydrogen to an organic 
cmnpoimd, by the action of sodmm-ninalgam, &c., is also called an operation of 
reduction. 

REFEECTIOR' and RBrRACTIOMT. See Light (in 008) 

REGUEUS. A metal roilnced from its oxide nr other compound by fusion with a 
reducing ngent. 

REISET'S SRETS. The diammouio- and totrammoiiio- platinoiis salts, dis- 
covered by Heisot (iv 673). 

REXSSACKBRITE, A brown-black spring-deposit, occurring between slabs of 
gneiss at Wildbad-Gastoin, and containing, according to Horiiig, 3416 per oont. 
m.angaiiio oxide, 14 16 ferric oxide, 7 69 calcic ciirbonato, 10 9 water, and 27 27 sand. 
(Eammelsb. Minoralch , p. 1008). 

REnxiE'GTON'iXE. Hydrated carbonate of cobalt, occurring as a roso-coloured 
incrustation at Fiiiksburg, in Maryland (l 782) 

REmOEXIiriXE, Syn with Ataoamith (i. 429). 

REUrBSEEAERIXE. A mineral having the composition of talc, but the orys- 
tallmn form of atigito It has a iliio compact texture, is unctuous to the touch, 
tmiislueont, mid of a grey, whitish, greenish, brownish, or somotimes black colour. 
Hardness = 3'1. Spoeille gravity = 2 87. On account of its softness, tmnBluceiicy, 
and fine toxtm'c, it is worked in the Lithe into inkstands and other forms. It occurs 
over large ureas in Northern New York. Two spoeimons uunlysod by T. S. Hunt 
(Jiilivosh 1858, p. 743), a from Grenvillo in Canada, b from Canton, New York, gave 
the following results — 

SilO’. MgO. FeO. WO. 

a. 61 60 31-06 1 63 6-60 = 99-79 

b. 61 10 31 63 1-62 6-60 = 99"96 

RESlGAEEtria. A term applied both to realgar and to orpimont. 

RESIEAXXXXC AOXO. A crystallisable acid resin obtained, together with 

otlior products, from the root of huttor-hur {Tussdago PetemUs) See Tusshago. 

RESIKTAXES. A general name for the salts of the acids obtained from turpen- 
tine— viz , sylvie, pinic, and pimane acid iov.). The general formnlm of thoso salts 
are C“n’=“MO« aud C“H“M"0< 

RESZEEIIT, or BESIM’On'E. This name is given by Pr6my to a hydro- 
carliou (probably impure colojihono, i, 1086) obtain^ by the dry distilliition of 
colophony. 
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BXSITTS. A class of compounds of vcRctablo origin, charactenscd iiy being iii'in- 
Inblo in water, mostly snUiblo in alcohol, uncryatalli8ublo,au(laofLouing or mcUing iil ,i 
moderate heat They may bo divided into — 

1. Besins which cAUde apoiitiiiicoualy from jd.inls, or from incisions in the sli ms 
and brunches, and harden on exposure to tho nii Tlicse arc mostly ini.v( ures, soiin I lines 
oQutaming canhider.d)lu quantities of giim or iimcilage (^Gum-rii,iiih\, or of loliitihi oil 
(BaUamn). They .U'o for the most part produced by tho osidutiou ot lol.itilc oils 
eecreted by tho plant 

2. Oi-ulual Fosutl, Scbint, occurring in bods of coal lignite, &c , and iqipavontlj 
produced in 11 similar iniiiiner from plants of a Iiygouo age Tho tcrui lus'il n sin is 
sometimes, hut inappropriately', extcndoil to certain Iijdruearboiis, eiilIi as bclieu'enie, 
ozokerite, &c., occutnng m similar lociilitii.s 

3 Rosins cAtnitinl from plants by alcohol, and consisting m many cases of deliuil" 
proximate principles 

Eesinous bodiis lire also produced, urlificially, by the oxidation of vol.itih' nils m 
contact with air, or by tin' action ot ndric ncid , in tlie desice.ition of diy iiig mil, m 
tho decomposition of aleoliol, iihMiydc, and siiiiilar compounds by potash, mid in the 
dry distillation of tuiiiiv orgiiiiie ('om[ioiimls 

Natural resins may Im freed from .iiliiiixcd viihitilo oil hy exposure to tho an, hv 
boding with water, or by fusion , gummy or miicilagnions sulisi.tiiccs may be i xli.u ii d 
from them by water — When a resin has been oxtiuclul finiii a plant by lint nleuiiol 
or ether, the solution on cooling do|Kisits (liegri .iter jurt ol tin- nay m l.it eiinbiiiied in 

it, and if it be then distilled with water, the resin mis belnii 1, ami m.iy be tin I In r 

purified by washing with wall r 

The products thus obtanieil frequenllv irl.mi small f|ii.iiililn s ,it and, fit lulilil. 
oil, oolouring-iiiatter, iStc, and may in soiiiu e.iscs bo resohedmlo tiui la iiioic iism,, 
differing in co)npcail,ic)ii mid propeilies 

Eesms are transparent or traiisliii'oiit , a I'ew aie eoloiirless, hnt llie gn if, i lumil,, r 
are yellow, hi-owu, or olheni ise eohmn d Some of tin iii are hitid ami li i ib|, , ,i t, « 
are erystallino, others are soft and grciisy, or elasl n- like caonleliotie Tiny ins', mi,' 
olectiioby friction AVhen healed they sottcii or melt, mostly witlnuit iheomiio"ilioii. (u 
a thick tenacious linnid, generally innro viscid flmu melled Cat Tin v ar,, md luliihl, , 
but when strongly Iicated, they ciirbmiihn, and give off earliomc uiiliyilfiil,', n ibi, 
gusoouB bydrocarboiiH, and lobitilo oils laryiiig greatly iii eompositioii (,s|i, ('m oi-hom, 

Eesinanro insohiblo iii wso’er. most of llieni dissolve freely iii e„ld 
scarcely at .ill, or only 111 hot iileohol The uleoliolie solutions, n In ii exp, I |,, il,,- 
Ml, give off tho Iileohol, and le.ive the rehin in ihu lorm ot ,i viiinsh 'fb, y m, j, 
dered milky by water, from hepiaratiuii of (lie resin , mme eoui[d, I, ‘.piMte.n i, 
effected by miiicr.ll acids, Jlost resins me sohiblu in cMn Wdutd^ Iil.ue,, 
diesolia them, and the suhitions, on ex|iosme to the .iir, leiiie fn ,-t a b.d"- im-lik, mi -, 
then tha resin. Eosms in.iy be mcltul togctlnr iMlhyabs, (bur wibnn.ns m diyinp 
oils harden in contiict with the air 

Eesms are either iicm:™/ or «e/i/ Tho former, w lion dissoU.d in iih'oli,,!, do ii,,t 
redden litmus, and they tire nisohiblo or only bp.ii'iiigly soluhle in The 1 itt, r 

which uro tlie more numerous, redden htiniis in alcoholic solutiou, ami ih .,,1\, 
caustic alkalis and alk.iliiui earlioiiiites, the selutioiih, win ii mapoiad ,!, h .i\ inp im,,i- 
phous mtissea, culled resin -hull ps, olten jireeiiafalde bom the holiitioii by ,sr,., ,,i 
alkali, Common yellow so.ip ennsisls ol tiillo\i-uap mi\, d with .i i, siii-.,. n,. I.tih, ,1 
by dissolving colophony in e.uislie sod.i or ciirlioiiati of sodium lly di'eonit'o'iiii' the 
solutions of the resm-so.ips with nielallie salts, eoiiipounils of the ,icul U'.in inth 
metalho oxides are formed, fur tin' most )i,irL insohilJo in u.ii, r 

Eeains ore used for a yuncty of pin poses Their eolnlimis iii ,ile„hoI, ml of iur,„ n- 
tine, and drying fat oils, yidd the .seier.il kinds of yiiriiisli iisid foi (m.'img 
metal, &c with a thin hut inipermeiihle eoating, iii ordei to prole, t them bom nir .iml 
moisture. Spiiit-varnmhes .ire Urn most biilbaiit, but ,ilai the most bnllle; tin ir 
rigidity may bo diminished by tlie addition of oil of (mpeniiue. T’h. i, hiu., < emimuily 
usod for viirnislies are eujuil, elemi, lae lu He.ile,s, miistie, ami s.iiidii.ieli 

The foEowing is a hst of the n.itural resms, shouiiig, exs epi m Ihe e.ise of the lus ol 
resins, the plants from which they are derived — 

Eusms EXUlJINO VHOM El VNTS 


a Coniuimny Eiiiru 

1 . Acarbid ream, from Xanthuri him 

hnstilis 

2. Benzoin, from Stpur Ili»:ivn 

3. Drngon’e-blood, Onent.il, from Cidu- 

mus Draco 


CinniDiiir acid 

Driigon’s-bloml, C.ui.iriiui, liomEi,i- 
cii'iiii Jh III II 

Ih-.igon's - hlood, Aineuean, fioin 
l'Cuocii>2»/i l>nicn 
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a. Containing lienzoie and Cinnamie Jotd (eonbhued) 

4 Peru Balsam, from Mgroxglon perm- 7. Solid Storax, from Styrax officinalis 

ferum. 8. Tolu Balsam, from Myrospermm 

6. LiqiudStorax, American, from Xfjws- tolmferum or frutescena. 

dambar sti/ractflua. 9. Mecca Balsam, from Opobalsamm 

6. Liquid Storax, Oriental, from Ingui- veram, s. edeadcnse. 

dambar Altingia. 

P. Not containing Benzoic or Oinnamic Acid. 

I. Alouclu resin, from a tree growing 17. &omurt resm, from f?«> sera 

in Mudagnscur /era 

2 Gum ammoniacum, from Borema 16. (imiaaim, icom Bmiacum officinale, 
ammoniaium 19. Icicu-rssm, from various species of 

3. Anlmc resin, from Hgmcnaa Coar- Icica 

bard. 20. Ivy-rcsin, from ITsdrra ifcK.r. 

4. Arbol-a-Bro.i, from Canarium 21. Jal.iji-reBins, from Convolmdm 

albumi Schwdanus, &c 

5. Asafostida, from Ferula Asafmtula. 22. LaMauura or Ladanum, from Cistua 

6. BdeUmm, from Balsitmodendron creticus. 

(various spcoies). 23 Luc, from Aleurites laccifera, Croim 

7. Betulin, from Betnia alba. arimiaticus, Bvtea fiondosa, Ficus 

8. Carauna, from Amgns caranna, rchgtosu, mH Zizgphus Jujuba 

Bursera gummifcra or acummaia. 24, Luotia-iosin, from iMbtia resmosa, 

9. Ccriidia ream, from Gsrudia/ureafa. 26. Mnsopin, from a Mexican tree. 

10. Copaiba bal.sum, from vario'usapeoios 26. Fiasiia, horn. Pistacia Leiitisous. 

of Copuifet a. 27. Maynas, from Oalaphyllum Calaba. 

II. Copal, Brazilian or WeBt Indian, from 28. Myrrh, from Balsamdendron 

Ilijmeniea Oourbaiil. Myrrha 

Copal, African and East Indian, from 29. Olibanum or Inconse, Indian, from 
Hgmenrea vei riloosa or Elmocarpus Boswcllia serrata 

oopnlifn III, Olibamim or Incenso, Arabian, from 

Copal, Norlh American, from Bhus Amgns Kataf. 

copaUina 30, Opoponui, from Ferula Opoponax. 

Dammaia rosin, Austr.ihan, from 31. Palm-wax (Cera da Palma), from 
Danimata auitrah.', Cnoxglon andicola. 

Dumni.ira resin. East Indian, from | 32. Piisto-resm, from a Mexican tree. 
Binus Bammaia or Dammaia alba 33. .Siigaponnm, from Ferula perswa. 

13, Elonii, from Awi^m or /cicff (various 34 SaniAraxili, Irom Thuja artioulata. 

species) 35 Scammony, from Convolvulus Scani- 

14, Eiipborbiuin, from Euphorbia offloi- •moniuni and other species. 

naium.ankquoium.mAianaitcnsia 36. Tucamahae, West Indian, from 
16, Giilbaniim, from Uiihoa Amgns tonicntosa, 

16, Gamboge, from Stalagmites cambo- Taoaniiihac, East Indian, from Oaio- 

gioides or Ilebradendroii cochin- phgllum liuphgllum. 

chinense. 37. Turpentine, from coniferous trees 

B. Possir. HnsiNs (containing oxygon). — Amber, Ambrite, Anlhraeoxeno, Asphalt, 
Borongolite, Boloretin, Buearumnnga-resin, Copalin, Eiiosmito, Fossil Caoutchouc, 
Giiayiiqiiillite, Hiirliii, Inolyte, .T.iiiliiigitn, Kr.uitsito, Molanchym, Middletonite, Pciit- 
rcaiiis, Piaii/ite, Pjrorotiii, Befinasphnlt, Eotimte or Walchovilo, Selerelinito, Eesin 
from Settling .Stones iii Norlhumherland, Tiismaiinite, Xyloretin, Eesms from the 
Lignite of Weisseiifiils— VIZ., Geocemiu, Geocorieacid, Goocormono, Geoniyriem, Geooerio 
acid, Loucopetrin. 

C, IlpStNS EXTUACTISn IKOM PLANTS IIY AlCOHOL. 

Nearly all plants yield resins when thus treated Among them may ho mentioned 
the lesiiis of Aiigelioa-root, Indian hemp, Gulichs, Miiuna, Poplar-buds, Butter-bur 
( Tusstlago J‘ct«,si(l('s),,Spiunsli pepper (capsicin), Squill^iS’affawiWtZHia), and Turpothum 
(Ipi'iiKca Turpethum) 

JVio.st of the resni'. .ibove enumerated have been or wiU. ha described in their alpha- 
lieticiil pliiees Snrao are not suffieiently impoitaut to require special description. We 
give hero a few that liavc been omitted. (See further Gindin's Handbook, xvii. 382 — 
455). 

1 Gum Ammonmeum — This gum-resin exi.des from an umbelliferous plant {Dm'eina 
anmoniaeum, Don , Heraeleum gumnuferum, Willd ) growing in the northern parts of 
PcrMii and Armoiim It occurs ni oommercc, wmietniies in white, yellow, or reddish 
Vox.. V. G 
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grains of various sizes, sometimos m cakes jiinetl with sand and aawdnsf. It li is a 
strong disagreeable odour, resembling that of garlic and of e.istovenm, and arising Irom 
the proaenee of an essential oil (probably snlphurettcd), Mluoh may he aepiir.iti'd by 
distillation with water. It softens at the heat of the hand, and bceoinfs brittle nln n 
cooled. Specific gravity = 1 207. it contains, iiecordiiig to Jliieliolz, 72 0 per cent, 
resin, 22 4 soluble gum, I'fi basaorin, and 4 0 volulile oil and water; nccordiiig to 
Braconnot, 70 0 resin, 18 4 solublogum, 4 4 bassorin, 7 2 volatile oil and w.iter 

By digesting gam- ammoniaeum with alcohol, a clear yellow solution is obt.iiiied, 
which yields by evaporation a transparent ne.arly colourless resin, eontiiining, iieemdiiiL'' 
to Johnston, 71 9 per cent, carbon, 7 0 hydrogen, and 20 o oxygen By lie.itmg tins 
resin to 130 as long us it gives off vapour, another ream is obtained eoiit.iiniiig iiioi e 
carbon. 

2. Jiesmqf Ceradtafurenia. — This pbant, growing on tho ra.istof Afrieii, oppnsito 
the island of Ichahoo, yields .in iiinhor-colonred resin, having the odour ol olib.iniiin, 
and a specific ^pu’ity of 1'197. It appears to havo the oompnsil loii ot the I iii'peiil me 

3. Qomart-vesin, ham Burse - r a ■> mtlmr soft in tlie middle, 

nearly white, and of crystalline i hiiedwilli sliniiii;' erysbiK, 

slightly fusible , spreads out on UoiJing water in aittiesive grams 'I'lic oiloiii' is inter- 
mediate hotwoen that of tiirpniitiiie and that of elomi Vields by detill.ilion miDj 
water, a transparent colourless voliililo oil, h.iviiig tho odour .md eoinjiosiiioii ol tin jn ii- 
tino-oil, C“'I1"’, vapour density » 4’7, and loriiiing willi liydioeldorie acid gas a 
hydrochlorato, C"’H‘'’.2llC], which cryst.illises in d.ie/liiig while silky nei dies 

4 from llerleia Tted-biowii or gie, insli brittle Iiiinjis, liiiiiiiga 

specific gravity of 1‘291 (lirisson). IIiis af.iiiit .iromatie l.istii and oilmii' fJniitams, 
aecordiiig to Pelletier, 23 per cent resin, 7 giim, 70 wnnrly fibre, with m ibe seid ,mii 
salts. It bnrns with a bright llame and iigree.ibIo mloiir; yields by di y dislillahoji, 
first acid, fhoii aininoiiiacnl water, tngelher uith yeltow and red ml. 

5 Bmn of iMoha reamom — Small yellowish-while, tr.iiispnieiit, giem, biillle 
groins, with conelioul.il friietnro Ibis a f.iiiit iiiomiitie ndmir. Yields a small (oi.m- 
tity of volatile oil by distillation with w.iter Wlion heiilcii, it melts, swi'lls ii]), bin m. 
with a white very smoky llame, leaving a Intiimnioiis eiinhw. Jlissidies eoinple'lelv m 
boiling alcohol, and partly separivtos on cooling. (Maeairo-Pr iiisep Hibl uinv 
xlv. 431. h 


RSSPlHATIOir. All animals. Bo far as we know, Ii.iie need ofoMin n m oi,]e|. 
that the oxidative processes, wliorohy their life is m.iiiitesled, ni.iy he eairn if oii .Oome, 
tho so-called air-breathing iiiiiinals, oht.nn tin' oxygen th<y reunne Irom the atmo- 
sphere; others, tho so-called aquatic aiiini.ilH, Ine on the free oxygiu .ihiiivs to be 
found in those waters which .iro eapahlo of siipiioitmg hf,. I„ , fj,„ 

osygan-faearmg medium into close emit.iet with the blond oriiileriml id the body 

a special mechanism is in most cases proxided. Thus in m.iii, by'ilie ultmulu ( k'. 
pansionandrcliixationof tho chcst-walls, a qiuiility of air is allerm'd, ly dr twit mto.md 
driven out of hollow organs ciillod lungs, siiniited m the eliest, Imi li.iMng a dii.it, 
connection with tho external air; by means of bloodvessels r.miifvm.' oi, ,• liie bm.. 
tho Wood is brought voiy noiir to the air .Similar org.ins, with \ .in, '.in m, ,ddi, it „ ,m.’ 
are found in iilltlio higher and in some of the lower air-hiv.ilhmir imiimils 1.. ,,ih.r 
cases, e. g. insects, mr is earned by iitoaiiH of iMiiiifyiiig tubes ai'l on r Ibe bmiv In 
many nqiiatie aniimils tho blood or iiiitritno final is made to i.iss mb, or ilii,.ii.'h 
organs called gills, so eonstruetad that the water in whiili llin iiiimed is lum" ih „ 
rated fromthobloocl or nutritive fluid by a very tliin mi-mhr.ino only !„ w,ii, r 

IS carried hy canals (w^atcr-vasciilar orgniih), by a system of irrigalion as it w, le Ihiomdi 
a smaller or larger portion of the body. Piniilly.'all aimiials are ein,,,bl, i,, , 

or loss extent, of acting upon and being acted iiiion hy the Harrmmdiim oxie, n-beuiier 
medium bo it air or water, through tlio external -mfuoc of lli..|r bodies ,ind thinui-h 
the walls of vaiaoiis cavities (digestive, &c.). In m.my ol tho low er .miunils I Ins ,s i h,. 
^ 

Tho word breathing or respiration was at first used to denote tin- visiWe ,v 
of wheroby the oxygon-boaring mcihiim was hionubt iniir l„ the II mds 

r 1 ("Hm'otwni .md out of (he Inn.-, 

fexpivaton) oy a.,.dogOu3 functions, in other aiiiniiils, -and is slill ni'ien einnb,!, I 
in this limited aenso. Inasmuch, however, as .i partienl.ir i.siarit,,.. me, liaiuM,, n. 
-...t o„.,o..t„.l to tho gum, „g „r oxygon, while the g.iining of oxim'n m ih,. , ,, I „f 

every re.spirntory meehaniMii, It has heeoiiio .i lialnt to rmisKier r, m 
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the .ibsorption of free oxygen by any means M'hatsoever. And since it so happoiia that 
lit the same time and place, and by the same organs that oxygen is taken into the 
economy, carbonic acid is also given out from it, and other changes of gases possibly 
take place, the term has acquu-ed the BtiU wider signification of “ the interchange 
between the gases of an organism, and the gases of the medium in which it hves.” 

Theory of Respiration. 

The aiioionts were for the most part agreed that the ^eat use of breathing was to 
cool tho lungs imd moderate the heat generated in the nseera , and this opinion main- 
tained its ground, to a gicaf extent, through the middle ages into modern times, in spite 
of tlie iinatoimcal and physiolegie.vl labours of 'Vestihiis and Harvey The observations 
of V an Helniont (1048), on the unfitness of gai sylorstre for hre-ithiiig purposes , of 
Hoyle (1670), on tho necessity of air for the respiration, not only of all terrestrial hut 
also of aquatic creatures, .and on the unfitness of respired air for further respiration , of 
Hook (1664) on artificial xeBpivatiun , and of Lower (1669), on the change of colour to 
lie obseived lu blood while passing through the lungs, prepared the way for tho striking 
views of John May ow (1671). Tins young physiologist recognised, ns a constituent 
of atino.splierio air, of nitre, .iiid of other siibstaiiees, and as a necessniy factor of eom- 
buation, a somoflimg winch lie calls spintiis mtromrem or partvmRn miroaerece sive 
vjneoaereai, and by which ho evidently meant what we now call oxygon He observed 
that by respiration, us by conilnistioii, uir was deprived of its particula nUroaereee , 
and ho was tho first to remark that when animals wore made to breathe in a limited 
space, as m a tiell-jar over mercury, the volume of the air was lessoned. Ho mam- 
tiiiin-d that Llie use' of respiuation was not to cool tho blood, or to promote tiio transit 
of tliat fluid tlirough the lungs, or to encourage a duo mixture of its component p.irts, 
but to supply it with ihe paHiculm mtioaencc', and ho was of opinion that these par- 
ticulie, embraced by tho lilond and carried by it to the muscles, entered into suoli a 
violent molecular conflict with the combustible or (as ho calls it) sulphureous material 
there stored up, as to prodiieo the plienomcna of muscular contraction. With these 
views Mayow mixed up iniuiy crude and immature ideas, from which, had he lived 
longer (lie died A 11 1670, let 3.3) ho might have freed hiinsolf. His groat lack was 
the failing to roiaignisn that in respiration (and comhusfioii) there was something 
prriduei cl iiswell us consiinicd. This, however, was not fiillyshowu until Black (1757) 
deiiiDiistriiti d Ihn oxistonee of carbonic acid in expired air. Tho next step was made 
by Pri estl ey, who showed (1771) timt air wliieli had lieeorao unfit for icspiraliou or 
coniliusLion, lij reason of animals lumiiglirciithed.orcdiidlcs hanng burnt, or substances 
liaving putrefied in it, regained its lost projierties on being submitted to the influence 
of living plants (Oh Atr, ‘2nd ed 1775), Ho marred the good of his discovery by 
iidopting a retrograde theory of the nature of respiration and coinbiistioii Ho mam- 
1'iiiied that tho o.irhoiiic .acid (fixed air) of expired air dal not come from tho lungs, 
but pre-existed in common atmospheric air, and was “ precipitated ” tliorefrom by the 
nmon of tlie air of inspir.ition with the phlogistim (nltim.acly derived from the food) 
wlueli was thrown ofiThy tho lungs Liiing iimni.ils(und hurmiig or putrefying bodies) 

phlogisticatod, he said, and living ' .air. Priesthy, how- 

evor, prepiii'ed tho overthrow of h of oxygon (1774-5). 

Through experiments made in 177 ^ Crawford (Amwaf 

Ifrat, 2nd ed. 1788) was led to coiiiioct ammiil heat witli respiration Ho says (p, 361) • 
“ Tim puio air is received 11 ’ ’ ' ' ‘ qiiimtily of elementary fire; 

the blood is retiimeil from • ■ tin inlUmmahle principle; 

the attr.utmn ot pure air to i ^ ^ lan that of tho blood Tiiia 

principle will tiieretorc leave tho blood to combine with the air, by tins combination 
the . 111 ' IS obliged todeposita piartofits elementary fire, and as tho capacity ot tho blood 
IN at the same moment increased, it will insf.mtly .ibsorb that portion of tiro whieli had 
been det.U'hed from tbo air Tlie arterial blood, in its passage through the capiUai'v 
ii'bsels, IN again imiiregnated with tho inflammable principle, in coiisequoiiee of whica 
Its eii]i,u'il,y for beat is diminished. It will therefore, in tho course of tlie ciroiilalion, 
gradnidly give out the he.it which it had received in the lungs, and diffnae it over 
the wliole system Tims, in respiration, the blood is eontmually discharging tlie m 
ll.ainmiibh' principle, .iiiJ iilisoTliiiig heat, and in tlie course of the circulation is eoii- 
liiitially inibibiiig this principle and emitting heat’’ 

Ml anwlnlo the trim theory of respiration had been more clearly and distinctly pre- 
poiiiided by Lavoisier, who, following up his investigations on oxidation and on the 
ennstilution of air, m 1777 {MxphicnccsaurlaRcsptrati/m des animmuc et aur Irs change 
mrnts qui n> rtveni a Pair en paaaant par lew jioumnn, Mimoire Ine b, 1’ Academic des 
Heimices le 3 Miii 1777, fEuvres, td imp 174), demonstrated that animals by (lie 
act, of bre.ifhiiig took away from the atmosphere oxygon (Pair fimnrmm/ leapi/aldi ), 
and loaded il with enrhonic .leid (Paeide rrai/eii.v arii/mme) He hesitated to dei'iile 
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whether- the oxygen T?as converted into carbonic acid while tinflsiiig in and out nf llio 
lungs, or -whether oxygen was absorbwl into, and carbonic acid p\lndcd from, llm 
blood during its passage through the lungs, but inclined to tlio former ninninn 
In 1780 he showed, in conjunction -with LaSlaco (Mfnuoire snr la Clialeiir, Ail i\., 
CEuvres, ed. imp. ii. 283), that by far the larger portion of tlio heat guem out by 
animals durmg a given penod could be accounted for by eonsuiernig it to ho due to 
the combustion of a quantity of carbon sufficient to produce the c.irhouie iieid i.\h,iled 
durmg the same time. In 1786 (A/t6i alMis gidipiinive fair nijiiu\ (hlinres, iM. 
imp 11 . 670), ho recognised that the whole of the oxygen wliieli dis.ippeared iluring 
respiration, did not return in the form of carhonic aenl, .iiid uliih .elimltiiig tin iie--- 
aibility of the missing portion hai'ing “ combined with the blood," Ihuughl il mon 
probable that it united with hydrogen in the lungs to form u. iter He h.id lij this 
time definitively adopted the tlieorv that the formation of eailmme iieid loci; pi ler in 
the lungs, and ill a memoir piihlished in 1790 (Pii win Mimmir Hd-ht 'L'Hiii\piriiliiui r/i , 
Ammaux, par S4qmn ot Hiioisior, CEnvres, id imp. ii 708), he gives (In follovuug 
account of hia views on the subject. There is eontimially tr.uisiidmg from Ihe lilond 
throiigli the pulmonary membranes into the uir-tubes, a Iniininir ivliii'b is prini'i|mlU 
composed of carbon and hydrogen. This hiimoiir, issnmg from the mimiit eNh.dmit 
vesaolbof the lungs 111 ti shite of very fine division, nnitis with I ho oxygen in eoid.iet uilli 
it, and is thus converted into water and carbonic .leid. The e.irlnm’ic .leid is di'iieii mil. 
by the action of the lungs while the accump.iiij ing w.itor (water of respiialmn), (ngi'lln r 
with the water which tr.iiisudes into the air-tiibcs along with tlic livli'oc.ii'hmiinis 
respiratory material (wiitcr of pulmonary transpir.itioii) is ciirncil elf in the lorm nl 
vapour by the heated air of the Jiings 

The difficulty felt in supposing that, uliile the whole body is ntiiily of tlin s.uin' 
temperature, coinhnstion lakes pi, ice iii one sjmt only, to wit tlie liingh, w.ie met hj 
L.ivoisier and La Place with tlio rofloetion tli.iL Ihe lapidily of the ciunl.ilmn, lie 
evapoiation by the lungs, and an augmoiit.itioii of tlie cMpaeify fur heal in ileenrlsnns' d 
blood (theory of Crawford), were sufficient In account for the pin iiomeii.i T,,i)rranpe 
however, dis.satisnod with tins expl.uiatioii, put foiuard through Has sen t r.il /, ilm 
theory (-which Lavoisier had discarded) th.it oxygen was iiheorbed into the blnnil, and, 
dunng the course of the etrciilivLion, combiiiod widi the eavhoii and liydrogmi nf tli.it 
fiuid, giving rise to carbomc acid and wiltin’, whieli wore in liirn exhnleil tiirmigli llie 
lungs. Lagrange supported Ills views by no facts or expimments, and they did iml 
ITuet with any genenil aceeptanee. 

In 1799 II Davy (Beildoe’s Mod Coiitrili. p 128) puhlished a thenry I hut in tlie 
act of respiration, phiisoxygen, as he called it, comhmed with veimns Muud, while ai 
the same time " carhimio aenl and water were lilieriiti il, eilln r by I Im inerense of tem- 
perature, or from the superior iifiiiiily of pimsoxygen for leinins blood." (In was ublo 
to obtain a small quantity of oarbonie neid from leiions, and a veij snmli (iii.intih of 
oxygon from arterial blood. In 1800, lioweier p 1 17), Im had ub iiiibmi d 

his phosoxygen theory, and emhnieid tho viuw.s of laivoisier, tlnmgh Im was b-d, by his 
experiments on tho rospiisition of hydrogen and iiitvoiis oxide, lo In Imie llmi snnii iil 
least of the carbonic acid of expired air did not arise diroel ly from a ciniibiisliini uf 
carbon in tbe lungs, but pre-existed in venous blood, and tiMiispired funn it lliioiigli 
the coats of the minute bloodvessels. 

Spallanzani {Memoua on Heajnration, by Seniiehier) in tlio rniiise of snmn 
experiments which were not pulilisliod until 1803, found that snails pi i.s-d in an 
atmosphere of pure hydrogen, still continued for some time to gue off ciubmim .mni, 
which m this case could not have arisen fioni any dircet comlmslion of earhmi .Snnoi- 
Inrly enough, he explained this f.iet by supposing tb.it eiirbmuc ,mid was gi m.r it, dim 
the food in the stomach, entered thoiico into the blood, .ind so in.idc its w.iy fliroimli 
tho skill and lungs ■' '' 

These observations of Davy and Spallaii/am were overlooked by iilusiolmdsl'. mild 
W P. Edwards (Injlmnce of Phyawul Agents on Life, by Hodgkin, p 221) | 'slimi. il m 
1823 that frogs, fish, and infant niamnulia, xvlien pl.iced in mi utniosiilmniof li\di..”eii 
exhaled a quantity of carbonic ncul, fur too great to ho iiceoiiiitcd for liy llm ."uiiKiiiiiii- 
tion of the small amount of oxygen still reni.iiiuug in the lungs ol the aiiimids ,il llm 
moment of their being removed from atmosphciic air 

About this time, and for some years atterwaids, there may ho said to b-i\e bi . n 
three mam theories of respiration adopted or discussed by plivsinlmosts Tliere w is 
the theory of Lavoisier, either in tho actual form in which he eiiiim’l.iteil , 1 , „r llmi 
inouiflcationof It winch was more generally received in Eiighiiid— via , that the ludio- 
Kirbonoiis material which suflfered combustion in the lungs was not seerel, d is mieh 
into the ilir-vesicles, but was oxidised while still in the venous hluod by nn am! nf llm 
passage of mr or oxygen through the coats of Hit hloodvessiK. This, winch miidil be 

called the “combustien " theory, ohiiiiiiod by f.ir the greatesl iininimt nf siuiumiI uid 
inclopd may still ho found in hooks of the present day Aiinllmr njiimnn was’ ilml 
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eithpr air as a -wholR, or the oxymn of it only, passed through tho coats of the hlood- 
vessels and combined -with tho blood, while at the same time the lungs, out of the 
hydiocarhonoua matenal with which venous blood was supposed to he loaded, developed 
or secreted carbonic acid. This “ secretion” theory, constructed chiefly to explain the 
results ot Edwards, eoriohorated as they were by those of Collard do Marligny, Berg- 
mami, Muller, &o , was embraced by a few only. It is somewhat strange tliat the 
tendencies of the present day seem nevertheless to be turning back to a modification 
of tins view Lastly, there was the old suggestion of Lagrange, that oxygen passing 
by .solution into the blood was consumed in the capiUanes, giving rise to carbonic acid, 
which escaped by the lungs. This “ diffusion” theory was mostly rejected by reason of 
the difficulty that was met with in attempting to demonstrate the existence of &ee oar- 
hnnic acid in venous or of free oxygen in arteiial blood. Thus while H Davy, Nasse, 
A^ngcl, Braude, Home, Scudamore, Collard de Martigny, Maitland, Vauq^uehn, 
Stevens, Hofmaii, Entsehut, and Bisehof obtained, either by heat or tho vacuum, or 
by a current of .some indifferent gas, evidence of the existence of free carbonic acid m 
venous blood, J Davy, Strohmeyer, Bergmaiiii, J. Muller, and Tiedemann with Gmehn 
andMitsoluTlicb, failed to do so ; and while H Davy obtained a small quantity of oxy- 
gen from arterial blood, biihscquent observers were unsuccessful Tho “combustion” 
theory therefore, in consequence of this discordance, retained its hold upon physiologists 
until the experiments of Magnus in 1837, who made an epoch in this subject by defi- 
nitely dotormining the gasc.s of blood. 

In Ins first resonrolies (Pogg. Ann. xl. p 683) Magnus repeated the experiments 
of his predeoossor.s, who attempted to drive off from blood its free carbonic acid by 
luflims of a stream of hydrogen. By continuing tho current for 21 hour.s, he obtained 
as much as 84 cc of c.vrboiuc acid from 62 9 co. of blood Subsequently, on observing 
that in luiing the air-pump blood could not he made to give up its gases until a very 

C exhaustion had been arrived at, ho constructed a mercurial air-pump, and by 
means was enabled to demonstrate the existence in both arterial and venous blood 
of very considerable quantities of oxygen, nitrogen, and carbonic acid . — 


Horse ; artery . 


Very old Horse • artery 
Calf artery . 


Quantity of Total q«an- 
blooil iiEcd. tlty or g.i8. 
125 cc. 9-8 cc. 
206 12 2 

196 14 2 

130 10 3 

122 10 2 

170 18-9 

123 14 6 


CO’. 
6’4 CO. 
8-8 
10-0 
107 
7-0 
12 4 
94 



25 


4-1 

22 

2-4 

8-6 


N 


2 6 CO. 
I'l 
17 
1 6 
I'O 
40 


Hence, while both kinds of blood alike contain oxygon and carbonic acid, arterial 
blood contains move oxygen and less carbonie acid than docs venous blood. Although 
till) quantities of these gases thus obtained could not ho supposed to represent all ttio 
gas re.illy present in a free state in the blood, Magnus satisftod himself that the 
iimmmt of carbonic acid determined by Ins experiments was sufficient to account for 
tlie wliolo quantity given off by the body m health Further experiments (Poggend. 
Ann Ixvi p. 177, 1846) tiiuglit him th.it blood shaken up m an atmosphere of oxygen 
will ah, sorb from 10 to 12 per cent (of volume) of that gas, a quantity sufficient to 
account for all tlie oxygen Consumed by tho economy Ho was thus led to adopt 
ill Its entirety the “iliffhsioii” theory, and tho denionstiation of tho evistenoo 
of free gases in tho blood having been the one thing lacking to this theory, he was in 
this followed by nearly all physiologists. Ho regarded the gases us simply dissolved 
III tli(‘ lilood, .ind explained tho entrance of oxygen and tho exit of carbonic acid by a 
refi'i eiiee to tliellenry-Daltnii law of pressures (see Gasii.s, AnsouPTiONor, nv LiQunis) 
Aeenrding to this view, which lias move fully elaborated by Viovordt {Phjaiologie 
iln .tt/iiaeii.s), tlie eurhonic acid iioither replaces nor is replaced by the oxygon, but 
both are taken up and given off iiidepeiidently of each other (The ideaof V aleiitui 
and 1! r u n n e r, that the phcnoineua of lespirnlion form an oxamplo of Graham’s l.iw of 
traimjaialioii of gases, was shown by Kegnault and Reisotto bo erroneous , tlieso 
oliservois haling proi eel that in tho .miraal economy tho ratio between the amoiuit of 
oxygen .ihsorhed and that of tho carbonic acid exhaled is not conatimt). The venous 
blood l.ulen with carbonie acid, on being oxjiosod, during the passage through the brags, 
to .m .'itniospliore containing bnt little of that gas, must, in obedience to the law of 
prcsBiu’es, give off a portion of its carbonic acid, and will continue to do so until 
an rajuilibrinm is established between the tension of tho carbonic acid in the air of 
tho hinga, and tho tension of enrhome acid in tho blood. Similarly venous blood, poor 
in oxygen, on being exposed to the air of the lungs, will absorb oxygen until an 
cqnihhrmm i.s established hetweeii the tension of oxygen in the air of the lungs, .and the 
tension of oxygen in the blood And invorso processes will take place in the sysloniio 
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cajoiUaries between the arterial blood and the tibsuoa. In each case the exact ]iumt at 
winch oqnibbrinm is estabbshed will depend on the S0M^alled “ abaorption-cuffilcu iit ” 
of blood for oxygen and carbonie acid respectively 
Before long, however, it began to be soouth.it this view was open to many oh.icchoii'i. 
Liebig, in lua Clieimeal Letters (by Gregory, 3rd cd p 332), strongly advocatid the 
opinion thattho condition of tlie greater part of the oxjgeu m the blood n.is one not 
of bimple physical absorption, but of chemical eombiuatiou— a comlnnatmn, Iiowcmt, 
BO loose that it was capable of being disturbed by the action of indift’eri'iit gasi s nr of 
thevacunm In support of his view, he drew attcutiou to un analogous conibui.iliuii 
between carbonie acid and aqueous solntiona of phosphate of siHlmin, I'lfni ilic i vjjim'i- 
aents of Eeguanlt iiiid Heiset, which sliowcd that iii nn iilmosplioro of pure oxjgoii, 
anmi.'ila oonsiimed (ho 8.iino nmomit of tli.it gas as wliuii breathing ordiri.iri iiir, and 
instanced the fact that in high regions, whoio the .ihsoluto qiiaiitity oi oxjgeii liken 
into the chest at a breath is only about tim-thirds of that taken in at the sia-Ieiel, 
the vit.-il processes do not suffer any marked chiuiges, such as would cerlainlj Ibllow 
variations in the quantity of oxygen aliHorls'd. He, moreover, poinled out the in i I's- 
Sity for aceuintely dctoriniiiing the ahsoiptiou-coofflcieiils of Mood for its g.ises 'I’los 
was oftorwards nttemiited hy Lothiir JVIoyor, I'Vrnot, and olhers, hIiosh imis- 
tigotioiis, while they may bo considered to have explained tlie eiitr.ince ot o\ygi ii mlo 
the blood, have left the question of tho exit of ciirbomc acid still somoMli.it uiihnll led. 


Absorption of Oxygen. 

L.Moyor(fur whose figures see vol. i. p. 000, vol ii. p 803) found that iilicn bln 
was exposed to oxygen at various pircsbinw, the qimiility of that g.is laki u up imp 
be regarded as consisting of two portions, one followiiiL' llio Uw of pie^sines, I 
other wholly indupondont of jirossiirc 'J'hc former howeier, iii vcbpeel to « Im li Ido 
difforod very little fioin w.itev, was louiid to bo so siiiall comp, ired with lie l.iK 
that tbs inoi'omcuts of absorption due to iiicrcineiits of prcSMiie weie uliini't en\, i 
by errors of obBoVMition Ho lUTordingly drew the coiieheiion that oMgiii w 
ohemioally oonihined with the blood during Uui iiassiige through the lung'., (hough 
so loose a fashion that it cnnld ha driven off again hy the .lution of mdiilei. at e i'.. 
or of the vacuum (ussistod hy heat Fernet (Ann. So Nat, [iv | iiii p I2.i)mmi\i 
at the same conclusion, and moreover poiiiteil out tliat tins speuial aflimti for oiig, 
was possessed not hy the serirm or plasma, hut by tho n d corpusi'h s. 'I hu.. i he pro|i 
alisorption-eopfSciont of blood for oxygen wiis found lo bo •02.S8 .it ](l“. of si'i’iim (IJi 
at 10 8° (the iilisorption-eoeffieieiitof wal.ur iitl(i°for oxygen being (I3!nil), a Inle | vi 
blood chemically oomluncd with 0058 vol , and 1 vol serum wilh IIOI17\fd o\>oi 
at the same temper, itnro. Neither Meyer nor Fernet, however, in re able (oolit.iiii Im 
artenal blood, by means ot tho vacuum, us mueh oxygen us was uhsorhed by ii uni 
blood when agitated iii an ntmosphoio of that gas But this dilheiih y w us n mo\ nil 
Setsohenow (Wien. Akiid. Bor xxxvi p. 203), who, using .i mueh birgi i i.ieinii 
xvas enabled to drive off from blood much larger quantities of oxygen (see table bi |icv 
The affinity for oxygen possessed by blood was also shown by the exiu I'lmuits : 
W. Muller (Ann On Phnrm. eviii. p. 257), who found that amni.ils (rubluts), in n 
to breathe a limited amount of oxygen, consumed tho whole of it, prmidid tliul 1 1 
quantity placed at tlioir disposal did not exceed 150—200 cc. Tin .s»me nb^ni 
ascertained that the residual air in hmgsof asiiliyxmted aimiiids eontalm .1 a liiiee mil 
of oxygen, a fact which was corroborated by Hetsclienow, and is diis i lli niipos, d 1 
the theory th.it the absorption of oxygon takes iiluco iii'eordnig to pressiiie 

Tbs behaviourof blood towards carbonic oxide h.is been found loiliustr.ite iheelnm 
cal u.itni'e oftho process of absorption (Bcriuivd, l,e(;ons, Suhst. Toxiq 1S57, i. 1,',7 
L. Mayer, Hoppo, Virch. Arch xi. 288) Blood, when .igilulid v.nh of In .ilrd wn 
.1 8tre.im of carbonic oxide, becomes of a peoiilmr bright reil colour, uiid is found, m 
only to have givou off its oxj'geii, hut to liiivo become lueiipahle of absorbiii)' th it' f.. 
It has lost the property of becoming arterialise,d 'I'hero is nsison (o bi’li.ie I'h, 
carbonic oxide has a stronger affinity tlian oxygen tor the Inemoglohiu or rid eulomm, 
matter of the blood, ond forms with it a moio stiihle eomponnd (see beb.w 
ILiwrooki (Henlo ii. Meissner, 1803, p. 298) finds that, tlio amount of oxigeii dun 
off by a stream of carbonic oxide tallies extremely well with th.it olil, lined bv m. .in 
of the merciiri.il vacuum, and it has been adopted hysorae .siilisequent obhui.i 
Ester ot Saintpierre) as a method of estimating the timuimt of oxjg. 

A stdl further advaneo hos been made by tho optical studies of iropne-Kei 1, 
(Vmoli, Arch xxxiii. 416, xxix 233 uiid 597, Med. Ccntnilbl. 1804, p. 817; Ibui.ll 
Cliem. Anal, p 201) and Stokes (Piw Boy ,Soc xiii. 3,5,5) The led enrtneebs . 
yertebnite animals consist for the iimst part of .i siil.M.iiioo whieh has h'l n mil, 
hmimtoorptallm mjupmatm/hhuh^ shmler hrmngh.hm (Hoppe) or , 

in .1 eiqi-i.ilhnc form tVhen lob i.ibf 


(Stok es), and which m.iy often b 



RESPIRATION. 


87 . 


concentrated solutions of this body, which ora found to contain free oxygen and are 
of a bloipd-red colour, are examined with the spectroscope (or simply with a prism 
and slit in Stokes' way) there is found to be little absorption of light in that part 
of the spectrum which reaches from the extreme red to Jths of the distance betneeii 
C and D, while m the remaining ;|^th the absorption is much stronger. 'When 
the oxygen has been driven out of the solution by a current of hydrogen or car- 
bonic acid, there is witnessed a very great increase of absorption of light at the 
red end, except in the space between a and B, and even m this part theie is a slight 
increase of absorption Upon these optical properties probably depends the difference 
lu colour between arterial and venous blood Venous blood viewed by the spectroscope 
without exposure to air, shows a veiy distinct absorption of light from B to beyond 0, 
an effect which disappears when the blood is oxygenated by agitation with air. 
(Hoppe.) 

Dilute solutions of blood-eolouriiig-matter show two very dark and sharply-defined 
ubaorptiou-haiids (visible in a 1 cc. tluck layer of a solution of 1 grm. of coloiiniig- 
mattor in 10,000 cc of water) between D and E, one being close to D, the other and 
thicker one being close to E , if D is at 80 of the scale and E at lOfl, the first band 
reaches from 81 to 87, the second from 90 to 100 (Hoppe, Stokes) When such ii 
solution IS treated with any reducing agent, such as a solution of ferrous sulphate or 
sLiiniioua chloride with tartaric ncid and ammonia, it assumes a purplish colour, loses 
tho two distinct bands, but gains n now one reaclnng from 82 to 97, with fainter bands 
extending on either side from 77 to 82 and from 97 to 99. If the solution he now 
agitated with air, it becomes blood-red again, and exchanges tho new band for tlio two 
original ones (S t o It c s, H o pp o), Tho same effects may be produced by using sulphide of 
ammonium as a reducing ngent, or by passing a stream of carbonic acid, hydrogen, 
nitrogen, &o. through tlie souition, or by keeping tho solution for some little time at a 
blood-heat, or for a longer time at the ordinary tomperatiiro. In all these eases, tho 
two originiil bands arc found to bo replaced by an iiiteriiiodiato bund, and may be 
brought back again by .igitaliiig the solution with mror oxygen, the phenomena being 
acooinpanu'd by a ehaiigo of colour from scnrle.t to purple and nice vend Hence tho 
coucUisinn has been como to that there is a substaueo holding oxygon in loose eonihi- 

n. ition, giving two ahsorptioii-bniids, and iiossessiiig a scarlet hue- the icarlet ci umin 
of .Stokes, tho uxi/htumofflobm of Hoppe; tins body may give off its loose oxygen, 
either to some reducing agent or to some of its fellow blood-constituents (or to the 
tissiK’S), and tlmn has a purple hue and shows only one inuikcd b.iiid — thapuiple 
(THOi'Di of Stokes, the htPiiKiffhibin of IIojipo; on exposure to nir or oxygon, tlie 
purple oruoriue or hicmoglob'in iibsovha oxygen, and becomes once more the scarlet 
cruorm or oxylucmoglobm. And it is presumed that this is the way in which the red 
corpiiseios of blood peiform tlioir slure in the- work of respiration The htemoglohin 
or purple (’riiorin ot tlie blood of tho iinlmonnry lU'tery, ub.'orhiiig oxygen, becomes 

o. \vliionioglobiii or scarh‘t cruorm, and in the course of tho circulation gives up its 
oxygen, becoming mere Incmoglobin or purple cruorm Since venous blood always 
eolitains some oxygen, one iiinst expect to find the spectrum of oxylitcmoglobin even 
111 venous blood examined wlliout any exposure to air, and such is the ease (Stokes, 
Hoppe). Tlie blood of ,m animal dying of asphyxifl, however, contains no oxygen, and 
siuiWB Ti'iy distiuctiy tho hand of hiemoglohm or purple cruorm alone, (Hoppe.) 

Wlioii .1 solution of oxyhiemoglobm is treated with earhoiiio oxide, oxygen is sot 
free , tho oarhoiiic oxide, however, does.iiot act as a reducing agent, the blood does not 
lin'omo piiiplo friiin the formation of hmmoglohin. but of a peeuluir bright red colour 
i'rom Iho eombiii.itiou of ciirbonic oxide xvith limmoglolnn, to form enrlioxydlimms- 
globin, whose spectrum is similnr to that of oxyhieinoglobiii, there being only a sliglit 
dill', relief, ra the position of the b.mds— one reaching from 82 to 90, tho other from 95 
to 10(i (duppe) Tho combiii.it.ion bolwoen eurliouic oxide and hicnioglobm is not 
(or ut least only slowly and partially) ducoiiiposod by oxposure to air or oxygen Tho 
c.irlioiiie uxido may, however, ho replaced by nitric oxide, the blood being scarcely 
eliaiiged in culoiiv, reiiiiiming still a bright red, and tho spectnim resomblnig that of 
oxyhiciiiiigluliiii, but with bands less stioiigly marked. Nitric oxide may also be 
directly coiiibiin d ivifh haemoglobin, and also with oxy haimoglohiii , in tho l.itter case 
sumo iiil-ric oxide is oxidised at the expense of the loose oxygen A given quantity of 
liienitjglubiii'iiiiit.'s with equal voluuus of oxygon, ciixbonie oxide, and nitric oxido 
(H or man 11 , L Arch Aii.it. Phys. 1866, p 469) It is ealcidated that 1 grm, haUno- 
globiii uiiitos with 1 3 cc of gas. 

Tile eiitraiice of oxygen into the economy being therefore m the mam not a physical 
pro. ess of .ibsoi'ption, hut a chemical one of oxidation (and reduction) the .imoiuit of 
the oxygen in the inspired nir, provided only there is enough for ordinary purposes. 
Mil li.iie lillleor no effect on tho amount of oxygen token into the blood, "We 
.uMirdingly Ibid that aiimi.ils consinne tho same amount of oxygon and produco the 
BiiiiHi .imount of c.irbonic acid when brcalhiiig pure oxygen as when breathing 
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oi'dinaiy au:(B,agnaultttnd Beisot), Nevcrthcloss, many obsnrvora have from timo 
to tame described as effects of breathing pure oxygen, symptoms whieli have been 
interpreted as indicative of mexeased oxidation, which can hardly he conaidcred ii» duo 
to an augmentation of that fraction of oxygen which is really physically absorbed, and 
which have not been otherwise clearly explained. 

Exhalation of Garbonio Acad. 

L Meyer (op. cit), hy exposing Wood to carhonic acid at various pressures, 
found that the quantity of that gas ahsorhed might he divided into two portions, 
one obedient to and the other independent of the law of pressures The absorp- 
tion of carbonic acid differed notably from that of oxygen, inasmuch ns the portion 
following tho law of pressures was much larger than that which was independent. 
Thus at 11° — 12° the former per lol. blood was, meiisnred atO° and ’76 mot., 1 1/51, tho 
latter '680 Since blood contains carlxmato and phosphate of sodium, and sinco 
aqueous solutions of those salts possess the power of holding, in loose comlnnntion, a 
quantity of earhome acid over and ahove that duo to mmpio physical absorption, it 
had been suggested that tho absorption of carbonic acid by blood might bear somo 
relation to these saline constituents l''ornet .iccordingly (op. cit) shulied ilm 
behimonr towards earhome acid of aqnoous solutions of thoso salts, talcing tlie average 
composition of blood ns a standard. He found that on tho one hand they .ibsurbed a 
quantity of carbonic acid accoixling to tho law of pressures (end in tins respect 
possessed absorption-coeffloients differing very slightly from that of water) , wliile on 
the other hand the solution of carbonate of sodium absorbed, independently of prossuro, 
a quantity of carbonie acid sufficient to convert tlio simple carbonate into bic.irbonnto, 
aud the solution of phosphate of sodmm smnl.irly aliaoiiied a quantity at tho valo of 
two equivalents of carbonic acid to each equivalent of the s.ilt. (Aeeoidiiig to recent 
reseurohes of Heidenhain and Moyer, Stmt. Brcsl ii. lOU, I'Vrnet’s results 
require some eoircctioue) He moreover found tli.ifc blood holiaiedm respect to tho 
absorption of carbonic ucid almost exactly as if it wero a mere iiqucous solution of the 
saline constituents in their proper pvojiortions , neither the oorpusclos nor tho orgamo 
substances of the sorum had any marked share in the matter. 

By submitting blood to the action of n vacuum and moderate heat, Mayor obtained 
only small quantities of carbonic acid; by far the greater part of the total anunuit con- 
tained in the blood could not bo driven off unless acids wero cmiiloyed. iS o t s e li e n o w, 
however (o^; mi), hytho help of his larger vaeuuni, gamed much larger ipiantitii'H 
without using any acids His results, together with those of snnio HnliMspieiit obsen era, 
are given in tho following table, whore “loose” earbomc amd means that winch is 
given off to a vaounm, and comprises both that which is jilnbieally nbsnri" d, ami that 
which is retained hy the carbonate .ind phosphate of bixlnnn, wlnlu " fixed " means 
that which is driven off by tho use of acids — 


Carotid. Dog 

Venous „ 
Asphyxia „ 


Artery 



Bases (measured at 0° 1’) in 100 vols. Blood. 


16 06 
1641 
410 
1-161 


16 289 
8 217 



17 70 
9 20 
15 24 
12-61 
11-76 
8 85 
16-95 
10 46 


N 

1192 

120 

78 

4-728 

1-399 

1184 

1-966 

•931 

•951 


3-06 


Loose CO=. l-'ixcct cot 


30-66 

28-27 


33- 168 
28 012 
38-152 
38 867 
27 210 
32159 

30- 88 

29 82 
29-46 

34- 28 

31- 66 
33 06 

26- 44 

27- 83 
28 02 
32 53 
26-80 

30 26 


2-54 
2 32 


4 366 
3-280 
4 011 
1791 

1 173 
2102 
1-00 
6-49 

2 92 

3 81 

3-05 

*^l“o7 
126 
,8-06 
0 67 
157 


Totiil CO 
33 20 't 

30 69 j 
35-21 
37 531 

31 298 
42163 
40 018/ 
28 389 : 


32-37 ( 
38 075 

sb-ibl 

29.6b| 
29-28) 
36 69 5 
27 47) 
3183 5 


Retsehenow- 


Soiolskow. 


Schoffer. 
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Tbo recent obaervaLiune of Pliiger {Ueh d KoUens'aiire d Slutes) seem to in- 
validate these results This observer, by using a vacuum free from aqueous vapour, 
was enabled, to drive off the whole of the carbonic ucid, so that no more could be 
obtained by the addition of acids , even neutral carbonate of sodium previously added 
tc the blood was decomposed It is probable that this result was brought about, in 
part at least, by acids arising from the decomposition of the haemogloW, and, 
though a portion of the carbonic acid was obtained much more readily than the rest, 
the experiments suggest the question whether generation of acids does not take place 
in aU cases whore the vacuum is used— -whether, in fact, the above distmetion between 
loose and fixed carbonic acid is not in gi’eat measure a factitious one 

That the escape of carbonic acid is, taken as a whole, a matter of pressures is 
shown by tho results of all observers ; but there are considerable difficulties connected 
with the subject, which have not as yet been thoroughly cleared up Were the venous 
blood, during its passage through the lungs, exposed to air eoutoining little or no 
carbonic acid, the law of pressures would readily suggest a cause for the immediate 
escape of the due amount of that gas. Such, however, is not the case. We are led to 
believe (Boehor)tliat the air in the pulmonary air-cells contains hubituallyabont, 8 per 
cent of carbonic acid. Hence, any juat oxplnnation of the process of exhalation must 
take into account the existence to that extent of a tension of carbonic acid m the 
I'lng-air. winch luis to be overcome before any escape con take place from the blood 
Xhus the hypothesis that in the lungs the acid carbonate of sodium is reduced, by 
mere exposure to lung-air, to the neutral carbonate, with escape of carbonic acid, is 
untenable, because the aoid carbonate refuses to give up its extra atom of carbonic acid 
to air containing above I per cent, of that gas (Meyor). Simil.irly the carbonic acid 
retained by a solution of phosphate of sodium is not given off to an atmosphere of 
like carbonic acid tension (Schdffer, Wien. Akad. Ber. xli. p 689). Holmgren 
(loo cif.i xlviii ) has attempted to determine the actual degree of tension of cur- 
bomo acid which a vacuum (eonlaiiiing aquoous vapour) must acquire before blood 
censes to give off to it its carbonic noid. This he found to bo, nt 40° 0., 22 3 mm 
of mercury for arterial blood, 80-6 mm. for venous blood, end 38T mm for tho 
blood of asphyxia In two cases, where tho normal expired air contained respectively 
2 91 per cent and 4 31 per cent of earbomc acid, and therefore g<ivo tensions of 
22 18 mm, and 31 98 mm., tho blood censed to give off carbonic acid at the tensions 
of 22 13 .and 28 20 mm Since the e.irhonio acid tension of tho interior lung-air is 
mucli liiglier tliaii that of tho expired nir, it is obvious that in these oases tlio 
blood eonlil not liuvo got rid of its carbonic acid while passing through tho lungs, 
tlirmigh the siniplc working of the law of pressures, unless there were somithiiig 
.It li.uul 111 the lungs temporarily augmenting tho carbonic acid tension of the 
blond, or otherwise assisting the escape of that gas. This is still more strikingly 
sliowii III two cases of uspliyxia, where the tension of the blood was 3170 and 
4'l'll, of tho lung-air 98 and 910 mm. respectively. Holmgren further observed 
that blood gave up its carbouio acid more readily to a rarefied atmosphere of 
oxygen than to a vacuum containing nothing but aqueous vapour Thus 163 ec 
of blood gave up to a vacuum of 150 cc at 22°, 0‘418 ec. and 0 683 cc. of carbonic 
acid (measured at 0° 1’), while to the same space eontaming 8 99 ec and 20 10 co. 
oxygen, there wore given up 1-375 cc. and 1 997 ee of carbonic acid by the same 
quantities of tho same blood These results suggest tho idea that the act of tho ab- 
sorption of oxygon in some way or other momentarily augments the tension of carbonic 
.icid m the blood. But in what way is it able to produce such an effect? It lus been 
sliown tliiit a certain portion of the carbonic .leid of the blood is given off nioro readily 
tliau the rest, and it has been also shown that this fixed or stable remainder is greater 
m viuinus lluin in arterial blood (vide table, mil/'). In other words, during tho passage 
through the lungs, a certain portion of tho fixed or stable carbonic acid becomes nn- 
sf.ible or loose, and it has been innintaiiied by Sell offer (o^ ciit ) that the ainoimt thus 
eonverted is sufficient, to account for Uie quantity escaping into tho air. How Prey er 
(Wien. Akad. Ber. xlix.) has shown that the same conversion of stable into un- 
stable c.'U’bonie acid takes place when venous blood is artifleiully artcrialised by agita- 
tion witli air or oxygon, whereas the amount of sUble carbonic acid existing in serum 
IS wholly imnffocted by any such tre.itment. Hence it has been supposed that oxygen 
in the act of combining with licemoglobin effects in some way or other (by tho de- 
velopment of an acid ?) some kind of decomposition, whereby a certain amount of 
fixed or Stable carbonic acid is converted into loose earbomc acid, the tension of 
eiu borne acid in the blood proportionately augmented, and the escape of that gas into 
the inr thus brought about, or, disregarding the distinction between loose and 
fixed, w6 may say tlmt the absorption of oxygon is attended with a liberation of 
eiu’bonic acid witliin tho blood, leading to an increase in the tension of tho gas, and 
Its consequent escape. 
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. Absorption and Exhalation of Eitrogen. 

The quantity of nitrogen in blood is very smiill, and tlio observations with regard 
to its bomg absorbed or exhaled by the lungs have been reiniirkiiblj discordant. 
Fernet (op. cit.) found the absorption-coeftcient of somm for nitrogen to bo nearly 
exactly that of an aqueous solution ot its salino constituents in tluir iiroiier iiroiior- 
tions, that is to soy, a little less than that of wator (at 15“ 3' ■-l•rlllll, •{)! H, at 15“ 
■water 01178) Sotsehanow (op. cii! ), on the othor luiiid, obtained fur blood as .i 
whole a higher abaorption-coefflcient tli.in that of water, and therefore eunelinlrd fli.it, 
the blood-eorpuscles are nblo clioriiically to combine with a small quantity of niti.)gi,ii. 

Qualities of Ecspiratorg Oxi/gm. 

Sehonbein and His rem.irlced that the red eoipuscles of thn blood acted liko 
flnely-dwided phitmum, &e , upon a mixture ot tincture of gii.ii.ieiim uil li per.ixiile of 
hydrogen, ozonised tiirpoiiLino, ether, &e , in prudiiciiig a de.qi blue eoloin V.iiioiis 
anim.il flubstiincos possess thi.s propeily in u greater or loss degiee, bill inme .qijiro.ieb 
the red eovpuselos, or rather Ihe colouung.inattav of the red eorpnselcH, in iiileiisity of 
offoet The prosoneo of red eorpuseles also vastly .iiigiiients the ra|)ulily u'llh who li .i 
Eolation of mdigo is decolorised midhydriodie aeiddeuoiiipohedb} peiOMiie of hjdiogiai, 
ozonisiid turpentine, &c These obsoiwors 'were iiiiable to pviidiien unv oxid.iinn 
action, on guiuacum 'With hlood, unless one of the so-ealled ozoiie-Iie.irers ui re pi, si iil 
A. Schmidt (ITcfirr Uoon %m Jihite, 1802), however, has .sliown lliiit, imder ei rliuii jirc- 
cautions, blood by itself anil turn giiai.ieum blue. If ii strip of paper be dipiKil in 
tmotuvoof guaiacum (1 pt gum to 0 of 80 per cent, alcohol) ,md dried, a diup et dilute 
blood or of dilute solution of limnioglobm placed on it will giiean iiileiise bliiii ring, 
No other substance in the animal body is able to produce Ihisellei t. Asiiml.U' pion ss 
of oxidation may with ciiin be Witnessed avboii liydviedie neid oi an iinligo '■olnlinii 
IS treated oVifh blood, lllood, or a solution ot li.eiiioglolnn, anil also dieoiiiiioio 

peroxide of Iiydiogen avith an oiioigotie oiolulinn ofoxygiiii and anil iii«o 

Bulphydwo acid ovitb pi eeipit.il lou of siiljihiir. Aceordmg to llin ozone Iheon, limn . 
fore, oxygen in combination anth timmoglobiu is (hut foiiu or Icmdulmli is i.illul 
ozone The oxygon, houever, ailiich is driven off from blond by Ihe pitssagi. of a 
Btra.im of other g.asos, gives none of the leaetioiis of ozone, and blood enlufly 
deprived of its oxygen by enrboino oxide still gives the reai'tion avitli gii.ii.iciiin , tlm, 
reaction, hoavover, ci asos lo bn niiuiife.sted avhcii thn experiiiioiit is roiidiieti d avilli lot il 
exclusion of atinosphorie air. ir.eniogiohiii therefore, in addition to iispower of aliMtirbin.. 
oxygon and of Iraiisfcrriiig it in an iietive .state to otlier hodies, is .ibln, him rmeU" 
dmdad platinum, to intensity the action of oxygen, or, aceorihng (o tluio/,nu (liene\. In 
ozonise oxygen, without utfaeliing the oxygen to itself. (Kiiluic and .Sehol i, \ iieli 
Arch, xxiui. p fl0.) 


FI ace of Oxidation 

It has not as yet been decided avhetlier the oxidations for ubich the oxygen of tlin 
blood is destined, take place in thn hlood only, or in tlic tissues only, iir in Imih, 
On the ono_ hand, wo know tli.it niiiseiilar aiid, pinbably, all other tissiii s coiiliniin to 
respire, ns it is said (that is, to iihsorh oxygon and produce carlionic .leidl, even ulieii 
totally deprived of blood, and uctions I'rolubly requiiiiig oxygen, inuseul ir eonl i,ie- 
tions, for ox.implo, take pliico avhon the hlood eoiitains no oxygen ,it .ill, us in asplia xi.i 

(Detsohenoav) On the other hand, the oxperimenls of H.u I ey (I'loe Iho .Une 
viu p 78, xiii p. 1. >7) show lhat blond itself ronioaed hom tlm'bodi aiill eonlMiim 
to absorb oxygen and oxlialn e.irbonic ,ieid, and Unit this “ respnati,,,, " m ,,iv, ,.t, ,1 1,\ 
various physical and cheinioal agents Sachs, loo (Airli Aii.it Pliys l,S(,s p 
finds that, alter removal from the body, hlood seeliuled trniii air gams m e.irhoine „ ,ii 
(both louse and fixed) and loses oxygen, but bis oxpeunieiits ,ire oia n pi nl,i, , t i,,uk 
N aavrocki also arrives at the same result (np cit.) llsfne and , Sami pie, rn 
(Robins Jour ii 302) find that the oxygen of arterial blond (det, |•|mnell |,\ i|i„ 
carbonic oxide method) dimimsbes tbo fiirtbnr the aiterv is hiliialo from tlie liner 
Tims for 100 vpls they found m the carotid artery 21 00, m the n im! IH on ii,’„ 
splenic 11 38, in the crural 7-62 vols. of oxygen. They argue llial oxi,|.,ii,)iis''or i , .pi- 
ration take p ace exclusively in the blood imd are most active in the id s, si,.,n 

S“ifs“ms mrjllted 


Qualities of Expired Air. 

ttir given out by an e.xpiration is fniiml to be less 
thiin that taken m by a corresponding inspiration, xvlieii both are dri, d ami m,. is,,, , ,1 
at the 8.ime temporaliire. Tins diffureiieo, duo to the faet lli.it the whole ’„f Hm 
oxygon absorbed does not reappc.ii. the carl, nine ,i,ud exh.iled is i irmble l,„l 
be said to amount on the average fo or X of Ihe lotal volume ' ' ^ 
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2 Tempera til re — The tamperatnre of expired air naturally approaclieb that of 
the lungs, tho exact degree depending on the relation of the temperature of the 
atnioaphore to that of the blood, on the mode and rata of breathing, the extent and 
duration of tho breath, &o According to Valentin and Brunner, it is 29 8° for a 
burroundnig temporatura of 6 3°, 37’26°for 19 6°, 38 1° for41 9°. Bor 22°, QrAhan t 
(Kobin’s Journal, i. p. 623) puts it at 35-3° when inspiration is made through tho nose, 
33 9° when through tho mouth 

3. Moisture — Tho air as it returns from .the lungs is laden with watery vapoirr, 
Buturated, for its own temperature, according to Valentin, not much more than half 
Biiturated according to others (Molobchott) Grihant states that it is saturated for 
35° li Smith (Pliil. Trans 1862) found it during fasting to ho little more than half 
entimited Tho total quantity of water contained in the air expired by tho human 
body during 24 hours bus been obtimated at 386 — 773 grms (Valentin), 667 
grins. Grihant, The total quantity of water pabsing away within the 24 hours 
from the human body, as aqueous vapour of expired air, varies greatly, being affected 
by tUu temperature of tho atmosphere end of tho body, by atmospheric humidity 
and pressm’e, condition of tho organism, &c 

4, Oxygen and earbonie acid —The doereaso of the oxygen and tho increase of 
tho carhuiuc ucid is shown by tho following average composition of 100 volumes of — 

Oxygon. NUroaen. Carbonic odd. 

Atmospheric air 20 81 79 16 -O-l 

Expired air 16'033 79'657 4-380 

In rough numbers, air may bo said to lose fixim 4 to 6 per cent, of its oxygon and to 
gam from 3 to 4 por cent, of carbonic ooid by being breathed. For farther details see 
below 

6 Nitrogen. — W. Ed-wards found an exhalation of nitrogen in warm weather, 
an ahsorptiun in cold. Eegnault and Eeiset (Ann. Oh Fliys. 1849, [3], xxvi 
32) oonchulod from their oxpeiiments that warm-blooded animals, livmg on an ordi- 
nary diet, constantly oxhuled a small quantity of nitrogen, which was never greater 
and nfton nnicli less than of tho total weight of oxygen consumed. In frogs, the 
ainmint either exhaled or absorbed w.ia too small to be approoiatod In ilshcsllum- 
lioldl and frovcncitl remarked a conalaiit .ibsoi-pl lou of nitrogen An cxlmlatioii 
of iiiirogeii is consl.intly observed in animals broiitUing an atmosphere free 
lioiii tluil. gas, and W Muller (op cii.) obsoived an exhalation of nitrogou 
will'll rabbits were iiiailc to breiillio a limited amount of air. More recently Boise t 
(.inn till I'liya. [S'] Ixix p 129) fonml that sheep exhaled from 6 — 8 grms, 
calves from 0 — 7 grms , pngs about 1 gi-m , and turkeys 2 grms in tho 24 lionis In 
these i xpemnents, as in the earlier ones of Hegnatilt and Boisot, tho respiration of 
the whole animal and not of the lungs only was studied, and it is possible that somo 
of the umiiiuls parted, during thou- slay in the respiratory chnmhcr, with somo of the 
nitrogen contained in their inteslinos before the beginning of tho experiment The 
calculations of lloussiiigault and Bnrral led them to think that a very largo 
amount of mirogen passed from tho body through the bkina and lungs, but such a 
eonehision ismost probably erroneous (soiiNutiutioh) Pottenkofor indeed argues 
that Keisrt’s results are wholly mistakes, and that the amount of nitrogen exhaled 
or iibsorbed by the lungs is too small to bo iipproeiatcd 

G Ammonia — The iiri'senco of aiiiimmia in tho breath has been affirmed by 
many observers Thiry (Zeit-clir B.it. hjed. xvii p 100) has shown that it cun bo 
deleeted in expired air taken dirootly from the trachea (so as to exclude the fluids of tho 
11 outli as a pio-Kibla souveo) whi’ii tho inspiied air had been carefully freed from it. 
llegn.'UiLt and Eeisot failed to assure themselves of its presonco in expired air. 
Grouven (butteuings-Vorsueho, p 232) has obtained the following quantities (in 
gnus ), the mean being about 1 grm in the 24 hours for 100 kilos, of body-weight, 
when animals were piliicod in a “respiration chnmhor-” 

SI.III. Boy. Fat Ox Starved Ox. Abb. Dog Pig 

Per diem ’0488 0343 -7218 0958 -2614* -0398 -2020 

^"''per^diera^'l 067 -0910 -1146 -0108 1344 -1326 -1842 

Young iniiniiils give out piroportionally more ammonia than old, smoll more than 
large, fat moie tlmii le.iii 

Lesson (Zoitechrf Biol i. 207) places tho quantity for man in 24 hours at -0140 

7. Hydrogen and Marsh-gas — These gases were observed by Eognault and 
Ifei-et, by Euisot, and by Pettonkofer, in the air of tho respiration chamher. They 
pn-eb,ibly came from the intestinos (Seo p. 92.) 
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8. Other substances. — ^Besides the above-described chief ingredients of oxpirfd 
niT, it IS probable that there are also numite quantities of perhaps many other bodies, 
and there are many reasons for thinking that those minute quantities .iro not ivithunt 
importance (See p. 96, on the effects of impnrc air). Their exact nature is at present 
unknown Wiederhold (Henleu. Meissner Beneht. 1868, p. 316) states tliat he hud 
detected in the condensed rapour of expired air, chloride of sodium, uric acid, and 
urates of soda andammonia' The fluid obtained by condensing the vapours of expira- 
tion rapidly putrefies 

Cutaneous Reipiration — In man and the higher animals a slight intorcliango 
between the gases of the blood and the atmosphere takes place through the skm. 
There is an exhalation of eiirbonio acid, and probably an alisorplion of oxygen. The 
following table is by So bar ling (from Goriip-Besanez) — 


Boitj -welglit Jly leng 1111(1 skill 
In kilns 111 t linur 

Boy 9^ years . 22 0 20 338 

Youth 16 „ . 57 75 34 280 

Man 28 „ . 82- 30 623 

Girl 10 „ . 23 19 162 

■Woman 19 „ ... . . 


O'lHl 
0-181 
0 ,373 


0 I2t 

0 272 


When Eegnault and Reisot examined the products of ciilancoiis rfspii'.ition by 
placing an animal in a bag with the head free, and passing a cuireiit of lur 1 hroiigli the 
bug, they obtained the foBoiving results : — 


Eowl . 

B-abbit 
Dog . 


Wright. 
1940 grms. 

im „ 
mo „ 


Piirntlon 

81i. JOm. 
7li. 3()m. 
8b. 45m. 
81i 16m 
7li 40m. 
7h 60m. 
8h. 30m. 



076 16 1 3 

•104 18 7(1 

368 2ll-(i;i 

■107 in’3H 

•136 39’15 

•176 42'50 


■When the animal (with head free) was placed in a closed bug for siinio hoiii'S an 
examination of the air of the bag ut the end of the experinioiit gave die follmiing 
I'esnlts . — 


Length of lime. In tOO vuli, iif nir of Img, 

COj 0. N 

Bowl as above . . 8b. -27 20'7C 78 07 

Babbit „ . . 81i. -36 20 66 79 1)9 

Dog „ . . 8h. 10m. •Og 20 07 79 01 

Among tbe lower animals the skm takes a much larger share m the geiierid resiiiru- 
tion. Thus frogs, which uninjured wore consuming oxygen ut the ratu of •063 (/as) 
'089, 103, -06 grins, per lalo. pep hour, continued to eousume at (lie rate 047, 001!, 
after their lungs had been out away , tlj.it is to say, they lespired nearly as well ii tl liout 
their lungs as with them. 

Intestinal Jteapiralion.—ThinOT (Wien. AkaclBn- xlii.)) 307) found llie iiitesliual 
gases of a dog (killed a few hours after food) to luivo the following perceiit.ige cemiio- 


Bed on Meat. 
Bed on Bulse 


Gas of Stomach 
„ Small Iiitcstiuo 
„ Large Intestine 
„ Stomach . 

„ Small Intestine 
„ Large Intestine 


C. N. 

. 26 20 08 G8 

. 40 1 46 62 

. 7110 23 0 

. 32-91 06-30 

. 47 34 3 97 

. 66 13 6 9 


79 


Euge (Wien Akad. Bor. xliv. p 739) found/atos of man, obtained 
as follows, in 7 experiments on 3 persons : — 


13 86 
1-41 

48 69 
28 97 


Cai’bonic acid . 14 94 
Nitrogen . .45 31 

Marsb-gas . 39 76 
Hydrogen . ... 

with tr.ices only, and th.it 


40-61 21-86 

17-60 44 42 

19 77 32 03 

22-22 0 79 


12 77 21 C9 

43 10 41 82 

44-13 17 52 

10 07 


not alii.iys, of sulphuretted hydrogen. 


B. 

61 12 


22 1,-| 
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The nitrogen in theao cases was prohahly due to air which had been swallowed, and 
wlueli hud lost its oxygon chiefly within the stomach. The intestines are probably the 
source of the marsh-gas and hyclrogcn met with when the reepmation of the whole body 
has been exarainod Eeiaet(<^ cit) found in sheep and calves as much us 1 to 2 
litres of niavsh-gaa exhaled per hour, while pige garc only 134, 097 litres of marsh- 
gas, and 628 litres hydrogen per hour. 

It may seem extravagant to speolc thus of an intestinal respiration, yet in some 
anini.ils this is really an important function. Thns the loach {Cobitis /ossihs) ism the 
habit of rising to the surface of water, where it swallows an- In descending it emits 
from the vent Inihhles of gas, which when examined are found to contain only from 12 
to 7 per cent of oxygen, and from 1 to 2 per cent of carhonie acid During this process 
of atmospheric deglutition, the gills are temporarily inactive It appears that this 
creature thus ohtiuiis a supply of oxygen, which being absorbed from the intestine is 
consumed by tlio tissues, the enrhonie acid resulting being exhaled chiefly by the gills 
or bkm, and only to a small extent by the vent. (Baumert, An. Gh Pharm. bcxxiii. 
p 1.) 

Air-hla^der nf — Many fishes possess nn air-blndder (either with or without a 

pneumatic duct), the contents of which consist of nitrogen, a very smaE quantity of 
oxygon in the case of fresluiater fishes, a larger quantity in sea-flshes, especially in 
those dwoUing at great depths, and a trace of carbonic acid (Owen). Moreau 
(Compt rend 186.8, pp. 37, 816) finds in the air-bladder of the pereh 19 — 25 percent, 
of oxygon, of tlie tench 8 per cent , wholly disappearing when the fish is asphyxiated. 
The amount of carbomc acid never exceeds 3 per cent When the air-bladder of a 
fish possessing a pneumatio duct is exhausted by means of the air-pump, and the animal 
IS replaced in water, the qn.inlity of oxygon m the air-bladder is found inn short time 
to he very much increased, probably by diffusion from the blood. The percentage 
may temporarily reach 60 or even 87. 

Jige/s . — Tho respiration of hens’ eggs has been studied by Bnumg8.rtner (Henle u, 
Meissner, 1801, p 301). The following table gives in gi'ms. the changes of 24 hours 
on several days of meubatioii of a siiiglo egg (initial weight about 66 grms.): — 


Ist •126 

6 til -232 

lOlli -lOO 

Iflih .134 

2()th '212 

2 1st (Iiafohod) 


009 -0074 

•010 •0149 

•060 -0326 

•290 -2366 

•60 -4436 

1 008 -7317 


Variations in the Quantity of Carbonic Acid exhaled. 

1. Dopendont on tho mode of breathing 

In a single breath tho air at tho beginning of an expiration is poorer in carbonic 
aeid than towards the close , tins difference disappears when, after completion of an 
inspiration, tho breath is hold for 40 seconds before eominencmg tho expiration. 

Inspiration having been made, tlio longer the breath is held before beginning the 
expiration, the grc.itcr is tho percentage of carhonie acid in the expired air Thus, 
witli an inspiration of 4600 cc, and with pauses between inspiration and expiration of 
0, 20, 40, 00, 80, 100 seconds respeetivoly, the percentage ot earbonio acid was found 
by Hoc her to he 3 6, 6 0, 6 3, 7 2, 7^3, 7 6 The increase of earboinc acid diminishes 
rapidly with tlio duration of tho pause, and 7 6 or 8 per cent, may bo taken as the 
limit of the amount of carbonic acid present in tho deeper layers of tho air in the 

During a given time, and for tho s.imo rate of breathing, tho deeper tho breath, the 
less IS tlio porcoiitiige of carhonie acid in tho oxpiredair, but tho greutor tho total quan- 
tity exlialod 

For a constant depth of breath, the quicker the rate of breathing, the loss is the 
porcent.igo, but the greater the total quantity of carbonic acid exhaled. 

2 Dependent on extrinsic conditions 

Tcmptratiirc — AYitli cold-blooded animals (frogs), the quantity of carhonie acid ex- 
haled vanes dircetly as the temperature (Moloechott, Diifersueh ii. 315). The same 
law holds good with mammaha passing in or out of the state of hybernation. With 
warm-blooded cre.itures in general, the amount of earhonic acid vanes inversely as the 
turaporatiiro, when the latter is neither too low nor too high to injure the economy 
(Letallior V'iorordf). The observations of E. Smith (Phil. Trans. 1869), on tho 
iiiiliienco of temperature as manifested in the offoets of seasons, while leading to the 
same eoneliision, show “ that there is no iibsoluto rohitioii botMoen a given temperature 
and the quantity of carbonic acid exhaled." 
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Pressure. — The influence of pressure lias not lioon exactly dotorminecl. Acemilinf; 
to Ilervier and St Lager, the quantity of carbonic acid increases with the utmo- 
spherie pressure up to 773 mm , beyond which it decreases. E, Smith obsened an 
inverse rel.ition between pressure and carbonic acid, which howovnr was very gener.il 
only, and subject to marked exceptions. 

Light — Erogs exhale more carbonic acid in a strong than in a weak light 
(Moleschott ) 

Humidity of the atmosphere increases the quantity of carbonic acid (Lchinann.) 

Seasons. — E Smith observed that the uiiioiiiit of carbonic acid etpiri'd big.ni lo 
decline in eoi'ly .Tune and continued to do so till September In Octolier the .itnonnt 
began to rise, and continued to do so with more or less uniformitj dnnng tin' winter 
months. Spring is the season of the greatest and .intumii that of flic h'.iat. .letiiity 
of the respir.itory functions. The nitliiencn of se.isonnl cli.inges is one that eainiot, 
bo explamud solely by reference to changes in temperatiiro and barmnetiie incsHine 

Changes m the nutm e of tnsyn c,l m> —When the amount of carbonic acid in tile 
inspired air is iiicre.ised beyond thatpiojicr to llie atmosphere, tlioqn.nility of i.irboiiic 
acid exhaled IS propiortioiiutoly doereasod W Jlnlloi foiiiid that win n i.ibints lu m 
niiulu to bro.itlio a limited amount (Ifid — 2, TO ee 1 of oxygen limy eoiisiimcd the whole 
of the gas. At fiist they took in the oxygen and gave out c.irboiiic acid , but through 
the dinunnlion of the voliimo of the gas at their dtaposal, c.iiihcd by fho consnmplion 
of oxygen, the tension of the carbuiiic iilkI th.it had liocii expticd became so imich in- 
creased as aftorawhilo to exceed the tension of the e.irbome .icid in tliu blood Hence 
not only the exhalation of carbonic acid ce.iscd, but that which h.td been expired w.is 
reabsorbed. Whcntlio amouiitof oxygon in the iiiapii cd .nr is incic.isid iicioiid lliid 
proper to the atmosphere, no appreciable increase e.iii bo olisened in llie aiuount id 
carbonic acid exhaled (Eegiianlt and Ecisot) WJieii lijdrogoii is snliHlitnled 
for nitrogen in the. inspired air no essmti.d change ui ri spiratioii t.ikes pl.ici 

3 Dependent on intrinsic conditions. 

Food Abstinence, Hunger. — All observers agree instating llial dining staiiii- 
tion the amount of ciirbomc iieid fulls. In Bidder and Selimidt's expi nmi ids on 
a cat, wlnob endured 18 days’ dopriinlion of food, the amoiuit per ilicin, t xci pt 
during tlie first and lust day.s, w.is remarkably constant for c.ich kilo, of Imily-wi iidit 
(tliougli for tho whole body it grailuiilly lessened from day In day). (Beo Nii'i iiinns ) 
E Smith found, dining a 2'1: hours’ last, tlio carhrniic acid diiiniiislied iihoiit 2h jn r 
cent (7 grains permiiiulc instead of 9 77 gr.iiiis). 'J'hc niiiiiiiiiini was armecl at wilinii 

lioursaftor tho lust meal, iiiiil from that pond oiiwiird there was no marhi d deeii use , 
tlms imlictttnig tho existence of a tolerably iimtoim “iiorimd" or “ liasar’ line, la low 
which the system does not jaiss in health I’otteiikofor and Vnit loniul that their 
dog passed (30 kilos utea), witli 1800 grms moat and 300 grins f.it, Hit) 1 guns 
of onrbomo acid, but after 10 days’ fasting only 289‘ 1 grms. Itaiike, .1. {Titiinus, 
p 231), weight 70 kilos, circa, determined, hy means of RdtenUoli r's apparatus, thn 
total quantity of carbonic acid exhaled by himself during 21 hours under tho foUowiiig 
cucumstanoes, to he : 


Pm'e moat diet (1832 grms.) .... 817 C 

(160 grms. fat 1 

A diet of <300 „ starch , 735 2 

tlOO „ sugar j 

Ordinary mixed diet .... 791 1 

Mixed diet, as much n.s possible oaten , S)26'0 

A diet in which tho nitrogen of iiigesta and 
egestn were in equilibrium .... 7,T9'5 


180 8 
IHO 9 
231 2 

200'5 

21, T 7 
262 1 

2117 


' Meals — An increase 111 the production ofearhoiiie acid begins directly aftrr a mc.d 
.ind progresses to .i miixnimm, afler wlpeh the amount gradually declincH to the h.is il 
miminum, Tho maximum wasohscriul iii from oiio to two Inaiih after a me.il, and 
was greatest after breakfast and tea (with a midday dinner) On a d ly nf f.islnig a 
slight rise was observed about the times whon tho influence of meiiE, it l.iken, wiiahl 
have been felt (E Smith ) 

Kinds of food E .Smith, taking the minimum qinuitily exlmled wlieii fasting in 

tlieearlymorniiig, Imsinvostigatedtlieefl'eets ofiarions nrlieh s ol food Jb IIiiiIh liml 
the pxlmlationof eavbonic acid is ineieasod liy tlio follinving xi iin-rt spiiMlm i " ai 1 1 , li s 
which arc hero placed in a senes of decreasing intnisiij of efl'iel Te.i, i.ngiii'. n 'i.i 
sugar, nnlk-sngHr,grapo-Rng.ir), eofteo, lurn, milk stout,, de, elm m i irasi ni, gliii. n 
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gclatiu, albumin Compound aliments containing several of these substanoea have an’ 
action greater than that of any of their constituents. In most of these instances, the 
inoreaao in tlie evolution of carbon Tvas greater than could bo accounted for by the 
amount of carbon contained m the article, ox tea; in others less, ex. sugar. The effect 
was evident within a few minutes of partaking of tho food, and was not investigated for 
piTiods of longer than two hours. Other substances do not increase the carbonic acid, 
■iro non-excito-respiratory, ex. starch, fat, brandy, whisky, gin, and the volatile elements 
of WHIP, spirits, &o. The inflnenco of w.itor does not seem to have been studied. 
These observations apply to the, so to speak, superficial effects of the various kinds of 
food ; tho ulterior effects of diet will be discussed below. 

SfiTj) — During sleep the amount of carbonic acid is lessened. T " --v ' ■ 

expired per miiinte when asleep is to the quantity when awalce . ' I ■ ~ I . 

During the condition kiioiin os liyhernation, the dimmntion in ■ . . 

acid cxlialod is exceedingly nnirked Thus a hedgehog, which ■ . 

grins, of carbonic acid per lioiir, produced when in complete to i ’'■) 

per hour, and a marmot i 070 and 0141 respectively (Valentin.) 

K\iniM — Tho quantity is very largely increased, according to all observers. 

E iSiiu th, whose .ivot'ugc during the day was 9 77 grams par minute, exhaled 6'94 ^ 
gr.iiiis pur ininnto, wlieii lying down but not asleep; 18T when waUang at the rate 
of 2 miles an hour , 25 S3 atSmiles an how , and 43 36 and42'9 on two occasions when 
working the troadwhcol 

Suv — IiTen produce a larger quantity of onrhonic acid than women. 

Affi‘ — Tile quantity of carbonic acid exhaled by children is absolutely loss than that 
gunn out by adults, but compared with the body-weight is greater, us is shown in the 
following table from Lolimann (Lehrb. m. 320): — 


Siilijcsit Afto. 

Boy . . 9^ yrs. 

Girl . . 10 „ 

I'outh , 10 „ 

Young woman . 17 „ 

ftoldier 28 „ 

Mail . . 36 „ 


Body-woteht 

22 00 kll. 

23 00 „ 
07 76 „ 
06 76 „ 
82 00 „ 
06 6 „ 


Cnrbonicsold 

20 338 gnn 

19 162 „ 
.34-280 „ 

20 342 „ 
36 0,32 „ 
33-630 „ 


Carbonic acid par 
'body.wolght.'’ 
•9246 gnn, 
•8831 „ 
•6887 „ 
4648 „ 
•4466 „ 
•6119 „ 


Tile Slime applies to iiiiimals. 

Aeeoiding lo Audi'.il and Gavarrot.tbe quantity produced daily by the male sex 
goes on mereiihiug, m ilh a widdeii rise at puberty, iqi to about 30 years, remains tolerably 
Btationiiry until between 40 and 60 yrairs, alter whicli it dimimshos, especially beyond 
00 In the fomiilo sex tho amount increases up to puberty, then remains stationary, 
with lempnr.iry incrmsc during pregnancy, until the climacteric, after which it rises 
up til 00 years and then finally falls. 

Consumption of Oxygon. 

Tim wliolo of tJio oxygon absorbed by the blood from the inspired air does not 
111 ways reappear in the carbome acid of tho expimtion, in general tho amount of 
oxygen cousiimod during a given interval is grp.itor than tlie amount of oxygen 
eoutaiiud in the ciivbomc acid expired during the same time The difference is 
nul. a coiisl .int one, 1 nit vanes according to tho nature of tho food taken, &o., it is 
least niai'kod in hcrbivurii liiiiig on their ordinary diet, or in aiiimals fed largely on 
earlioliydi-atcs, and most marked in carmvoia or in animals foil largely on a meat diet. 
Itegiiiiult and Boiset found in tho carbonic acid exhaled by rabbits fed on 
eariots, &e ,917 per cent of tho oxygen consiinicd , in dogs fed on moat, 74 6 per 
emit , 111 fiiwls fed on gi'ain, 92 7 per cent. , in dogs fed on broad, 91 3 and 94 3 per 
emit. , 111 fowls fed on nie.it, 76 7 and 63 6 per cent , in ducks fed on bread and grain 
Hl)-3 per cent , on moat 73‘8, on f.it 62 3 Tlicy also found that herbivora when 
Btariiiig gave tlie proporlioii of carnivora, that is, they fed on their own flesh. 
Thus, iiihliit.s starving afforded 09 per cent , diieks starving 69 3 per cent., and fowls 
70'7 and 03 9 per cent The observations of Pettonkofer (Ann Ch Pharm. 1863, 
Suppl ii ) on the respiration of the dog led to some very remarkable results. After 
IG days' meat diet, 63 7 per cent, of tho oxygen consumed reappeared m the carbonic 
acid expired During a Imnger period of 10 days immediately following, tha percent- 
age w as on an .iver.ige 63 6. The dog was llien fed for 7 days on meat, at tho end of 
iviiich the oxygen in tlie carliuiiic arid expired almost exactly equalled tho total 
quantity eousiiined. After 8 days' rations of 100 grins fat only, the result was still the 
same The niiim.il being then put on a neh meat diet, on tho 4tli day, the oxygen in 
till' e.irbnnie neid exceeded that eoiisiinied by 17 gvma , on the following days. 
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however, the diet and excretion of iiren rpTnniiiiiiH the Mime, the i>wismnptiun of oxi e i n 
had increased so much, that on the 13th day the oxygon in tliu I'lirlmnie iieid hud as- 
sumed the standard percentage of Gfi’l. Thn animal then bouig fed on 500 grins of nie.it 
and 200 grms , first of starch and then of sugar, the relations of carhonic iieid nxjiired 
and oxygen consumed heeame so changed that at lust the carbonic .icid cont.iiiii d loil iiii 
a second trial 126) parts of oxygen for every 100 parts of oxygen eynsiinieil. 'i’ln s" 
remarkable variations serve, on the one hand, to illustrate the chuuietnr of llio ehunnes 
going on in the body under the influence of different kinds of tood , on tlie other h.iml, 
the great excess of carbonic acid, coinciding ivitb the appearance of 7 2 griii-i of 
hydrogen and 6'3 grms. of marsli-gas, indicates that tho carbonic acid u.is not whidly 
due to comhuslion of the tissues or plasma, but perhaps arose in lairt fiom li unent.it nm 
of the food within the alimentary canal (see Nutbh'Io.v). Hciicu llio eotisiiniptnm of 
oxygen and not the production of e.irbonic acid must bo taken as a measiiro of tlm 
activity of tho vital procosses. Tho iollowing table shows in graiiiiiies the aiinainl. of 
oxygon consumed par hour per kilo of body-weight by meinla is of the larioiis Kjiuls 
of ammals. It will be seen that small cronturus coiismiie iiioro tliiiii larger om s for 
the same amount of body-weight- — 

Tha avwmt in grammes of oxygm, conumed per hour per Lilo of hoih/.tn ii/ht 
Sheep (Eoisot) 

Calves „ 

Pigs 


Fowls (RognauU and Reiset) Ml? 
Ducks „ l-Kru) 

Small Birds „ 11173 

Geese (Reiset) -077 

Turkeys „ -702 


Frogs (RognauU and Reiset) OSI 
Lizards „ 

Silkworm „ 1-17(1 

Earthworm „ -Kii;) 


Rabbits „ 918 

(Valentin) 1711 

‘'’’‘^fsVt)! 

„ toipid „ -040 

„ awake (Valentin) -973 

„ light sleep „ >141 

- torpid „ -0238 

awake „ 1 370 

torpid „ 070 

A ourious observation was made by Rogniiult and Roisot on the eonsuTunl mu ol 
oxygen bytho marmot. Tlie.se ammals whoii wide awake give m Iheir r irlmiiic nnd a 
percentage of oxygen consumed 70 9, when half asleep m 7, wlieii eompbl. )( ilmiiniit 
89-9. This lemarkablo deficiency oxpliiiiis how it la Hint tliese aiiiiinds in.iy h liile in i 
dormant state, provided that they do not puss iirme, ucliially in.-rcase in u'l igbl I'lun’i 
formation and retention of water. 

Breathing Impure An-— When an animal is suddenly cut off from ifs usual siiimli 
of air, as by closure of the windpipe, by immersion in water, or by licing plunged inlo 
some irrespiruble (but otherwise innocuous) gas, such as mtvogen or hydvonin llie 
breathing is at first hurried and liiboilted, but after a whiln lieeomcs slow and n ink 
oonciousness is lost, eonviilsioiis take place, and death bysiiffioation ornspIiyMii ii. tin', 
result. In such cases, the air romaiuing in the lungs cniitains a Irnce oiiK nf oxigi n 
with a great excess of carhonic acid, the blood both in tho arteries and ieins is of a 
dark colour, bolding scareelv any oxygen but n very largo quantity of carbuine ll'•ld 
It IS not yet dear how far the phenomena belonging to tins particul.ir mode ot ib iiiii 
are due to the absence of oxygen, or to tho increase in carbonic acid, or to both of t le i,m 
causes Combined. Some obseivora witnessed no conviilsions or dyMiimiiu bill only i 
kind of narcotic poisoning, when animals were made to bre.ithe o\(gcn eonlaining ii 
ornai of carbomc acid ; whercus when they were m.ido to breathe air dibitid 

■en dvsnT.™» ,ia proportion of oxygen fell be'--^ r. 

to show that tho dy.spna!a of usphyxi 


with nitrogen, dyspnoea cii 

cent These experiments ^ „„„„ unn, tno uyspnoia Ol insnliyxia urmi'S I'reiii I lie 
lack of oxygen. But other observers have found dyspiima and coiivulsions Ui billow 
the inhalation of oxygen containing 10 per cent, of carbonic acid, and the opinmn that 
carbonic acid is .in exeitmit of muscular and other actions 1ms iiianv sinipniWii. 

space T^itliout renewal of air, and has therefore to breathe tho a.mio air ovi^’ 'lud m cr 
again. In such cases life is prolonged if tho carbonic acid he aUuvhM by imru-h as 

cr^in 7 ne.. eel V ''‘l" >t‘'« foU.ul tO 

eomam »om 6 to 7 per cent of oxygen and from 10 to 12 per cent of riiibunu- arid 
^ernard). These flgm-es may be taken to represent tho limit, in either diroelmn at 
wmeh air ceases to bo re.spii-.ihle When animals or Immnn bem.r^ f „ 

length of time in iU-ventiliited crowded rooms, the i-CMiltiug mipn,,,) of au- pn dme'\ 
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uymptoras of discomfort k.nd stiffening, and may, as in some w«ll-kno-wn instaruces, lead 
to fatal results These minor ill-effects are m part due to lack of oxygen and increase 
of CiU’honie acid, but it is highly probable that they are chiefly owing to the exhalation 
of various (unknown) substances from the skin and lungs. According to Pettenko- 
for it 13 possible to hroathe an atiiio.sphoro eontaiiimg 1 per cent of pure carbonio 
acid for a length of time without any injurious results following, or indeed any discom- 
fort being felt. But 1 per cent of carhomc acid may ho fairly taken as a limit of the 
impurity of air duo to had ventilation, and respired air containing a much sinaUer 
quantity is found to be unbearable. The effects, moreover, which have been described 
as resulting from the inhalation of small quantities of carbonic acid (Smith) are 
distinct from those resulting from ordinary impure air The latter, too, may be imi- 
tated by breathing respired air freed from its carhonic acid, and containing therefore 
the other impurities only, by eipernnenting on aniin.ils, fatal results may be pro- 
duced At the same time the carhomc acid may he taken as an indirect, mea,sure of 
the impurity of respired air, and accordingly air which by respuation has acquired 
more fh.ni 08 per cunt of carhomc acid should he considered as unfit for further 
rospiratiun. M. P. 

BBTENB. —A hydrocarbon polymeric with benzene, discovered in 1837 

by Pikoutsohor and Trommsdorft, and examined chiefly by Pritzseho (.T pr. 
Cliom. Ixxv. 281 ; .Tnliresb 1860, p 476, Gm xviii. 8) It occurs in thin unctuous 
bcales on fossil pmo-stoms, in beds of pent and lignite in Denmark and other localities, 
and together witli fielitelito on the Piclitelgebir^c, and at Utzmich in tbo Canton of St. 
Gall It IS produced also by tho dry distillation of very resinous pino and Ur-wood, 
passing over together with tho heavy tor-oil, and separating in scales like pniaffin 
(Kraus s, Ann. Ch. Pharm eii 391) By submitting colophony to dry distillation, 
and passing tlio vapour through a red-liot tube, Pritzsche obtained several hydrocarbons, 
forming compounds with pienc acid, amongst them probably rotene. lielUtmene, or 
Meianaphthmene {p. 98), which is _T * ' .d m a similar manner by Pelletier and 
Waitin' (Ann Oh Pliys [2] Ixvii 29»y, is purhap-s impure rclune (Pritzsche) 

Prcpai ution Ft om foehil imod.—Tha coinniinuted wood is cxliansted by boiling 
with alciiliol , die greater part of the aleohol is then distilled off, iiiid tho remainder 
of tlie docoetion is cMqioratod to dryness, nnd treated with sulphide of carbon, which 
dissolves I'utenii nnd other Mihst.inees, leaving a rod-hroivn acid resin. On removing 
tile Hiilpliidi) Ilf carbon by distill.itmn, mid dissolving tlio rc.siduc, togotlior with picric 
ai'id, in heii/’ene, a conipouiiil of retonc with picric iicid and henznmi sepnriitis out in 
yellow nei dies on cooling These ni'o pressed nnd recrystiilliscd from alcohol, with 
ndditiim of excess of picric ncid, the compound ol retenc and picric acid is decomposed 
by iinmmni.i, and the scpiiraled ritono is recrystiilliscd from nlcofiol (Pritzsolic ) 

Helene forms soft shining iinetiions laimnie, inodorous, tasteless, sinking in cold but 
tloaling in boding water (Pntzsciie) It molts at 98 — 99° (Fobluig, Ann Ch 
Xfliarm. c\i 388), According to Pritzsche, melted rctone sohdifics at 90°, the toni- 
periituro rising to 95°. It onuiorates gradually m the am and over the waler-h.Uh, 
nnd when melted gives off white clouds, which condense to a woolly sublimate (Krauss, 
Ann. Ch Phivnn xxviii 346). It hods at about tho hoiling-poiut of mercury, and 
distils almost unchanged (Pritzsche, Pohling). It is iiisolublo In water, dissolves 
slowly m cold, much more retidily in boihng alcohol, easily in warm etliei, and in oth, 
both /.red and volatile. 

Hoteno burns with a bright but smoky flame It is converted into resinous prodnets 
by treiitnicnt witli chromic and, with hydiochlorie acid nnd chlorate of potamum, and 
with strong nitno acid. Witli more diliite nitric acid, it also forms erystalJiiic products. 
(Peliling) _ . 

By prolonged contact with strong sulplimie and, rotene is converted into rotone- 
disulphurie or disulphorotic acid, C'*H'"S“0“ which crystallises in a solid 
iiins.s nnd forms a soluble huiium-iult, C"’H"*Ba"S®0“, ci^sfnllising in noodles. Tho 
kad-Milt, C""ll'“Pb"S-0", dis,solvc3 slightly in cold, easily in boiling water, and sejiai'ates 
Iherefrnra in W'hite flocks 

A solution of releno in moderately dilute sulplinric acid deposits on standing, crystals 
containing C'“H'".S“0“ hroSOh 

Hctcnc lieatod with stiong snlplmrie acid is converted into tho compound G‘“H*SO‘, 
called by Pritzsche s u 1 p h or o t on e, winch separates from boiling water in tlim Inmiiim, 
from iilcoliol ns a sandy powder or iii crusts, la decomposed by heat and forms a crys- 
tnllino compound with hydrochloric, oxalic, and picric .icids. 

Hctcnc with none and — A solution of 1 pt retenc and 3 pts picric acid, in hot 
alcohol or etlier, deposits on cooling, delicate woolly or.inge-yollow needles of the com- 
pound G'"n'",C“H“(N0'')’0, winch is partially docomposed by alcohol of 90 per cent , 
compkifoly by more dilute aleohol, into picric acid .md reteiio. 
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Amishiraof retano and picric acid dissolved in liot hm^tne, doposih on eoi)lwi(? 
needles of the eompoimd C'*H* C“H“ wliicli on cxirisnrn to the mr 

hecomes opaque, and gives off the whole of the honzoiie (h'ritzsehc,) 

RBtTBKTXS-StTXiPBVRIO ACID. See the last ai'ticlo. 

BaXIIfAHTB. A green translucent variety of serpoiitinc fcoin Canada, haviiitr 
a resinous aspect (See Sekpentim.) 

BBTIIirAPBTBA. Syn. with toluene or hydride of heiizjl (i. fi7.3) 

RBTnaTASPHAXiT. A fossil resin of yelloiv-hiowti eoloiir, carlhj .ispcct, I'.irelv 
dense and shining, of speeilie gravity 1 07 to 1'3,'j, fiisihlo, hums nilh a nlnti' 
and aromatde odour. Eotinasphalt from the lignite of Bovey in IK \onsliire, n h> n it 
was ili'st observed, cont.ains,.iecording lo Hatehott (rinl Tr.ias. lK01,]i. KU), ,h) ]« r 
cent, resin soluble in alooliol, (2 per cent iiisohiMo rosin, according |o .1 uli h si mi 
(Phil. Trans 1840, p. 347), l.S'2.3 por cent niiiicriilcoiistitiipnts, 27 io resin iiisi.liililo m 
alcohol, and 59 23 per cent solnhlo in alcohol — the latterisiiihiitiiiiiig.loliiihloii's, 
asui. Eotinasphalt from H.illo contains, accoidnig to Jinclml/ i.Sehw. .1 i 2!K)) 'll 
Mr cent easily solnhlo rosin, and 0 per cent insohihlo resin, reseiiihhiig iiinlier. tlmr 
from Cape Sable, United States, contains 42-/> per cent, e.isilj soliililo resin, 'Hi ft per 
cent insoluble rosin, and 1 6 ferric oxide and iiliiinina. (Troost ) 


to. The portion of rctinnsplmlt from Enviiy, nhieli is .suliible ni 
alcohol (Johnston). Iti-cmains, on oiapoialing the alcolmhc soliitnni, .is a vi How- 
brown resin, which molts, with loss of weight, at 120°, and gisi s off g.is Inihlili.s ni 
206°, It dissolves abundantly in other, whence it is for tho most purl piccipii ited hv 
alcohol, spanngly in alcohol, and is pioci[iif.itcd bp iv.uer Tho nicoholic sn|nh.,ii 
gives a slight preeipitatondth chloride of ciilcinni, iiioco iiliiiiid.inl iiilli nh .'holn ms hie 
oflead The acid contains, at 100°, 7.5'03 per cent. G, 3 77 If, .iiid lli20C» nll.i 
fusion, 77 08 0, 8’70 H, and 11 32 0 ; tho calciuin-s.ilt yiehhsl 10 20 pci c iil line , 
tho silver-bait 41’78 to 43 .68 pier cent silvor-oMdo. Kioin these i. sells .Inliiislnii 
deduced the formula C-kiH^O''. 

KBTinriXX], Walohovite. A fossil resin found iii flio co.al-inincs of AV'.ili ln.», m 
Moravia, in rounded lumps, varying in sue from that of a jiea hi thiil. of u iiiairs Insnl 
It is brittle, of specifio gravity 1 036 to 1 OfiO, has iv yellow cohiur, a ismclioi.l il 
fraotni'e, and fatty lustre At 140° it hocomes trniislucoiit lui'l chislie lulii.ml fiisiuo, 
and nt 260° melts to a yellow oil. Ily dry dishHation it yicldn coinl.iislilil. p.is, m',.,' 
anduqiioons formic acid Alcohol cxiracth from it 1 si jut ceiif , and cllni' " .i i.. i' 
cent, of resm, both tho resins thns obUmcil bcm.; liansp.irciit, v'llon, and hnirdi, ' li 
dissolves slightly m sulphide of carbon, and in hoiliiig rocK-oil, Inii sothni. in tlm 
former Contains 80AO per cent 0, 1008 11, ami 871 O, agricing u|ipin\.inml.lv 
with tho formula C">H“0'. (.Sehrottor, Pogg. Ann li.v. 01: bcc iiho lb riilli N 
Br Arch xxii. 280 ) ' 

The lignite of the 'Williolinszech mine, in the Wcstmiiild, conl.iiiis nddish-i. lion 
bnttie depiosits of rctinite Eranchite or sclicorerito likewise eh, mg, s to a is sui, w Im k 
has tho coloui' and soft waxy eonsistenee of retunto (Omssclmiuin ) ' 

The name rotinite is used by R.immclaherg (AJoimifc/taiiie, ii. Ohii) ns n gt mu,, 
name for fossil resins containing oxygen 

ItBTlZiroiE and BBTinriXi. Hydrocarbon.s obtained In Ihe ris'lilic u mn of tin. 
products of tho dry distillation of tiirpciu.iue-resiiis (Pellntior .md W.iht i,,., 
Oh. Phys. [2] Ixvh 269). See Tuitpnnnini. ' 

BBtrxSTEKBn'B. MdamphtJmlenc. A solid hvdroc.irh.iii, niol,,il,iv i.l, 

With rotono, obtained by the distilhitioii of resins, nml jiiissiiig ovt mih tin. 
portions of the distillate. (Pelletier and Walter, Ann (Hi. Piiy.s, (21 Ksii 


BBTORT. This narno was originally applied to tho well-lcimwn lessel, cohshi;,,,. 
ot a bulb and inclined neck, used for distillation, but it is now esnocmllv in l.s In I 
cal hiiiguago, applied to distillatory vessels of other sli.ijies— lor eMinuilc i., tk, “.Vl'' " 

ders of iron or earthenware used for the distillation of coal, &c. 

BETZBAKTVITB. A m.issiio grey miiieml from EetAaiiva, in lliin..,,, „f 
specific gravity B'21. Ifc is mixed with oxidised products, iiiid giies hv anal s 'V i 
per cent oxygen, 1193 siilidiiir, 38 38 bismuth, 36 01 lead, 1-22 eoicr an I ' ' 
silver. (Hermann, J pir. Chom. Ixxv. Ifio.) 

RBTZITB, Syn. with Ensr.vonsiTB (li. 301). 

BEySSMT. A salt occurring as .in oflloi.osc,.nce .it ftaidsehita in h, , , i 
consisting of a mixture of tho sulpih.ites of sodium, caleium, .in(Uiiiij.iie..iii,ii J'"i' 
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elilorulo of magnosuim [andiirntor], 1)111 varying in composition according to tiio locality 
and the bciisou of the year, (Ileuss, Croll Ann. 1791, ii. 18 ) 

RSlAWSWETIIir, G‘'H'"0’ (Gollatly.N.Edinl) Phil. J. vu. 266)— A pale- 
yellow crystalline siibat.ineo, formed, together with glucose, by boiling xanthorhemnin 
with dilute aiilphiuic or hydrochloric acid* 

+ 311'-0 = C'‘H>»Os + 2C»H'*0». 

A similar transformation taltea place when Persian berries, which contain xantho- 
rharanin, are stu'ied up with cold water, the rhanmotin being deposited from the filtrate 
as a yellow powder 

Pliainuetm is nearly insoluble in water, easily soluble in alkahs, and precipitated 
tliprefrom by acids , insoluble m alcohol and ether. Hlasiwetz regards it as identical 
with fpiercetiii (p 4). 

BHAMMIN. (Floury, J. Pliarm. xxvii 226 — Winoklor, Jahrb pv. Plinrm. 
XXIV. 1, — B lusivaiie or, Eepert Pltiriii. civ 04 — -Grin xvi. 801 — A yellow suhstanco 
contained, togollior with rliamnocatliartin, in tlio nirapo hemes of the buckthorn 
(^Rhumtuis luihaHicu.s). It maybe prepared bypres.sing the homes to remove the 
juieo, boiling tlie reMiluo repeatedly with iviitcr, sotting the decoctions asulo to crystal- 
lise, and purified by rocrystallisation from boiling alcohol, witli aid of animal charcoal. 
It forms rounded groups of pale-yellow gi’niiules or, more rarely, tufts of needles It is 
doemnposed by bent, is nearly or quite lusolnblo in cold watir, suolls up in boiling 
water, dissolves sparingly in cold, easily in boiling alcohol, hut is insolublo in other 
It dissolves I'.osily in tdkahs, and is precipitated therefrom hy pcids , dissolves with 
saffl’pn-yellow colour in strong hydrochloric or sulplnmo nod, and is precipitated by 
uater, in liot nitric noid, foranug a diirk-brown solution, which becomes yellow on 
continued heating, and then leaves on evaporation a orystalhno mass, mostly soluble in 
water, together with a bitter yellow powder, probably picric acid. 

The name rliamniii is applied also by Ortliob (Mulhons Soe Bull xxx. 10) to n 
prnihii'l, obtaiiiwl from Persian berries According to his observations, tlio nqiieoms 
decuvl ion of the hemes, after tlio colomang-midter has separated tvom it, contains a 
large qiuuility of sug.ir, mid after fermentation deposits yellow orystalline grama 
ot In/iliidc of isomeric or perhaps identical with ouxiintluc acid 

(ii, (iOfl), Mien yellow-green flocks of ln/dmte (>f ihtiminn, and the niotlier- 

li(|iior, if Ijoih'd with sitliihiiric acid, yields flocks of Tliosn results, 

houever, do nut agree with those ohtauiod by Kano and by Gellatly (p 100). Soo 
also XANTUOliUAMNlX 


BHAIHWOCATKABTIW, Caiktrhn (Hubert, J. Cliim mAl vi 193 

■\Vincklor, .r.ilirb pr. Plmriii, xix. 221 , xxiv 1. — ^Binswangciyltopcrt Pliiirm civ. 
61— (im XM. 81 ) — The uncryslallisiible bitter piineiplo of biiekthoin berries To 
))i'epare it, the jmeo of the ripe berrirs is evaiioratisl to an extract; this extract is 
exhausted with hot alcohol, the tincture evaporated, and the residue mixed with 
Mater, whuli separates yellow-green piilvcriileiit I'liamnotaniiic iieid. Tlic filtrate, 
sliakeii up with coavsely-pmindi d, piiiriflcd hcne-ebarcoal, as long as it retains any 
hiltor (astc, yields liiaiiiiiocnrlmrliii lo Iho cliureoiil, iirid on washing this charcoal 
witli cold water, drying, tro.itiiig it wilh hot alcohol, and ov.iporahng the tinctiu-o, tlio 
rliniiiiioeatliarlin m lott hehiiiil (Biii.sw anger.) 

Jllmiimoe.itliartin is a trunslucoiit, amorphous, yellowish, hriltlo mass, which omits a 
peeiilmr smell when riihhed. It lias a hitter and very repulsive taste, is neutral, .uid 
tolevalilv permanoul in the luv. AVlien he.itcd, it melts to a yellow oil, turns hrowii, 
gives iifl'iud.iiiimahlo vapours, and hsivts eoiiibustihle chai'co.il With tiitrio acid, it 
yields a huge ipinuljty of picric acid (Wiiieklcr) It is not decomposed during the 
fermeni Ilf Kill of tlio.imco (Iluhert.) 

ft iH Hohihle 111 all proportions in waicr (Wincklor), insoluhlo in cold, somewhat 
Roliihlc 111 hulling water, to ivhich it. iinpiirts a very hitter taste, while the remainder 
mulls and adhorus to tlio sides of the vessel The hot solution hcconics turbid on 
ciiiilmg (lliiiswanger) The aqueous solution is eoloiu'cd brownish gold-yeUow, 
Mithimt precipitation, hy amiiwma, tlio fianl a/Iw/i's, and !iam nictate of lead, and 
lieeuiiK'S ciiloiudcas again on addition of acids. It colom's ferric oUonde dork-hrowii- 
groen. (Wincklor) 

Hlmniiiocalliiirtiii dissolves in all proportions iii alcohol, but is insoluble in ether. 


BHAMHOTAKHIC ACID. tBinswaiigor, loe at ) — Obtained, as ubovo, in 
tiio piep nation of I'lminiiocatliaitin, and piirihcd by washing, drying, solution m 
(■flier, iiiid ( vapni'iilioii — It is a neiitni I, grcenish-ycllow, amorphous, easily ft'iablo 
in.iss , liistes bitter .iiid asti'iiigimt , mi'lta and decompo.ses when heated , i.s nearly iii- 
soliilile 111 eiihl Miller, HomoMhal solnhlo in boiling water, and in aqueous ammoiuii, 



100 


RIIAMNOXANTIim— RHODIUM, 


forminf! a golden-yellow liquid -wliicli gradually turns liroivn. With limo-Troti'r nrnl 
potasli-loy it forma yellow solutions, wliieh do not change in contact witli tin: ,iir , the 
former, however, gradually dopoaits yellow floelcs. The aqueous solutimi, mhli d to 
neutral or basic acetate of lead, throws down orange-yellow flocks , it colours fi rnc 
salts olive-green, and then precipitates them. In tartar-ometie it forms, .iftcr eomo 
time, a yelloiv precipitate , does not precipitate solution of gelatin. The acid dissolves 
readily in alcohol and ether. 

RHAlUCH'OXAIirTHXn'. A yellow, crystalline, sulilliiiahlo subst.inen iilnitie,il 
with FrrtnyidiH, under which name It has already been deserihul (ii VK) It pmsIs 
in the root, hark, and Etein-b.ir]c of Ehammu, Frcoiyiila (Buchner, Jiinsw.iiigi i t^ 
and according to Pliipsoii (Conipt rend xlvii 153), in the laist, and in tlie M’s-i l'. of 
themodnllary sheath of the branches. Phipsomirep.iieH it by iii.icc iMliiig flu la.iiiolns 
for three or four days in sulphide of e.irboii, evaporating the exli.ict to ibyni“-s, i\- 
bnusting the insiduo with alcohol, which leaves fat iiiidissolvcd, iigam tv.ipor.itnig, and 
roeryatalbsing from ether 

RHAOTMTUS. The several species of Ithmmnm yield yellow or green eulonrmg- 
matters, which have boon oxainined by different diumihls, not .ilivays lutli .e'eoul.inl 
results — 

1 Persian or Tnrkey-berrieB, tlio seeds of Ehammm amyiidnlmw, U. (itnMn, It 
8(iira<di.s, and Avignou-granis, the socils of li wfioiuitits, which are emidojed m 
dyeing for the production of yellow colours, yield a Aceiaslmg to ICaiii' (I'hd Mc' 
[3]xxui 3), in the unr\)ie state, chrysorh.iinuin, 0-''JI-”O" (i. 3(1(1), and win n iqie, 
xanthorhainnin,* U"IP'‘0 " — p Accoiding to (iell.itly, x.in I liorli ,un n i n, 

with vhaninotin, C"I1'"0’, as a piodiul of its decoin|insitiou - y leisad- 
ing to Ortlieb (iVTiilhons Kdc, Bull x\x 1(1), ihamnin, (’ 'IPd)*, hydr.ite of 
rhamnin, C-''1I'‘0"’, unil hydrate of oxyi li.im ni n, (l-'ll'"(l'' 

2, The bark of the beiry-heai ing .ddei (ft/i'imiiiif, Fii/iir/ii/d), anil of (he InielJh.nn 
(B. oat/»r(r(ici(s), yields the yellow dye culled rh.ini iiOMintliin by Bueliner and Bin..- 
waugor, frangubn by Cassolmanii 

3. The bomos of 7f. rid/mcticiis yield the rluninm of TTenry, 'Wini'ldi v, nnd Bin.- 
wanger (p 99); also Binsw.inger‘s rhamnoe.itharl in, called eafliarlin l>y Ilnlnit 
(p. 39). Thobu berries and the syrup prepared fioin them possiss pmi'itne pi.i- 
pertios , but their aetioii IS violent and dangerous, so Unit their use lit iindii'ini is iini, 
to be recomintniled 

The berries of some speeii’S of lhamiiiis arn used for dyeing iiioioeeodeull)i r of i 

yellow colour , others for dyeing wool , and Ihe b.irk of so inqdioM! lor ■iiiluin' 

a black with salts of iron. Tliusn of Jt/MiiiiiH', m/li<ii/i(iii yn Id llie pij'im nl i ill. il 
sap-green, or blailAor-grceii ; and iceciitly Id. Cliarun of J.iuiis lias olilaiied li..i,i 
them a splendid green dyo called I'til V<rt-.l-<tf, or Vot-I.iiihiui, nl.niied 

with, orrery similar to, the Clniieso Lo-Kao. (See Bvi'ivo, ii. 35.S, also IV.ignei'’., 
Jahreshericht, 1861, p. 607 ) 

RBAFON-TICllvr. Syii, with Ciiiivsowivirto Acin (i 9.1.3). 

RHSASIC ACIS. According to Loo Mi'ier (Boperl Vliarni faj, xb 'I'J'i), lli,. 
red colouring-mutter of the flowers of the coiiiiiion red poppy {I'li/mi; r /iV/.e,) i,,i|, 
of two acids, e.iUcd r/iemJw mul pnpoi’mc neid, sepaitdilo by limit nil aeibii. nf ], ul, 
which precipitates only the former, they do not apiiuur to Inn. hiennblain. d iinie,' 
(See (fjndin's Hmulbuol, xvi. 027 ) 

RHXilc ACiii.( Syn. with CnnYboMrANtc Acin (i. 968), 

rn, li, 1 t.T ) 


RKRoniBTBR. Syn. with GinvANoxinTnii (See Ui.rcnnroi’n, li, 1 
RHEOSTAT. An instriimont for regulating and measuring the fore 


currents (See Eleomucity, ii. 401.) 

RBEirni. See EnunARB (p. 107). 

RHBTriVIZffir. Syn. with CuRYsoMiAKic Acid (t. 958). 

RHODASriHES.^ A name applied to sulphocyaiiates, on account of liio red eolmii 
which they produce with ferric salts, 

RHOBEORETIU, Syn. with OoKVotvui.iN (li 16). 

BHOREORHTIKTOZ.. ) 

RHOBEOBETIKroZ.IC ACID.) 'v'" CoNvoLvnrrKor.ic Acin (ii. 1,5). 

RHODIUM. AtomwWnyhf, 101, Symhol, Eh— A meUl belonging to llie i.l iiimini 
group, discovered by Wollaston nnlSOl. Il„ (bund tiu, oro from It, mil ,"11, ^ 

per cent, and native pUtiiium fioin another locality has been l.ninil to eunium ei 
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meli as 3 per cent, of rhodium. It often occurs in considerable quantily in platinum 
residues 

Preparation. — 1. Platinum-ore is dissolved in nitromuriatie acid, the platinum and 
iridium are precipitated by sal-ammomae, and the palladium by cyanide of mercury ; 
tile liquid is than saturated -with carbonate of sodinm; hydrochloric acid is added, to 
decompose the excess of mercuric cyanide , the hquid is evaporated to dryness ; and tlie 
residue is treated with alcohol. The whole then dissolves, excepting the chlororhodiato 
of sodium, which remains as a red-brown powder This salt, reduced by hydrogen and 
washed with a large quantity of water, yields pure rhodium. 

2 Granular platinum-residue, consisting chiefly of rhodium and indium, with small 
quantities of osmium and ruthenium, is treated, as described under InroiOM (iii. 316, 
No 1), to separate the other metals ; and the residue ineoluble in nitromuriatio acid, 
conaistiiig of rhodium with a small quantity of indium, is mixed with a large excess of 
commou suit, and heated to low redness in a cm-rent of dry chlorine, whereby the 
rliodiitm 13 converted into chlororhodiato of sodium, which may he dissolved out by 
water .ind crystallisod by evaporation. The metal may then be obtained from it by 
reduction with hydrogen, or by precipitation with zinc or, better, the concentrated 
solution may first be mixed with sal-ammoniac, which will throw down any mdium 
still remaining, and the filtrate ov.ipnratetl. It then yields fine prisms of chlororbodiate 
of ammomuiif, which when ealeinod loaves pure rhodium. (Fr Amy.) 

3. riutinuiu-Tosiduc, precipitated by metallic iron from the mothov-liquors from which 
pl.itiiiiim bus been extracted (iv. G83), is fused at a bright rod-bent ivith 1 pt lead and 
2 pts. litharge; and tho regulus thus obtained, after being carefully freed from slag, is 
trenlod with nitric uoid diluted with an equal volume of water. The pulverulent moss 
winch roimuns undissolvod is thou heated to ro(lnB.ss with 6 pts. of barium-peroxide ; . 
tlio ignited mass is treated with water, and tlten with nitiumuriatio aetd (which ehmi- 
nati's osinic acid), tho barium is precipitated from tho solution_ by sulphuric acid, 
the quantity required having heon previously calcm.ited, tho liquid is heated to 
tho hmliiig-poiiit, and filtered; tho filtrate is evaporated to dryness at 100°, with ad- 
ditiou, first of a little lutrio aetd, then of a large quantity of sal-aramouiao, and tho 
solution IS wnsliod witli a strong solution of sal-.immomac, which dissolves out all the 
liiodmm 'liio liltuvod liquid is then heated with a l.ivga excess of nitric acid (to de- 
coniposo till' siil-ammiim.ic), and finally ovaporatod to dryness m a porcelain crnciblo; 
,iinl tho rliodiuin-s.ilt tints obtained, after being inoistoned with sulphide of ammonium, 

IS iui.\i'il wilh tliroo or tour limes its weight of sulphur, and heated to bright rodiioss 
in liie ciivorod porcelain erucihlo, enclosed for the purpose m an earthen crucible, tho 
Hji.U'o hi'twwii the two hi'ing filled up with powdered charcoal. There thou remains a 
ri'giiliis of iiuilullu’ rliodnitn, which may ho purified by continued boiling with nitrq- 
imii'iadc acid, and then with strong sitliihuric acid To obtain tho metal quite prae, it is 
inseil at a low rod-heat with 3 or A jits of metallic zinc, and tho fused and cooled 
mass is tie.ited with eoucenlrnteil hydrochloric acid, which loaves nndissolvcd a crys- 
tal line alloy of tho two metals. This alloy is dissolved in nitromuriatio acid; tho 
wiliifion IS mixed with ammonia, till tho preoipttato formed at firat is rodissolvod, then 
hmkd and evaporated, whi'rehy a yellow precipitoto is formed, constating of ammonio- 
ehlinido of rhodium, 6NH“RhCF, and this salt, after being piu'ifiod by recrystallisa- 
iion, IS calcined with tv einall quantity of sulphur, in n giapUile crncible, at tv very 
sirniig red-lioat, Jfetallic rhodtum then remains, which maybe fused in the oxy- 
Indwgon fimiaco (iv. 313). (Dovillo and Dobray, Ann. Ch. Phys [3], hi. 386; 
.I'alm'sb la.'iO, p 238) 

According to Cl, ms (,T pr Ohom Ixxxv. 120; Jahrosb 18G1, p 327), the ahove- 
desi'ubud niofliud of disintegration witli peroxide of barium does not give good results; 
lu'cnu.so (lio rliocluim, though oxidised tliorohy, is rendered very difficult of solution in 
iii'ids, and indeed wll not dissolve at all, nnless indium is also present, to assist tho 
sohitiim liy eontiict-actioii. Chius bhoreforo gives tlio preference to Wohler's method 
lit ilei'iinipusifion, by mixing the substance with chloride of sodium and igniting it m 
eliloriiu'-gas (in 314) For the scpariitiou of tho indium and rhodium in the solution 
ol, 1 ,11110(1 by treating tho resnltmg mass with water, he recommends that the tricliloride 
of iiiiiuim ho firat converted into tetrachloride by boiling with nitriomuriatie acid, and 
tlio iridniiu tlion sopar.ited by fractional precipitation with sal-ammoniac The mode 
of siipar.itKin by digesting the dried saline residue in sal-ammonmc solution, he regards 
iiB ulijtctioniihlo; because the rhodium-salt, when once crystallised, dissolves but slowly 
in that liquid, .and iiclhorcs ohstinutoly to the iridium-salt, so that a very large quan- 
tity of tho sal-iinimoniao solution is required to dissolve it. 

P]oiH vke $. — Rhodium is a whitish-grey metal, very hard, much less ductile than 
platinum. It is somowh.it more fusible than indium, hut scarcely softens in tho flame of 
the uxyhydrogen hlowpipo , it miiy, however, ho fused in DeviUe’s oxyhydrogon furnaco 
(iv. 313). Tlio melted metal .ihsorbs oxygon, and spits as the globule sets Tlio spe- 
cific gravity of unfusod rhodium is 10 G1 , that of tlio pure metal after fasion is 13T. 
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ETiodium is unaltoniblc in the air at ordinary temiioi'atnrflB, hut oxidiscis at a red 
heat, and with groat facility if in the state of powder. It comliiiies iiIho m illi cliloriiio 
at a red heat. When pure it resists the action of the strongest iieiils, even of intri)- 
mni'iatio acid, hut when alloyed with certain niutals (as with lead, hisiinitli, copper, and 
platinum'), it dissolros in mtromuridtic acid, together with those iiiet.ils , wlnai fused 
with gold or siker, however, it does not dissolve. It is rt-adily oxidised hy fusion wil li 
nitre, or with peroxide of hannm By fusion with sulphate of potiissuim, it is com crtid 
into soluble rhodiopotassio sulphate Mixed with chloride of sodium, and ignited m a 
stream of chlorine gas, it is converted into chlororhodiato of sodium, winch is likeu I'-n 
easily soluble. , 


RHODIUM, ADDOirS OF, Khodium unites with most other metul.s. Sonic of 
the alloys, us already observed, dissolve completely in nitroiiinrialie ncid, siiiere.is 
others yield to this solvent only the metal alloyed with the rhodium. An alloy of 
rhodium and t/o/rl found in Moxieo contains from 31 to 13 per eeiit, rhodium (Ilel 
Eio, Ann. Cli Phya. [2], xxix 137.)' 

One pt. of rhodium and 1 pt of s/rel form an alloy, which 1ms a speeille grai ity of 
9'176, a very fine colour and surfaeo for niotiilHe nuirors, and does not larniHh in the 
air, — One pt, rhodium with 60 to I'OO storl forms a veiy hard and lather foin'li alloy, 
which requires for tempering a heat higher hy 39° than common steel, ami 17° higher 
than Indian steel. (Faraday and Stodart ) 

Ehodium also unites with uoiu and Un, forming the crystallised iillnys, lih/id and 
EhSu. (Devillo and Bobriiy ) 

RHODIUM, CHDORIDHS OF. A (i'le/iffli «7e, EhCF, la Saul hyl'eUenlu ig (olin 
obtained by heating tho coiTespoiidiiig sulphide, EliS, in eliloriiie-gas, but aicoidiiig 
to Clans, there is hut one deflnito coinjioniid of rliodiiim and eliloniii - iir , tim 
trichloride orrhudic chloride, EhCF It is obtained in (he .iiiliydioiis M iti by 

Igniting tho pulvorised motal in a stream of or, more easily, b\ Inatiiigono 

of its double salts (w/ia) for some time with strong siilphniic aeal, and poniin'g llm 
mixture when cold into water, which di<-snlYes (lie idk.diim siilplialn and n “in, ill ijn m- 
tityof unileeoniposed douhlo chloride, leaving Ihe rhodie ehlorido iindivoh, il, \i| 
obtained by oithor process, it is a brownisli-red iiidiffilTeiit body, insoluble in all in els 
and alkalis When heated with mfn/e nf jmUtwum, it turns yi llo«, and is rcsolsed 
into an orange-yellow powder, slight ly sohihle in w.iter, lint o.i'sily soluble in li\dro- 
chloric acid, and a soluble coiupomid preeipitaliln hy alcohol With of m.’/oo/i 
I t yuolds onlj' tlie sohihle salt ffiiljiJiir/e oltiiammimni added to llu'se sohil ants, (In, ,« .i 
down sulphide of ihodiiiin, sohihlo in excess of tho alkaline siilpbide, and eoiiipl. I. h 
proeipitahlo thorofrom hy acids (W. Oihbs, Sill Am J |2| .wxiv .‘ill , .l.dindr, 
1803, p 293.) ^ 

BpihaUd rlihite Monde, EhCl’ ITPO, remains in the form of a r>sl-hrowii 

mass, on evapor.iting oier tho wiiter-halli a solution of rhodio oxide in hydioeliloin' 
acid, previously freed from potash hy treatment with nitric acid It ye Ids a i d 
powder, IS doliqneseeiit, soluble in .ilcuhol, luaolublo in ether, at a isd he.K il pis. i 
off its water, and hecomi'S iiisohihle 


OUoroihodudca of Ammomtm—'n\e salt 2(,3NIl'a.Kh01’) .'Ill-'O is obi u 
decomposing the corrospoiidiiig 8odium-a.ilt with Miil-nmmnmuc , it crystal iis. s 
rhombohedrul prisms, o.isily soluble m water, maoluhUi in alcohol 'J’lm 
aqiieom solution deposits on cooling, prisms and hexagoiiiil pl.ilis of t 
2NE'C1 EhCP.H-0, less sohihlo .ind durkor-coloitred (hiiii the pus'i ding. 

C/i/orujWmte o/Poto«iii<ii —Tile salt SKtll EliOF ‘ilWl, foimed by im\i 
solutions of rhodic ovule in hydrochlorie neid with a strong solid ion of potassie 1 1 
cryst.illises in sparingly soluble prisms, which i flloresee and giin oil' .ill (h. ii u 
exposure totheair _ Another double salt, 2KCI UhCl' 11-0, m obl.iiimd by lie.d 
a current of chlorino, a mixture of piilveiised rhodium nr rlioilie eldorid 
chloride of pota,ssium The hl.iek saline mass dissohes m water, and the s 
yields by evaporation dark-red eryAals soluble in iilcoliol 

ChhroHiodmte of Sodium, 3N.iCl.niiCTM2H-0, is obtained by heating a mix 
1 pt. rlioduira and 2 pts. common salt in a stream of cliloriim , it cry’Hlalhsi s li 


RHODIUM, CYAIsriDE OF. EhCy’. See CY.iNn)rs (ii. 271). 

RHODIUM, DETKCTIOH AMD ESTIMATIOW OF. Ehodinia forms 
only one class of salts, viz Ihe rliodie s.ilts, corresponding in eompoaitioii with lln l.i- 
chloride Tlieso sa ts aro for tlio most p.irt rose-eolmired (lienee the niinn of I he 
metal), and exhibit the follow-iiig reactions in .solution. — ^With ‘<tdnhi/dio mill \ )ii.,wn 
peoipitato of sulphide, which is .slowly d, -posited , with ndjdii/dni/,' of i 

broivu precipitate, lusolnhle in excess, with ndphnous m/Faiid .-W/./ot, i i.,i, - 
yellow pvicipit.ite.aihmhiig.i lery eliar leti-risln ll■nlloll, with iie/us/i, a vellow 
pitato ut hydialed rliodi. oxide, soluble , xe, s, . „,ili nb,, . y,|l„.,i 
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Jii'eripitate. wliicli.lioweYiT, doc i , \iith. alkaline carhonates,a,y&l- 
Iriwpreoipitato iiftei' a while idncesa slight yellow precipitate ; 

.•.fniniuw chloride imparts a c itions, hut forms no precipitate 

Met cm ous niti ate and nitrate oj stiver form with rhodic chloride, precipitates analogous 
111 ('oiiipoaition to the argento-iridie chloride already mentioned (in. 318). Zinc 
pvoi'ipitatea nietalhc rhodium In a solution of rhodnim mixed with excess of potash, 
alcohol forms, oven at ordinary temporntiires, a black precipitate, probably consisting 
of niLtallio rhodium , with the other platimim-metals, this reaction takes place only 
when the liquid is heated. Ho precipitate is formed by sal-ammoniac, cHonde of 
potassium, chromate of potassinm, oxidie acid, cyanide of potassium, cyanide of raer- 
oiiiy, ferrocyamde or ferrieyanide of potassium, or gaUie acid. Hydrogen gas reduces 
till’ anhydrous salts at a moderate ho,it. 

Chlororhodnite of sodium fp 102) forms with soluble boratfs, a yellow precipitate 
of rliodre oxide, EhO®, eoiit.iining tlie whole of the metal. A simihar reaction is pro- 
duced hy tnsodia plmphate and hy a/kalim carbonates, but part of the rhodium then 
ivin.nns m the solution, giving it a yellow colour. (Clans, Jahresb. 18G3, p. fi97 ) 
Estimatton and Separation. 

Khodium is estimated in the metallic state The solution containing it is mixed, 
with excess of sodio carbonate and evaporated to dryness, the residue ignited, and the 
ealeined mass treated with cold water; oxide of rhodium then remains, and maybe 
rediieeil by hydrogen. 

llhodium IS separated from many metals wth which it may ho alloyed, by fusing the 
alloy uith iioid sulphate of potassium , the rhodium is thereby converted into sulphate 
of rhodium and potassium, which may bo dissolved out by wator. 

The separation of rhodium from other metals in solution is somewhat difflcult, 
because it is not oomplotely precipitated by snlphydrie acid To sopariito rhodium 
from copper, llie solution is saturated with .sulphydrie acid and left to stand iii a 
stojiperod bottle for twelve hours, then filtered, and the filtrate heated to separate an 
luhiitieiuil portion of sulpludo of rhodium The whole of the precipitate is then 
roasted in a platinum cvneiblo till the sulphides arc completely oxidised, and the pto- 
iluet (ve.ited with strong hydrochloric acid, which dissolves the copper and leaves the 
i)\ul( of rhuilnim 'J'lui liquid filtered from the snlphydrie acid precipitate still contains 
11 small poition of rhoilinm, which may bo precipitiitedby carbonnleof sodium, .ludcou- 
vi'iind lull) oxide us above. Tlie whole of tho oxide is then reduced bydiydrogon 

To Hi'|iarate rliodiiiiii Irom iron, tho rliodmin is precipitated as completely as possible 
by hiilpliydrie acid; tho liquid filtered, and the men in tho filtrate precipitated byam- 
ii'ioniii, after liaviiig been brought to the state of feme oxide Tho iron-preeipitiita 
e.irries down witli it a certain portion of rhodium, which m.iy ha soparatod hy igniting 
I lie precipitate m a current of hydrogen, and trcnting tho reduced inctals with liydro- 
tiilurie acid, wlucli dissolves the iron and leaves tho rhodium; tho hitter is then con- 
V erteil into oxide by ignition iu the air The precipitated sulphide of rhodium is liko- 
M isi’ oxidised by roasting. The siniill quantity of rhodium wliich remains iii solution 
after precipitation by ammonia is precipitated by carbonate of sodium, and converted 
into oxide by ignition. Tho whole of tho oxido of rhodium is then reduced to tho 
iiiel.illio state by hydrogen. 

Tlie sepai'ntion of ihodiiiui from the alkah-metals is easily effected hy coiiTorling the 
metals into ehlorides, and igniting tho chlorides in a current of hydrogen, which 
reiliieiiH only the oliloride of rhodium. 

'J'lie motliods of separating rhodium from tho other niot.ils of tho pUtinum-group 
have ulrc.idy lieen given (iv. 080 — 084). Tho insolubility of chlororhodhite of sodium 
111 uleoliol aftbi'ds 111 many cases a good mode of separation (p. 101) To supurate it 
ii'iiin iiidiam, Gibbs (.Taluvsb 1803, p 203) heats tho solution of tho two metals 
witli excess of nitrite and ciiiliou.ito ot sodium, till a light orange-yellow colour is 
produeLd ; adds sulphide of soiliiim hy small quantities, till the precipitate of rhodium 
.sulpludo bi'gins to redissolvo (p. 105); tlion boils for a few minutes, and mixes tlin 
holutniii when cold with .a slight e-vccss of hydrochloric acid The sulphide of rhodium 
tlieivby piveipitiited i.s washed witli cold water, dissolved in nitromuriatic acid, and the 
rhiHliuin IS ennverted, first into the doulilo chlonde SNII’DIEhCl’, then into the com- 
pound ONniBhCI''. (See further Gibbs, Jahresb 1804, p. 287, and Oarey Lea, 
tkil 201 ) 

Atomio weight of Bhoditini. — 3T46 grammes of chlororhodiate of potassium, 
2KG1 EUCl^ ho.itod in a current of hydrogen, were found by Berzelius (Pogg Ann 
xni i.'lo) to lose O'OSO grm chlorine, leaving a mixture of 0 912 grm of rhodium 
and 0 615 of potassniin-cliloride In another experiment, 1 3 grm of the salt lost 
O-TIG gnu ehlormo, leaving 0-358 grm, rhodium and 0-616 grm jiotassium-ehlcnde 
n'ho moan of thoso results gives for the atomic weight of rhoduiin, very nearly the 
niimboi- 104. 
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RHODItnU, OXIDES OP. Rhoamm forms four oxidoa, Iiaving tlio formulm 
EM, Eh’^O*, EhO“, and EhO« (Glaus.) 

Thaprotoxide^ EM, is formed, -with incandesconeo, -vplion the hydintod sosquiotide, 
EWO’.SffO, 18 heated m a platinum cruciblo. It is a dark-grey substunco, perfectly 
indifferent to aeida. 

The Sesquzoxzde or Rhodtc Oxide, EhW, obtained by heating the nitrate, is a 
grey porous maas, mth metallic iridescence ; maoluble in acids, easily reduced by 
hydrogen It forma two hydrates. 

The tnhydrabe or normal rliodio hydrate, Eh“0’.3H’0 or EhH®0’, is produced by 
precipitating a solution of chlororhodinte of sodium with potash, in prc.scnce of alcohol ; 
or, without the aid of alcohol, by heating the rliodnim-soliition with very strong 
potash-ley. It is gelatinous, shrinks to a Tory small hulk when dried, and is almost 
indifferent to ncids. Hydrochloric acid, however, dissolves a very small quantity of 
it, acquiring the fine rose-colour charactoristic of rhodic salts. 

The pmtahydrate, Eh“0’ 6H?0 or Ehn’O” H’O, is formed by treating a solution of 
clilororliodiatn of sodium with nqucoiia potash. It has ii lonioii-yellijw colour, and 
retains 3 or 4 per cent potash oven after washing. The motlior-liqiior has a yellow 
colour, and still retains rhodium. 

Rtoxide, EhOu— Obtained by fusing pulverised rhodium or the sesqiiioxiilc, witli 
lutre and potash, and digesting the fused mass with nitric acid, to dissolve oft’ tlio 
potash It is a dark-brown substance, uisoliible in acids. 

■Wlion olilorine is pmssed into a solution of rliodio pcntnliydratc, Eli'O' .'ill'O, a 
black-brown gelatinous preoipitato of the tnliydrate, Eh-'O MIII’O, is foiiiud at first, 
but tins compound gradually loses its gebilinoiis consistence, bocoims liglifir in 
colour, and is finally converted into a green hydrate of the dioxide, EliO-'.'ill (). 'riiii 
alkaline solution at tho same limn aciiiiircs .i ilcep Tiolcl-bliie colour — I'lio gn'cii 
hydrate treated svith hydroc'hlono acid dissolves, with evolution of chloniic, foriiiiiig a 
rose-coloured solution of tho sosqnichlorido 

2EhO» + SHCl = Eh'^CI’ + 4II-0 + Cl* 

Trioxide, EhO’. — ^Tliohhioallaihno solution above niciiliotied deposits, afiim a while, 
a blue powder, becoming green when dry, iiml yielding, wlion tre.ited willi jiilrie aenl, 
a blue flocouleut substance, consisting of the trioxidc, c.isily reduced to the giei ii dioxide. 
{Claus.) 

RBODIUItl, OXYGEN'-SAIiTS OF. These salts, iillaIngniiH ill eompoMlmii In 
the triolilondo, do not orystalliso very readily. Moreover, tlm only rliodie ox\gt ii-sallti 
that can ho obtainod pine, nro those winch ennt.iiii aeids eiipablo of expillmg nitiie 
acid from its eombinatmiis . hoeaiise, in order to olitaiii rliodic oxide free fiom jiolash, 
It must bo washed with water coutaimiig nitric acid, wlneli then umli i with the 
rhodio oxido. The weaker acids are not ciipable of vemovuig the whole of the pot.ish, 

Rhodie acetate, Eh'0*.3C'H«0’ 6H*0 = Eec.iifly i.iip.ii.d 

rhodie oxide dissolves in acetic iicid, forming an oraiigo-ycllow hiIuI ion, wliieli wleii 
evaporated over the watev-liath, leaves a transparent oraiige-yellow, aiuorplmns, imu- 
dcliqiiosccnt mass, soluble m water and in alcohol ; it always, howi vt r, rcl.iins 3 or 4 
per cent of potash. (Claus) 

Eh*O*.3N*0*.4ffO or (p°,7|0’.2H-’0~Thn yellow lijdmto of rhodie 
oxide dissolves very easily in nitric acid, and the solntion cvapor.ited oxer the w.ikr- 
imth loaves a gammy, very hygrusco]iio ninss, iiisolublo in alcohol The iiilrule when 
ignited leaves tho insohihlo se.squioxido 

Vlioephates , — Ehodic oxide dissolves parliallyin aqiieou.s phoNiiliorie acid fi,rmiiii> 
tho salt ElftO* 2P0‘ dlFO, very soluble m water, and precipituhhi hy alcoliol. Thu 
rcsiduG constitutes a hnsie phosphate. 

Sidphate, Eh*0*3S0’12H*0. or |jj^!)j"j|o".12n*0.-Y(llowkIi-wliite erjahiliins 
mass, haviiig a styptic and acid taste.— -When the mnlli<r-Iir|iioe of pofasMo-rhodio 
cyaiiido is boded for some time xvith strong sulplnirie arid, the liqmd lliVn ei,ip„i,(ied 
and tho rosiduo digcstod with water, a potassio-rhodic siiliilmto dissohes and iiiiutlo'r 
double .siilphute remains as a reddish-yellow ciystulliiio iiowder, eoiisihiing of 
(Claus). Tho same salt is fonnod when sulpihuriG acid is nddi d to a 
solution of chlororhodiate of potas.sium. (Berzelius ) 

MpWc,EhW.3SO=6H=0,orgrj,jo«~ (ho sulphate, but i„ white, 

soluble in water, insoluble in alcohol IVhen he,, ted it gixes oft sulphurous ,,ml 
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Bulpliiiric acids, and loaves on oxide of rhodivun. A compound of this salt ivith 
sulphite of potasBium, 3El*S0'',Bh'“(S0"^“.6H'0, may be obtained by treating a 
solution of chlororhodiato of potassium With excess of acid sulphite of potassium, first 
at ordinary tomperaturos, then for a long time at a higher temperature. 

RaODIUMC, STTliPHISES OP. Aprotosvlphide, BhS, is obtained by heating 
rhodium (Berzelius), or chlororhodiate of ammonium (Vauquelin), with sulphur; 
also hy heating the sesquisulphide in an atmosphere ot earhonie anhydride (Fellen- 
herg). It has a greyish-hluo colour and metallic lustre (Vanqnelin), and melts only 
at a very high temperature (^Berzelius). When heated in a current of dry chlorine, 
it is converted into the dioldoride. (Fellenherg, Pogg. Ann. i. 63 )» 

Sesjmsuljihide of Rhodium, Eh’S’, is obtained as a blaclc-hrown precipitate by the 
action of sulphydrie acid on a solution of an alkalmo chlororhodiate. 

RBOnXITlVt-COMPOUSritS, AMKOKI AC0.X1. Those componnds, discovered 
hy Claus {Reiircuie swr Gcsolnchte dcr PlaUnmetalle, Dorpat, 1864; Jahresb 1854, 
p, 309 , 1865, p, 433), are analogous to the ammoiiiaeal indium-compounds tin. 324). 
A dilute solution of the .iramoiunm-sult, SNH^Cl EhCP.jH’O, mixed with excess 
of animonia, assumes a lemon-yellow colour, and deposits a precipitate of rhodio 
liydriito ; and the filtered liqiud leaves on evaporation a light-yellow sahne residue, 
from which water extriiets Hul-ammoinao, leaving a yellow crystaUme powder, consisting 
of tlio iinimoiiio-triohlorKlo of rhodium, 6NH“RhCP, which may bo formulated ,ss 
oh/oruh' of dtayiinw-rhodto-inammcnum, N®[(NH')’Eli"'H'] CP, It may he purified 
liy dissolving it in lioiling aqueous ammonia, and ovapoiatmg the filtered solution 
over tlio wiitoi-hilth ; imd is deposited at a certain degree of concentration, in small 
Iriinspiiront prisms, trioluiio according to Clans, rhombic according to Koforatein 
(.Tahresh. 1860, p 421). It is sparingly soluble in water, insoluble in alcohol, soluble 
witliout decomposition m potash and in ammonia, slowly and imperfectly decomposed 
hy acids. When lieatod, it gives off ammoiuo, sal-ammoniac, and free nitrogen, and 
leaves metallic ihodium 

Tlin corresponding oxide, 10NII“.R-O", is obtained by digesting the ammonio- 
cliloricle witli i\ liter .iiid silver-oxidn, and evaporating the roaultiiig yellow solution in 
a v.u'uiim, it then reiitmiis in the solid state It dissoli os in acids, forming the cor- 
resiiomliiig iiminom.ited rhndiiim-siilts, and expels ammonia from sal-aramomnc — ^Tlio 
nirluinaie, ION I i ' Eli'T)-' 311-CO', is a white, strongly albilmo, saline mass, easily 
solutiln III water, iiisoluliln in alcohol — The Ttiiniie, 10Nn*.Rh’O“.3NW, is a neutral 
j elliiwihli-ivliilo s.ilt, which does not deeoinposo till heated above 160°. — j?ho sulphate, 
ION 11^ Eh-t)^ iilFiSO', forms ynllowish-white prismatic crystals, wluch do not decompose 
till lieiilod iiliovo 180° — 'S\m‘ oxnlute is also crystiillmo , the yifiosp/mfe was obtained 
only US n yelloiiisli gummy muss 

BKOBXUni>aoi.S. See EuonniM, Aluoys on (p 102). 

KHODIZITE. A mmeriil supposed to he a Hme-horueite, oe Erring in minute, 
inoiioiiiofrie, totruliodi'al crystals, on red tourmalines from the ieighhoiirhood of 
Miirsiiislc in Siberia. Hardness = 8 . Specifio gravity =.3-3 — 3 12 Tinges the 
blowpipe flame green above and red below, and finally rod throughout . hence its 
name (G. Eose, Hogg Ami, xxxiii. 253 ) 

BHOBIZOia'IC ACIB. This name is applied to two acids produced, under 
dift'erciiit circurastanees, from carhoxido of potassium (iv 896). Borzolnis and 
Wohler noticed that a red Bubst.inee is prodiieed by the action of water on the hhick 
niiissfoimediutlioprepai’iilion of potassium hy Brunner’s process (iv 693). L Gmolin 
toiiiid lli.if, the iiqiicoiis solution ot this suhstnneo yields croconato of pota.ssium whoa 
ev.iprii.ited 111 contact with the iiir, and inferred that it contains an acid different from 
ei’Oi'Oiiie .icid ndler, in 1837 (Ann Ch. Pharm. xxiv 1), examined this acid moro 
p.u'tieiil.irlv, and p.ivn it theiiiimo of rhodizonic acid. It was further examined by 
AV ernor (.T pr. C'liom. xin. 404), lint the experiments of these chemists did not deter- 
iiiliie tlio composition of tlio acid Brodie, in 1859 (Chem. Soc Q,n J. xii. 269), by 
trc.iling pure cnrlioxido of potissinm with anhydrous alcohol, obtained a red salt, 
G'"K"0“, which ho regarded as rhoilizonate of potassium, identical with that previously 
ohlaiiied by Holler and Werner On the other hand Will, m 1861 (Ann. Ch 
rliai-m exviii. 187), hy the analysis of several salts of the acid obtained in a similar 
manlier fiom tlio iiiipuro carboxido of potassium formed in Bio preparation of the 
iiiet.il, eoiiL'lnded that its composition is COI'O", or G'"H“0''-, and this result is con- 
firmed hy the oxpoiiinciits of Lorch (Ann. Ch. Pharm cxxiv 20), who has obtained 
liiudr/.onic acid in the fioe state hy decomposing the salts of ciivboxylio acid. C"'H*0‘“ 
(ill 100, iv. 296), with acids It appears thou that the name rliodizoiiic acid has been 
applied to two distinct, coiiiponnds It will bo convenient to designate the acid 
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originally oWamod by HiJler, and nmilyaed by 'Will and Lorcli, as a-rliodizonic, and 
th.at obtained by Brodie as jS-rbodieonio acid 

a-Jihodizonto acid^ G*ffO“ = ^^3^ |o“. — Thisaeidisformedfromeaf- 

bosylic acid by tba assumption of water CWO'" + 2H=0 => 2C“H<0“ (Lereh). 
When dried in a vacnmn it contains G“H“0' =. G’H*0“ H-0, and gives off 1 at. II-'O at 
100° The vacuum-dried acid forms colourles.s rhombic prisms, c.isily .soliiide 111 iiafor 
and in alcohol , the colourless' acid aqiieons solution becomes yellow or roseate when 
heated, and eoloiu-less agaid on coolii'ig. The erystels turn yellow and brown-red on 
exposure to the air, and nt 100°' black with loss of wator, at a higher tcmpcmtiire tlio 
acid decomposes, leaving a carbonaceous residue, and yielding a small rpi.iutdy of an 
acid sublimate. (Lereh) 

The a-rhodizpnntes .arc rod, and .ire produced from tlio liydrocailioxybitcs (111. 
189) and from carboxidc of potassium liy assumption of water and oxygen (Lcrcli), 
The poi<issti<.m-s<cl( is oht.iincd by trc.iting the "black mass" of tlio potassium pri'puia- 
tioii repeatedly with strong alcohol, thou with dilute alcohol, mixed tow.irds tliu end 
of tho process with a httlo acelic acid, and finally washing the rcsiiliie with ilihitc 
alcohol It is at first of an unctuous consistence and light yollowisli-red coloiir, but 
acquires a crimson colour hy exposure to tho air, and remains unallcrod iiflcr dr\ ing. 
It is insoluble in alcohol, dissolves slowly in ahout 150 pts of cold n.iter, nmeli mme 
easily in hot water, forming a noiitral reddisli-ycllow solution. (Will ) 

Ehodizonnte of potassium dried at ordin.iry tomiicratiiros has, uccording to Will's 
analysis, tho composition C“H-K-’0“H'0 , it gives off its w.iterut 120°— lliO-', leaiing 
the anhydrous salt C'HTC-'O" The hydrated salt is isomerie with iroeimulf of juit.is- 
Slum, C'lC’O" 2H-0, Init diiTcrs from the latter iii giving off only lialt as ninth u.ib r 
when hoiiti'd (11 111) — Tho ni'Utr.d solution se.irerly absnrbs any (ixjgeii fi.oii (ho 
air, but 1/ niixocl with free potash it quicklv tiuiis yelloH, .ibsin'bs ,1 eonsid, 1 
quantity of oxygon, and then Icinus on eiiiponition a mixfiiio of 1 l•llel.Il.lle .iinl ov d iin 
of potassium. Tlio erocoiiie acid is formed from the iliodi/onie .mil by iiililiiion ol (he 
elements of water Us formation does not, liowiver, lake plaic immedi.ili h , loil nnlv 
on evaporation Tlic oxalic acid, tho propiivUmi of which is not eomtaiit, ,iii]ii iii to 
be forniod, not from rhodizonic acid, but from ti brown snbsttmce niixid wuli ii ) v... 
biibly ,i product of tho oxidation of rnek-oil uuL completely rumim'd Item (ho " M,.. Iv 
mass ” by washing with alcohol (Will) 

Tlkidicoiintc of barium, 0"]PJ!ii"0"lI-0 (laeimm-dried), iHobtiiiiieil, hj pi'eisiiil.ilnig 

the pot.issuim-salt with eliloridii of hnimm, asa dark-ied priTipitiile, ulm h ms 

dfti'k-biwn when dried, acquires a greoiiisli-yellim liislrn hIiiui pi'essnl, anil git. s i.lf 

its water at 100° (Will) The LvyiWne .siW, (:'»11-I>b'()i-2II’() (mi is 

obtained, by prccipitntiiig the piUassnim-Kilt widi iieiUnd nci (a(iio( li.nl, us ,i liuiK-i,.! 
fioeeulont precipitate (the Bupcmiitmit liipnd acquiring an acid le.u (nm), u ha li In 1 lain s 
blue-black when dry, and gives off Us utiter nt 1(10"— 120° (Will) l.creli, lo i.i, ei- 
pitatmg the aqueous .icid with noiitr.d ncotuto of lead, uliduneil a daik-i. d I'.mie ie.id- 
eolt, C‘'’HWO"'.2PbI7»Ol— The tmiiyiH/fe.vrtfi’, C''HAg“0". is.ipiuplc-ud pusnintali' 
metalbe-green nhon dry, slightly soliililo 111 wiilir. tWill.) 

^■Bhodieomo aad, C‘"II“0".— Tins arid is not kncmii m tlio free stale (i » , as 11 
hydrogen-salt) Its potassimn-mU, G'“lv"0'‘, discoi cred by Hrndie, 1 l■mallls iiiniis' nli 1 d 
whoa pine carhoxide of potassium is (roated until alisoliile alenhol (iv jt is 

distinguished from the n-rliodizoiiate by the groat f.icilUy with wliieli it absorbs i,xi,.|.ii 
on exposure to air and moistiiie, and is eonierteil into croeoii.ite of jiotassniia • * 

C">K»0» + H’O -t 0» = 2G“K'--0> I- 2KiIO(lir<,die). 

Tho a-rhodizonato is prob.ibly formed fiom it in a similar manlier by tlnj assuinnliiui 
of II larger quantity of water, thus . ‘ 

C'“K“0» + 3H’0 I 0» = 2C‘Il'Tf»0« + 211110; 
but this hitter reaction has not been actually obsorvt-d (Will) The emnersiun ih,, 
(E '^d croeomitc is not accompauitd by the forni.itiun ol nxalii' in id 

Euro ^-rJiodivonate of potassium dissolics with pale red eidmir m dibitti aeel le m nl 
and tho so ution yields, with acetete of hiiriiim, 11 Hlnniiig red piccipiUlo, winch muehlv 
changes ooloim, men during washing. (Erodio) , wim pim.iy 

BUOSOCHBOnix:. a variety of Kimiimoronto from tho Ural (iv, 770) 
i '“■f'joHiffo of mimganeso. (Reo Guiiumvii s, 
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mainly of silicate of maniraiioao. but eontaimng also irqn, maguesmm, ami calcutni. It 
Usually occurs raassico, but soraotimea in nionoclinic crystals, like uiigitc, haying the 
uiiglo ooP coP * 87°7', and exhibiting the faces ooP, coP oo, [ ooP oo], oP. Cleavage 
piiifect paitlllol to t»P, imperfect parallel to oP. HaydoesB = fi 6 to 6 6. Specific 
gravity = 34to368 It has a vitreous lustre, light browmsli-red or flesh-red colour, 
bomctiinoa gi'eeiiish or yellowish when impure, streak white. • Transparent to opaque. 
Practure conclioidal to uneven Brittle Molts to a black bead befoie the blowpipe, 
and gives conspicuously with fluxes the reactions of mang9,iieso. 

Anah/ses- a. Prom Langhansbyttaii in Sweden (Befzelins, Schw d xxi 254) — 
h. St. Marcel in Piedmont (Ebelm in, Ann Mni [4], vii 8)— o. Bustarmte, ivoiu the 
Heal Miiiaa de Potela, Mexico- a. byBnmas (Bidl. des sc. Nat. 1826, Oct. 163), 
/3. by Ebelmin {loc oii ) — d. Algeria rose.sied, gianiilar (Ebolmin) — e. Figs- 
hogiie, from the Pujsberg iroii-mino near Philipstadb in Werineland, Sweden ■ rose- 
red, speoiflo gravity = 3'63 (Igelstrom, J pr. Chem. xyui. 278.) 


Sibca .... 48 00 
Manganous oxide 49-04 
Lime .... 3 12 

PorrouB oxide . . . 

Magnesia . . . . Q-22 


100'38 


« p. 

46 37 48-60 60 67 

47 38 36-06 30-73 

6 48 14-67 16 46 

. . 0-81 1-31 

. . . . 0 73 

99-23 100 34 90-89 


Those analyses sho-w that — 
a. consists of 12 MnSiO’.OuSiO’ 

b „ „ 7 MiiSiO=.OaSiO» 

a „ „ 2 MiiSiOhCoSiO* 

d. „ „ 6 Mn8iO'',CaSiO»FnRiO».MgSiO> 

c. „ „ 24 MiiSiO''.OOuSiO“ 2PeSiO=MgSiO» 


46 49 46 48 

39 46 41 88 

4 06 8-13 

6 42 3 31 

2 60 0-91 

98-63 100 09 


Fowhnte, from Fraiikliii, New Jersey, whore it occurs with Fraiikhmte, is a orystal- 
lisi'd iiiiuig.uiuiis adu-atii resoinbliiig tho pirocediiig, but. likewise containing sine. 
iSpi-i-ilic gi-.ivily = 3 63 The folloivdng analyses — (t hy Hermann (.T pr Chem xlvii 
6), h by Jtaiiiinolsberg (Mmn (dchemte, p. 469) — lead to tho formula 7MnS;0“. 
2heSiO'. 2C.iyiO». MgSiO». ZuSiO» 

,SiO“ MnO ToO ZnO CaO MgO Ignliiom 

a. 40-18 31-62 7 23 6 86 4 50 3 09 1 00 = 9967 

b. 40-70 31-20 8 36 6 10 6 30 2-81 0 28 = 100 74 

M-anganons silicate is often mixed with manganous carbonate, manganous oxide, or 

qnartx, as in the several varieties of siliceous maiiganose from Ellimgorode in tho Hartz, 
known as AUugite, I’hotixite, Corneous Manganese, See. Bhodoiiito likewise becomes 
altered by tho tendency of manganous ox'ido to pass to a higher state of o.xidation, 
accompaiiiod by absorption of water, the red colour of the mineral cliiiiiging to brown 
or black, and indoflinta compounds or mixtures resulting, -wbieb may eoneist cither 
partly of silicates, or wholly of an oxide of manganese. Marcclme or HUonoliw from 
iSt Marcel is a minoi-al of this kind, .also SU atopnfe, a black ainoi-plioiia nimoral of 
s|ii‘i'iflc gravity 2 64, from tho Pajaberg mine in Phdipstiidt, in which Igelsti-om found 
36 43 per cent silica, 32 41 maiigiiiiio oxide, 10 37 feme oxide, 8 04 magnesia, and 

fPor analyses of the, so indefinite varieties of siliceous manganeso, seo Eaiumcla- 
borg'a Mtneuikhemm, pp 460 — 402.] 

BHOBOPHTTXiIiITE. Syn. with EiionocnnoME. 

RHOBOTABrmC ACID, or RKODOXANTHIlsr. Tannic acid from the 
leaves of tho llliododendT^ ferruginewm. (K. Schwarz, Wioii. Aknd. Ber ix. 298 ; 
Gra. XV. 630.) 

RHOIHCB-SPAH. Syn. with Magnesite or native carbonate of magnesium 
(i. 787) 

RKTTBABB. Bhcum Many species of rliuhiirh — Rheum ^matum, Rh. uiidvla- 
turn, Rh immjiaaiiim, Rh. amtraXo, lih. hgbridum, &c. — grow -wild on tho high lands of 
Ceiil i.il Asia, and some of them are cnltiviitcd in vmnous parts of Europe The roots 
are miu-h used for llii-ir pui-gativo properties , several kinds occur in commerce, tho 
must cHt(-uniod being the Tnikey ihubarb. In tins country tho waved garden ilnibnrh, 
lihum amhfditio/i, and the l.ii-ge gar-don rlmharb, Jf/i hgbridum, arc mucli cnlLiviilod 
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for the soko of their ju'ipy atoms, which have a pionsant acid taste, mid tiro used fur 
making pastry The jaiee of the stems contains oxalic, citric, and malic aciilH, tlm latter 
Bometitneb in consideraMo quantity. Dossaigiios (.T Phacm [3] x\v. 2;i) obtained 
from a litre of the juice of Rh. compacium (after romoimg the oxalic acid by eliloi'idii 
of ealeiuitt), 16 grms of aeid calcic malato, Eh Bhapunlwuin, on the other hand, 
yielded only 7 goms. 

The root of rhubarb has been made the subject of numerous investigations, tho most 
important of which are those of Schlossborgcr and Doppmg (Ann, L'li. 
tharm 1. 196), and of De la Eue and Muller (Chem. See. Qii J, x 29fi). 
SddossbeTger and Doppmg found, m the alcoholic traeturo of rhubarb, a niimbir of 
substances, winch were ufterwards found also by Do la Eue and Muller in the de[iosit 
which separates from the tincture after long standing. These are —1, Chii/t-iiji/iiinio 
aoid, which separates to tho amount of about 4 per cent, from tho alcoholic deeoi lion 
of tho precipitate; 2 Eri/ihioritin, coiirmned iii the rnntlior-lnjiiiir et the ehryso- 
ph, line acid, and obt.iined from it by repealed proeipilation with ether and soliiliun in 
alcohol, 3. Phieoretin, the portion of the alcoholic decnctioiiwhieli is insoluble in i ilnr, 
and 4 Apofehn, in the portion of tho original deposit msohiblo m boiling alishol (Sen 
these BovoKil suhslancos ) By oxhaustiug tho pulverised loot with luii/i ne, or with 
light coal-tar oil, to extract the chrysophame aoid (which is the best modi oi [us [r.n mg 
that substanoo, i. 958), then distilling off the greater nnvt of the soli enl, pres-ing out 
tho liquid from the nearly solid rcsidiio, and lopeatid eolitlion in hut ben/i im, Di la 
Eue and Miiller likewise obtained a roddish-jellow crysUilliiie siibsi.me,,, hikhUh, 
insoluble in benzene (li. 486). 

Dor the oldei- investigations of rhubarb-TOot, which were made ehnlH willi lb, \i, w 
of exti’aetmg an active mcdiciiml princijile lioin it, Imt did not lead to my d, liinlu 
teii\x\t,see Uandm>tcrbucli (hr Ch(.imr,M 819 .‘iehlussherger and Dopi.iim nr, ol 
opinion that tho physiological action ol tho root cannot bu uUribntid to .ui,i on, ot i|., 
constituents in partioulor 

Tbo ash of tlio stems and leaves of rliubavb [wliat species ?■] lias b,','ii .in.ili '■,',1 l.\ 
Th, Eiohardson (Jahresb. 1847-48, Tatel 0 zii S. l()7t), iiith tin bjlloumb 
results .— " 





CnO MgO 
10 04 

3 1)5 O'tiO 


I'lfl' re"'I'()< N.it'l 

13 HI 3 77 HBI ,.i IHlIS 

auol 3.13 trine - lliUiu 


The stems [ftosb or tlry?] yielded 0-lipor cent,, and the leaves p, 
E Brandos (Jabrasb 1863, p. 5811 lias e.xmniiied the inorgame 
four kinds of rhubarb-root A Eiissian species gave 6-0!l iier ei ill 
ash , a Chinese species 8 22 water and 8 82 ash , mi elder Auslri.iii spe 
and 6 8 ash; a younger Austriuii species (both eiilUvalod atBiUt/J, 1 
6 64 ash. 

The ash from 100 pts. of tho dried roots contained 



Tip (Jahresb. 1854, p. 667) found in 100 parts of rliiibarb- 
(I. Eussian, II. Chinese, III Euot of llkriim piiliiuUtim, J\' « Ih 
the branch-roots of Eh mehilatum), the following quaiilitrs 


nil dri,,l at lil(l“ 
liip-i'uul, and l\'/( 
of ll•'h mid I'.ileie 


Ash . . 17-0 

CaCO® therein . 16'6 

RHUBARBARIC ACID.l 
RKUBARBABinr. $ 


II. 111. JV «. 

23 0 SO 1 1 0 

22 3 1-7 11 6 


Syu. with Cimv.siintVNto Acni. 


• Manyspociosofthisgomisaroicry rich in lamiie .111(1 \ih, 

in Ehus Cwmuu, Eh glabra, and Eh tgphuia, exists in all pints of the plimt T 
tannic neid of the sumachs, like gallotaiiuic acid, yields lmIIic acid »heii L iie.l «, 
sulphuric acid. (Stcnhousc.) ° ‘ 

The leaves of E7/. popfl7/r«a and Jf/i. oZaira contain a eoiisiderahl, ,mi,.l,iv .( „ 
malato of calcium Eh Mr/npmm o.x-i,des a yellow, emeli,., iii„gal„,. es,„ 
m rich in tannin. E/i. siicerdroira is s.v.d by srano author, lies to i„l,l i u - 
uccorihiig to others, this substanoo is piuiliieed by an mseci living on tli, pl.mi 
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The juice of thu leaves of Jihua Toxicodendron contains gallio acid (Aschoff). 
Khittel (Jahrosb. 1868, p. 630) found m these leaves, hostdes the usual plant- 
constituents, an iron-greening taunm and a volatile alkaloid, whioh is the poisonous 
principle. Bh. mnenata and Rh juglandifolm also contain poisonous principles. 

Rk mrnicifcra contains a jiiiee which hlaeltens m the air, and is used for the pre- 
paration of Japan- varnish ; the seeds contain a sebaceous oil. The milky juices of R/i 
2'ovicodaidron and Rh. venenata likewise blacken on exposure to the air. (Eoch- 
ledcr's Thjtochemie, pp 30, 31 ) 

The au'-dried leaves of Rh. Toxkodatidron yield, according to Khittel, 7‘30 per cent., 
the loaves dried at 100°, 7 91 per cent, ash, containing, in 100 pts. . 26'81 per cent. 

K-0, 0 01 Na^O, 21'69 OaO, 6 46 MgO. 0-49 A1*0”, 2 36 EoW, 1 64 Cl, 3 98 SO"*, 

11 67 P-0=, 6 88 SiO^, 18'43 CO® (= 99'11). 

The heart-wood of Rhua peniaxthyUum yiAda, according to Com ail le (J. Pharm. 
[3] xliii 209 , Juhresb 1863, p 618), 0-9 per cent, ash, containingm 100 pts • 0'26 

K'O and Na®0, 49 54 CaO. 0-27 MgO, 0-37 A1=0», 8 20 Po®0“, 0 14 Cl. 1-81 SO®, 

2 57 SiO«, and 36 66 CO®. 

RIcxH'El.AlDAinxnB. C'“H®“NO®— A product obtained by the action of 
aloolioho ummnnia on ricinelaidin It closely resembles olaidaimde, melts at 91° — 
93°, and solidities at 89°. (Eowney, Chom. Gaz. 1866, p 361.) 

RIClIirz:i.Ai'DIC acid. C'*H*^0®. Ralmio acid. (Bondet, Ann. Oh. 
Plmrin iv 16 — Playfair, titd.lx 322. — ^Bouis, Ann, Oh. Phys [3], xhv. 82 — Gin. 
xvii. 136 ) — An aoid laomerio with rioinoleio acid, produced by the action of nitrous 
acid on the latter , also by saponifying riciiiolauUn with caustic potash, salting out tho 
rctsiiltiiig soap, and decomposing it with hydrochloric acid. It crystalhses in tufts 
of whito silky needles, inolting at 60° (Bondet, Bonis), and solidifying to a crystal- 
line mass lit 48 8°. Eeddoiis litmus strongly; dissolves easily in alcohol and 
cllior, decomposes alkaline carbonates. Decomposed by distillation, and by heating 
w itli soda, in tlio siime manner as ncinoleie acid The ricinolaidates of the alkali- 
metahs are soluble in water — The hanmn-aalt, C“H““B.i''0*, obtained by precipitation, 
IS a wliitii powder unctuous lo the touch — Tlio adver-sedt, C'“H”AgO®, is a light white 
powder, soluble in ammonia, bill, lusolulilo in water, alcohol, and ethor, 

R/rnialaidufc of JClhi//, C®"n''“0“ = C'E’XO®!!*)©*, formed by tho action of hydro- 
eliloMC lu'id gas on an alcoholic solution of tho acid, i.s a crystalline mass, which molts 
ut 16°, dihbolvo.s slightly in cold, very freely in hot alcohol. (Playfair.) 

RIcmsiiAIDlia'. 0“II'-’0’?— A solid fatty body produced by tho action of 
nitric peroxide on castor-oil When purified by washing irith wiiU'r and crystallisation 
from alcohol, it forms small white nodules melting at 43° (Playfair), at 46° (Bouis), 
at 62°— 66° (Boudot) It solidifies slowly, after remaining pasty for a long time. 
It IS very soluble in alcohol and other. Caustic potash at tho boiling heat convorls it 
into glycerin and ricinelaidato of potassium Whon submitted to dry distillation, 
it behave,? like oastor-oil, yielding ii dark brown-red, spongy losidue, and a distillate 
of tmiantliol (Bortagnini, Ann Ch. Pharm Ixxxv 282); and if tho oenunthol he 
driven off by steam, there romiims a solid acid, containing 73 8 por cent carbon and 
11 21 hydrogen (Boms), With care tiio distillation maybe eontimiod to the end 
without formation of tho spongy residue, in which case a largo quantity of aorolein 
and solid hydrocarbons pass oier, whilst n little enrbon romiiins behind (Bouis). By 
distillation wi til excess otx>otaah, ricinelaidin yields oetylic alcohol, sebiito of potassium, 
and two otlior acids. (Boms.) 

RlCinriC ACID. A fatty acid, containing 73 6 por cent carbon, 9’9 hydrogen, 
and 16'6 oxygon, said by Biissy .and Lecanu to bo obtained, together with others, by 
the aapomfieation, and by tho distillation, of castor-oil. (.Gmelm’s ffandiook, xvii, 
140) 

RICIIflN'D. (Tiison, Chem. Soe J. xvii 195.)— An alkaloid contained in the 
seeds of tho castor-oil plant (Riemvs commwiia) llio seeds of Croton Ttglintn contain 
a similar or perhaps the snino base To prep.ire it, bruised castor-seeds are ex- 
hausted by repeated boiling with water, tho decoction is stixiuied, and, after separating 
tlio oil us completely as possible, evapiorated to an extract, which is boiled with 
alcohol and filtered After standing 24 hours, the tincture is separated from the 
deposited resiu, and the alcohol is distilled off Tho residue, on standing, deposits 
crystals of riciiiine, which are purified by roerystallisation from alcohol, with the help 
of charcoal 

Eicimiio forms colourless rectangular prisms and laminse, haring a slight tasto 
of hitter almonds, iiisoliihle in water, soluble in alcohol, noarfy insoluble in other and m 
bcnzpiio. Wlien Iieatod, it melts to n colourless liquid, which solidifies m crystalline 
needles. Sublimes unchanged betivooii two wiiteh-glassos Contains nitrogen. 
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RICINOLEAMIDE— EICINOLEIC ACID. 


When atrougl}' heated on platinum-foil, it buriiB with a luminous smoky flume. Dis- 
polyea in ml 0 / miriol without coloration , tlio solution is coloured green hy dirom.ito 
of potassium — Dissolves in mtru, aeiil without evolving red fumes, and 011 ov.apor.itioii 
leaves colom'less needles/ which turn wliite in water 

Kiemine la lusoluhle in laaicr . — ^It forms with lit/drochlonc and 11 cnnipniiiid, wliirli 
is decomposed by evaporating the solution — Its solution mixed with mcrci'fii l•/dnui/|', 
solidifies after some mmutes to a erystalhue mass of fine needles —Tiio hyiUdclilunc 
acid solution, when evaporated with chloride of ^atmum, yields oruugo-coloiiri'd ueta 
hadrons of the double salt 

RICIl!irOI.EAl)IXDB. C‘“H““NO“ = (Boullay, .T riiiirm [1] 

V 329 — Bouis, Ann Oh Phys. [3] xliv. 96.) — ^I’roducod by aiitiirafiiig an aleoliolie 
solution of eastor-oil with ammonia-gas, and leiiving it to st.iiid for tliree or four 
mouths, or heating it for a few days in a salt-h.ith. When purilied iiy i'r\ ■•t.dlibiil 1011 
from alcohol, it forms white eryslnllino needles, moiling at 66°, ,iiid hiiluliryiiig to .111 
opaque brittle mass. It is insoluhlo iii u.itor, soliihle 111 alcohol and cllicr, and is 
resolved by acids and alkalis into amiuoiii.i .uid rieiiioleie ueid. 

KZCIH'OX.BIC ACID. (Bussyaiid Lccaiui, .7, 

Pbarm. ziii. 70 — Saalmuller, Ann Oh. Pliiirm Ixlv, lOH — Svaiiborg and 
Kolmodin, J pr. Chem. xlv 431 — Bouis, Ann Oh Pliys [3] xliv 103, .and xKiii. 
99.— Peterson, Ann Oh Phtinn. exviii 69 — dm xvii. 131.)— A fitly acid prodnccil 
by saponifloation of oastor-oil niid of the oil of Jiitioidia C’uivai, 

PrefarutioH — Custor-oil is saponified with pot.usli or hoda-ley ; tho soap is sail'd 
out and decomposed by hydi-oclilorio acid, and tlio oily mixtiiro of iiniiohic .ii'id 
with a small quantity of solid f.itty .leids is cooled to -10° or -12° uitli ils 
volume of alcohol the solid acids then crjst.illihe out, uiid arc icinoiwl. Alicr 
driving off tho alcohol, the ricmoloio acid is digested \\ ith excess of Icad-nxiih , and llic 
lead-salt formed is dissolved m other, nnd decomiwd hy hydrochloric iieid anil u at 1 1 ' 
The ricinoleio acid, which is loft on evaporaling the otliercal laytr, is piiriflid li\ dis- 
solving it in aqueous ammonia, precipitating with ehloridu of barium, and cryNlallisiu'' 
the barium-salt from alcohol Prom the barium-salt tho acid is obtiimud by decoiii- 
positioii with aqueous liydrochlone acid. 

Prnpmties. — Eiemoleie acid is a palo wino-yellow syrupy oil, coloiirli'ss 111 lliin 
layers. Spocifie gravity, 0 91 at 16° Solidifies coiiiplotely, at — 6° to — 1(1 In a 
granular mass. Inodorous ll.is a very dis.igreeable, persistent, Imrsli I, isle it 
mixes in all proportions with .ileoliol and other. Tlio uleoliolic solulioii iiiei .111 acid 
reaction, and decomposes carbonates with offcrvc.sceueo 
Decompositions . — 1 Eicmoleic .leid, subjected to daslillatum. yields at, Hist a limpid 
and afterwards a thick and ropulsivc-smelliiig diatillate, free Iroin sibiicic .usd 
('Saalmuller) — 2. It does not absorb oxygen from Iho air, or even on long exiiosiiio 
to the gas, and docs not form cavhoiue acid (.Saiiliiiullev). — 3 It alr-oibs .1 lilUo 
sulphurous acid g.is, without becoming solid or otheni ISO altered. {iSaalmiiller ) 

4 By the di'y distillutioii of rieinoleates of the ulkiili-niel.ils, various pioilin fs are 
obtained, aooordiiig as Iho neutral salt is distilled iiloiie, or with ,111 escisa of 
alk.di 

a By cautiously distilling the neutral sodniiii-\alt until tho residue begins (0 fcirih 
up, a distillate of een.intliol (iv. 174) is obtained, tho rcsnluo eoiitaimiig (lie soilimu- 
salt of the same and that is formed by the dry distillation of e.istor-nil '1 h,, 
sodium-salt and tboglyecndo of iieinoleic acid are therefore decomposed la the s inni 
iniiimerbydiBtillatum(Stiidelev). Aecordmg to Bouis, tho neuliMl riciiiolcali s „t ih,. 
nlkali-inetals yield, hy dry distillation, octylic aldehydo (xiii, 1K7), mul a p. lalmr 

= C«B'"0 -t- C«’H'“0’ 


b. A mixture of potassie or sodic rieinnlcato with excess of the c.iustic 
up when heated, emitting an odour like that of iiiushrooms ; I him Ihielvi 11 
260° a largo quantity of hydrogen giis (no carbonic .iiiliydrido or gaseous 
and a volatile oil, and loines a white spongy rc.sidue, consist mg ot scli.ilc 
together with a neutral oil, which yields a white so.ip by snpomlieulioii, 
eryatala of palmitic acid when cooled (Bouis) Tho vol.ilile oil is a iioxlii 
eenauthyl with hoptylic or octylie alcohol, or both (S™ Anoinns, 1 i) 
AiConoL, lu. 116, OoTiLio A 1 .C 01101 ., iv 170) —According to B T Oh up 
Soo Qu J xviii 290), somcluncs the one, sometimes tlie otlo r nlcoliol e 
The same products !u-a obtained hy heating caatov-oil with ixcchs of 
(Bouis ) 

BiCiuolcates. — Eicliiolen- acid s moiiob'isii.jhi gem nil f.inmil.ior n- 
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or These suits are all soluble in alcohol, most of them’ also 

111 ether, and crystallisablo. They do not alter by keeping, or absorb oxygen from 
the mr 

The ianmn-sa/i, C™H“"Ba"0", prepared as above (p. 110), eryetalllses from alcohol 
m soft scales, slightly soluble in water. — The siroviimn-sdt, C"“Il““Sr"0“, obtained by 
precipitating the ammonium-salt with chloride of strpntium, crystalhses from alcohol ih 

small grains The calcium-salt, C’“H““Ga"0" (at 100°), prepared in like manner, forms 

scales, which melt at 80° to a yellow mass, bnttle and friable' after cooling. — The 
maynesiiim-salt, C“H.™Mg''0“, is very soluble m alcohol, and crystallises therefrom in 
slender needles. — The emc-salt forms small granules 
Lead-salt, C"“H““Pb''0“.— The acid heated with excess of lead-oxide IqSes 2 9 to 3 0 
per cent of water (1 at. = 3 02 per cent ), and forms a' solid compound, the ethereal 
solution of which, evaporated over oil of vitriol, leaves the lead-salt as a transparent 
crystalhno iiiiiss, melting at 100° to a light-brown viscid liquid, and solidifying 
to an easily pulverisablo mass. It is ■•’ory soluble in ether, dissolves in cold, 
and not much more freely in hot alcohol — ^By precipitating amiiioniaoalriciuoleio acid 
With neutral acetate of lead, a curdy precipitate of variable composition is obtamod 
(Saalnniller) 

Silvet'-salt, C'*H’’AgO’ — Nitrate of silver tlirows down from tho ammonium-salt a 
curdy precipitate, which, when treated with alcohol or ether, partially dissolves, but 
for tlio most part blackens and remains nndissolved. It softens at 100°, molts at higher 
temperatures to a black mass, and burns with evolution of disagreeably-smelling 
vapours , dissolves easily in hot alcohol, and shglitly in cold alcohol and ether 
llioinoleatc of Etliiil, = 0''H“(C-H")0*, is pi epared by passing hydro- 

eliloric acid gas into a solution of the acid in iibsolule alcoiiol, and purified by washiiig 
with water and oarhounte of sodium. It is a yellowish oil, which cannot be distilled 
wifiiout decomposition, (iiinalmuller ) 

RICZITO-iaAReARXTXC and RXCin-O.STZIARIO ACIRS. Names ap- 
plied by Biissy and Looanii to certain fitly acids of doubtful composition, obtained from 
c.istor-oil . probably mixtures of stoaricand palmitic acid. (See Casiob-oh., i. 815, also 
Gmchn's Hundhooh, xvii MO ) 

RIBIWAWWITB. ,9yn. with AntoPiUNu (i 132). 

RXWIHAWWS GREEN. Seo ConALT-oiiEEN (i 1067) 

RXOXilTE. A seleiiide of silver, ocoiirriiig in small lead-grey hexagonal tables, at 
Tosco in Mexico. Coiitiniis, according to Del Rio, 67 7 por eont. silver and 42 3 1 
seloiimin, whoiiou tho formula AgSo. Requires further examination. (Dana, ii. 
602 ) 

RIPIROXITB. A mineral resembling ehlorito in many respects, and nlbod to it 
ill clieinical composition It occurs in crystals commonly referred to the hexagonal 
system, with very distinct cleavage parallel to tho base Crystals from tho Tyrol 
exhibit the form of double six-suled pyramids, having the angles of the torimnal 
edges = 132°40', of tho hnsul edge.s = 106°30' (Dcsoloizoaux). According to 
later observations by Dosoloiaoaux (Ann Mm [6], xi 201), howover, tho crystals 
have two optic axes iiiolmed to one another at an angle of 20° . henco it would appear 
probable tli.it tho ininoral is moiiocliiiie, like ehlorito (i. 913) 

Itiirdncss =1—2 , Specific gravity = 278 — 2 OQ, Translucent to nearly trans- 
parent, with pearly lusLi'o and green colour, hut red across tho axis by tmiisinitted 
light. Streak uueolourcd or greenish. Lamm® flexible, not elastic Before tho 
blowpipe it behaves like chlorite. 

Anah/'tcs- c, 6. Ifroin Greiner in tho ZillerthaUv Kobell, Ann. Ch Phann. xl 244). 
— c OiimiiclKlagh, in Asia Minor (Smith, Ann Min p],xviii. 304) — rf. Mont dos Sept- 
Ij.icb, Diiuphind (Marigiiae, Anil Cli Phys [3], xiv 56) — e. Eauris, in the Pinzgau 
(v Koboll)— / St. Gotthardt (Varrentrapp, Pogg. Ann. xlviii 185 ). — g Prom 
tile snino (Eammolsberg, ibtd Ixxvii 414) — h. St. Christophe, D.iuphin^, 
(Marigiiae):— „ j, c a e j h 

Silica . . . 26 51 27 32 27 20 27-14 26 66 25 37 2512 26 88 

Alumina . . 21 81 20-69 18 62 19 19 18-90 18 49 22 26 17-61 

Porno oxide ... ... 1-09 

Perrons oxide 15 00 16 70* 23 21 24-76 28-lOt 28 79 23-11 29-76 
Magnesia. 22-83 24 89 17 64 16 78 1.5 03 17 08 17 41 13 84 

Water. . . 12-00 12-00 10 61 1160 10-69 8 96 10 70 11 33 

98 15 100-60 97 28 99-37 99-38 38 69 99 69 99 32 

• With 0 17 mangnnous oxide, 
t M Ith O'Cl ., 
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RISIGALLO— ROCCELLANILIDE. 


These results t „ _ _ _ 

numbois of atoms of ferrous oxide and magnesia being it 
in e. /. as 1 . 1, in g. as 6 ; 7, and m h. us 6 : fi. 

Bipidolite oeours also m Scotland. 

BISICAXiXiO. Syn. with Eealoab. 

RITTin'G'EilllTE. A -mineral Irora the Joachimsthal, occurring in small bl.ii'hish 
monoeliniB crystals, which behave before tho blowpipo like pyrargyrito Aeroulmg (o 
Breithaupt, it is identical -with xanthoeonc (j i> ) 

Rivtriillir. A niueilagmoiis biihstaiico obtained from a freshwater alga, Ktviihi 
tuherosa (Braconnot, Ann Gh. Bhys. [2] Ixx 200) 

ROBIIflC ACID. An acid existing, according to Eoiiibch (Tli'pcrt. rimrin 
[2] xxxix. 108), in tlio rootof tho false tieacui (Ituhima /iseudi"-" t/i 'I’l... ...i',,. ..r 

the root, evaporated to a syrup, and loft in a cool place, doposi 
robinate of ainmonmm. The fi ’ 
contact mtli absolute alcohol. 

BOBIM'IIN'. A yellow colouring matter oxistiiig, according to If iimmoll (N, Hr, 
Arch, xoiu 296), ill tho wood of Mubima pieticlacacut, ivom '*U\uh it is obtained by 
precipitating the aqueous decoction witli biisio acetate of load, and decomposing llio 
precipitate with sulphydrio acid 

ROBIMlwr, (Zwengor and Broiiko, Ann. Ch Pharm. Ruiml i. 

257 , Jabresb. 1861, p. 771, 1862, p. 498 )— A yellow siibstmico coiit.uinHl iii tin. 
blossoms of Submia pscudacacw. To prepare it, llio recently gathered tlowms am 
boiled in water, and the decoction is iigam boiled bi\ or eight liiins with iiesli tbiweis , 
it is then evaporated to a syrup, wliieii is ropc.itedly eOi.iusted with boiling .ileoliol i 
tho iilcoho! lb dibtilled off, and tho lesiduu is bot aside to eiystalliHO, the eryblals ,iro 
ptessed and washed with cold alcohol, to remoie tho greater p.irt of tlip niotlnu-bqinn', 
and dissolved in boiling water, and neutral acetate of lead is added to tho hulnlion, 
whereby foreign substances are precipitated, while tho robinin remaiiiH dissolM-d. 
Tiic filtrate is freed from lead liy sulpiiydric acid and ovaporated, and the rolanin 
IS purified by reorystnllisution from water 
Eobiinn thus prepared forms verydeliealo straw -yellow crystals, Inuing a somi wli it 
silky lustre, and coiitamuig 2G“H'"’0'“,UIP() Tlioy giio off their water (1 1' 1,1 per 
cent ) at 100°, leaving imhydrnna rolimin, which molts to a yellow Injuid at l!l6 ', and 
Bolulifles to an amorphous muss on cmdiiig .tidiydrons nibiiiin g.iye by aniiKhis 
60'98 per cent 0, and 6 61 H (eale. ,61 19 0,610 11,4871 0), llio Inihalo inun 
43'60 0 and a’33 H (calc. 43-79 0, 6 98 II, 60 23 0). 

Bohinin is neutral, tasteless in tho solid form, slightly styjilie in aqiieona solution 
Water and alcohol dissolve itsliglitly lu tho cold, more tn ely at tho boiling In-at ; it is 
insoluble in ether. It dissolves quickly in alkalis and ulk.dino earlioimtos, forming 
goIdcn-yellow solutions, the ainmoniacnl solution turns brown on sfaniimn '| bo 
aqueous solution does not precipitate motalhe salts , it coloiivs feme cliloridi dnik- 
hrown or greenish, hut doos not affect ferrous ehlando The alcoholie soinfum nreei- 
pitetes neutral and basic acetate of lead. It reduces ciipvie oxide in a boiling .dk.ihne 
solntion , IS not altered by emuism 

By dry distillation.Tobimn yioldsa - " ’ i .' quoreelm m ‘.nlntinn 

When heated above its melting point, i . • aiid a smell of bin nl 

sugar, and leaves charco.il It is doeomposod by coneontrated rtem'(«ii|i ,,,, 0 .’ 

bar facility by tho fuming acid), with formation of o\alic and ami a inllti m 

rX'nin^'^' splits up very re.idlly inloqni rtelin uml 

+ 2ii>o = c'»ii'"0“ + 2C"jr>=o»^t 

100 parts of crystallised robinin yield 37 90 parts of queicctiii, dried at 100’ (in e.il- 
etiiauon do 20 parts). ' * 

Kohinin-sugar does not crystallise, hut is obtained .as a sweet brown h\ run win. h 

acid, Mpther with toces of oxalic acid It reduces cuptate of putamum iii tlie eol.l 
does not undergo fermentation inth beor-yoast. ^ ' 

BOCCElIiAMrillDB, or Phengl-rooccllaMide, C®ir«N'0= = {C“l[’)= 1 Xi, _ 

IVhen roceellio acid is heated with execss of aniline to 180°— 200° - 
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from boil mg alcohol, with help of n iiimal chiireoal Roceellanilidfl thus obtained, forma 
beiuitiful colourlcsB lamiuiB, which melt to a colourlesa liquid at 63 3°, and aoluUfy 
partially at 62°. Neutral. At n aomewhat elevatod tomporature, it yields a colourlebs 
distillate, without any carbonaceous residue. It is insoluble in water, aqueous am- 
inomo, and hydrochloric acid , not coloured by hypochlorite of sodium. The aleollohe 
solution does not precipitate alcoholic neutr.il acetate of lead. 

ROCCBIililC ACID. = I 0«— a kind of fatty acid emstmg 

i n Soccella ttnctoHa and other species of the same genus ; also, according to Heoren, 
-ill Lccanora iartarea. It was discovered m 1830 by Hooron (Schw J hx 316), and 
has boon cxunimed by Liebig (Pogg Ann. xxi. 31), Schunck (Ann. Ch Phirin 
xxxviii. 469), and Hesse {ibid cxvn. 332) 

Fieparatiun — 1. Itoccdla tinitoria is exhausted with aqueous ammonia, the flltrate 
is precipitated by chloride of c.ileium ; the well-washed precipitate is decomposed by 
liydrochlono acid, and the acid thus Bep.ai'atcd is purified by solution in etiicr 
(lleeren) The liquid filtered from the roceellato of calcium retains erythric acid 
(li 602) in solution — 2 The lichen is freed from erylhric acid hy milk of hmo , the resnliio 
IS boiled with dilute hydrocblorie acid , the acid solution is removed , aud the residue 
warmed with dilute soda-loy Prom the greemsli-hrown solution, hydrochloric acid 
throws dotvn green flocks, whicli must ho suspended m water and treated for a short 
time witli ohlonno gufl, wliich chiefly removes the green suhstauces. The acid, after 
being treated with chlorine, is washed with water, and purifled by recrysfcalbsntiou 
from boiling alcohol, with help of animal charcoal (Hossc) The acid obtained by 
method 1 may also bo puiified in this manner, or bypassing chlorine into the alkaline 
solution (Hesse). — 3 The lichens are exhausted with other in a percolator; the ether 
IS distilled off, and the greenish-whito crystaUiue residue is dissolved in tlio smallest 
possible quantity of horux-solution, n portion then separating out us the liquid cools 
Tlio rest 13 precipitated by hydrochloric acid, and purified by re-solution in boiling 
aqueous borax, thou, together with the portion of acid first obtained, by rocrystHllisatmu 
from other, witli help of animal charcoal (Hesse). Sohnnek treats the lichen cx- 
Imustod with lioiliiig water, and thoreliy freed from erytliric acid [and pioroery thrin 
(ii, 603)J, witli boiling .ileohol, sopariiles the green flocks, which fall down ,vs tho 
tincture cools, aud evaporates the llltiiite to drjnoss Prom the residue, boiling water 
extraets a small quantity ot picrocrytbrm , the solution tlion prepared with cold 
alcohol doposils, on addition of .ilcoholio neutral acetate of lead, grooiiisli-whito flocks 
of roecellatii of loud, winch are decomposed hy nitric acid , and the acid thus sepa- 
rated IS purified hyreorystallisation from boiling alcohol, with help of animal cliarco.il. 

Propel —Hoceelho acid forms delicate, white, roctingnlar, fonr-sided plates, 
having a silvery lustre , from alcohol it sepavntos in short needles Melts at 132° to 
a eolourlcss liquid, wliich solidifios in the crystalhiio form at about 108°. At a tem- 
perature sumewlmt below 200°, a portion vol.itilisos, while another portion is eonvnrtod 
into an anhydride (Hosso). It is t.istcloss and scentless , tho alcoholic solution has an 
acid reaction. It is porfoetly insoluble in water, dissolves in 1'81 pt of hoihug alcohol 
of specific gravity 0'819, easily in ether (Heeroii), slightly in warm bemme. 
(Hosso.) 

Decompositions . — The acid heated to lietweon 220° and 280° gives off water, turns 
brown, and loaves roecedhe anhydride, C”H“0'‘ (Hesse) By dry distillation it yields 
shiu'p-tasliiig products snnil.ir to those obtiimed from the fat, s (lloorim) , aeeording 
to Hcluiuck, a distillate which solidifies in tho crystallmo form, inidiifler repe.iled dis- 
tillation, remains oily, leaving little or no rosuliie Boecflhc arid is Init little affeeted 
hy roiiguiils. It is not decomposed by bromine, siilphnrie acid, or liydrocldoiie acid, 
and IS hut slowly oxidised by boiling with hydrochloric acid and chlor.ite of potassium 
Wlion boiled for a long lime with fiminig nitric acid, it gives off volatile acids liavnig 
tho odour of butyric acid, 1ml dees not yield any crysUllisiiblo nou-vol.itile ucid.s. It 
is but sliglitly idtorod by fusion with hydrate of potassium; heated witli iiiiilino, it 
fonns roceollamlKlo (Hesse.) 

Eo CCD Hat os. — Hoccellic acid decomposes carbonates. Tho roecelhitcs of the 
allcidi-mot.ils arc seluhle ni w.itei , the oilier sails have for tlic most part the eoniposi- 
tioii 0'’ir'"M"Ok— The hantim-suH, C”H““B.i"0<, obtained by precipitiitiiig tho iim- 
moiiium-salt wnth chloride of barium, is a bulky white precipitate, soiiiewhat soluble m 
hulling water, insoluble in pure ideoliol, hut easily soluble in alcohol containing ac"' — 
acid.— Tho entowm-Wf, C'iH''"CirO*H'‘0,is a while ar ' ‘ ‘ 

oratlGO°,i ' ' ' ’ ’ 


pitate, which gives 

id docoinposos .at a higher temperature, givingoff iicrolei n 
m.u a „„inhustihle giis (ll'ea.se)-A basw lead-salt, 2C'HI“»Pb"0^ Pb"H»0' O, 
IS obtaiind hy precipitating alcoholic roccidlie acid with a warm alcoholic solution of 
neutral lead-aootalo, us a white powdor winch gives off a small quantity of water iit 


off 48 poi 
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100°, thon 3-8 per cent, at 125°, and molts at n higher tomporiitiiro (Hos.se) — Tlie 
silver-scdt, C'’H“Ag“0^ likewise obtained by precipitation, is ii white amorphous itiu'.ii, 
which turns grey on exposiiro to light. (Hesse ) 

Ethylio Boecellate, G»'H«0' = C”H®'(CTP)*0*, obtomcd by p.i3sing liydro- 
chlorio acid gas into a warm alcoholic solution of the acid, is a pale-yoUow oil, liiivuig 
a faint aromatic odour, lighter than water, insoluble in w.at6rand in .iqurous aVnmoniii, 
and not attacked either by aqueous or by alcoholic ammonia even .iftcr set ei.il inuntbs’ 
contact, or when heated to 118°, It is easily soluble in alcohol, less solulilo in otlu r. 
(Hesse.) 

ROCCEIiXilO ANHVSHIDE. C'’H>»0».— Obtained by hciiting roecclhe iicid 
to at least 220°, treating the fused brown mass with dilute socU-lcy, thin iigit.-ifmg it 
with ether, and evaporating the decanted otlioreid solution. It is a I’oloiirh ss or 
fmntly yoUow neutral oil, having a fatty odour, makes grease-spots on p.iper , di ssolvi s 
sparingly m cold, easily soluble in hot (daokol and in ctkei- Boiling mda-hii cunt orl s it 
into roecelho acid. The solution m warm fltiiWiTOtVi-roafcrmixodwitlihydroi’liloiic ni'iil, 
deposits white flocks, easily soluble in alcohol, and remaining, when the idcohol is 
evaporated, as a semicrystallino acid oil having a burning taste probably a nuxlure of 
roocelbe and rocceUnmie aeids. (Hesse.) 

BOCCEIiEIC EHHBR. (tad, «!«j).) 

ROCCEEIIOTIM. C'»H'»0’? (Stonhouso, Ann. Ch Phiirm, Ixviii Of) )-A 
orystallmo substance obtained, together with fl-orselhc acid (iv 233), from h'lHVilIu 
tmotona. To weparo it, the gelatinous mass olitained by jirocipihitiiig the liini'- 
extract of the lichen with hydroeliloric acid is boiled with alcohol, wlinn by thn fl- 
orseUio acid is transformed into ovselhnate of ethyl (iv 23(i), while tlio io.'|.|,lliiuii 
remains unaltered. The product is treated with boiling water, which dissoht s out all 
the ethylio orsoUmafo, loaviug the roccelhnin iindissolvod 

Eoccellinm erystaUisos from boiling alcohol m silky noodles, ue.irly insoluble in eol.l 
alcohol and ether. It gives by analysis 02 14—02 07 per cent aiiboii, ,ind 1 (i.i— PlKl 
hydrogen, the formula C'*H"’0’ requiring 0280,47 II, and 325 (J. It is easily 
dissolved by ammonia and the flxod alkalis: the solutions do dot hocome culoiireii on 
exposure to the air. It is not attacked by baryta or by boiling pnl.ish It does nut 
precipitate metallic solutions. Hot nitric acid converts it into oxalic lund. 


ROCHEEEB-SAET, Sodio-potOBsic tartrato. (Soo TAUTAiilo Aoiii.) 

ROCBXiA.Il'EXTE, Byn. With SunrEOTinE. 

SOOK-CORX. A variety of asbestos (i. 416). 

ROOK-CR.'S'eTA.Xi. Bure crystallised sihc,i. (See QttAim ) 

Mineral, A loose friable variety of limostoiio (iii. 

Rook-saIiT. See SoMUM, Chlomiid op. 

ROCR-so AP. A variety of bole. 

ROSMSRITS. A hydrated forroso-foiTic sulphate, oeemriiig on tho IlammelHl lerg 
near Goslor, in monoclimc crystals, accompanied and iiiterpenelriiti d by tenon i 
and feme sidphatea {Sammclsboi/s Mineralclu‘ime,^,202) ^ 

RtESsiiBRITE. A hydrated arsenate of m.igiie.siiiin, oceurriiig, tugetlier willi 
pharmacolite and cobalt-bloom, in tho onpriferouB sli.ihi of Biher, near i inn, in, 1| limns 
thin fibrous or laminar plates, or dentiform and vermicular initsseH, .ipp.iii nllv eb , li- 
able in one direction ; hardness (of tlio unaltered imneriil) = 2 (o 3 Tmnili I to 

triiiisparont, colourless or white, with vitreous lustre. On exposure to f]ie .lu. u, 
becomes opnquo, dull, and less hard, Bpp.arfliitly from lo.ss of w.it. r lletoiv the i.luH- 
pipo It gives up its water and molts to a white enamel. HiHseUes e.isily m 1,1,1,,,. 

AinTi'fooffn’”’ ucenidingto Dellh, 1(1 10 


— A mineral, consisting esseiiti.illy of hydrated niiAiO-silieile 

‘“Sethor with conarite (hydrated niekel-phosphnte), m the Hiiuk-I 1, , ng 
BOUT Eottis, in tho Saxon Voigtland. It forms thick Icutipiiliir and weile, -alniiTul 
masses, sometimes woiglung several pounds , is of an enieiiad-green colour rarelv 
passing into apple-greon; usually dull and op.iqiic, hut translucent on tliu’eilees 
SkTrk’n l'''’>i°turo conclioi.l.il lu e,, l),y’ 

Stienk, daik applo-^ecn Hardness = 2 to 3. Specific gr.vvitv = 2 350 to 2 370 

A Wmokler found m lumps trim, shicont on tho edge^ ^ a ouu t, 2,),0 
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NiO CoO CuO Fe’O^Al^O” SiO» PW As’O' SO» H*0 

35 87 0 67 0 40 0-81 i 88 39-16 2 70 0-80 tmee 11 17 = 96-65 
Hpiico the mineral appears to consist essentially of 3(3Ni"0 SiO’).4H®0. (Breithaupt, 
Jalii-esh 1859, p 791.) 

KOnCAn-ZOVXXE. A hrownish lime-gamct from Kimito m Pinland. 

ROnXEIia-E, or ROMEITE. A mineral fonnd at St Marcel in Piedmont, in 
groups of minute crystals in the ganguo wliich aceompames manganese. The crystals 
aie dimetrie octahedrons, having the basal angle = 110° 60—111° 20', and the angle 
over the summit 68° 10' — 69° 10' (DufrOnoy). It scratches glass Speciflo 
gravity in gr.iins = 4-714, in powder = 4 676 Colour, hyacinth or honey-yellow, 
Cout.iins 16 82 per cent, oicygen, 62 18 antimony, 1 31 iron, 1 21 manganous oxide, 
16 29 lime, 0 96 soluble silica, and 1 90 insoluble silica =99 67 (or 40-79 Sb^O*, 36 82 
Slj^O“, 1-70 PoO, 1 21 MuO), and may he represented by the formula 3M"O.SbWSb''0‘, 
(Dam our, Ann, Min. [8] xx. 247 , [5] m 179.) 

ROSAH'IIiIN'E. Amhne-red. See PmsN¥i.AMitni;s (iv 468). Nitrous acid con- 
verts It into rosolic acid (W anklyn and Caro, p 117.) 

H9/ilrocyan-rosunthne,Q^'R-'‘N' =■ C“H'"N“HOy (Hugo Miiller, Zeitachr. 
Ch Pharm 1800.) — A base produced by addition of the elements of hydrocyanic acid 
to rosamlino, analogous therefore in composition to hydrocyanJiarmalmo (in 8). It 
bus a groat i'eacmblanco to leucanihiie, the base formed from'rosanilmo by addition of 
hyclrogon (iii 674). It is prepared by treating a finely pnlvorisod rosamlmo-snlt with 
alcohol and oyaiudo of potassium (the latter being added in the proportion of about J, if 
acetate of rosaniline is used) ; the resulting yellowish white powder is washed on a 
filter with alcohol, then dissolved in dilute hydrocldoric acid , the solution is warmed 
and mixed with dilute alcohol, and the base is precipitated by ammonia, mixed with a 
little cyanide of potassium or hydrocyanic acid, in case the solution should still exhibit 
a red colour from imaltcrod rosiimline. A white or yellowisli-whito bulky precipitate 
IB thus obtained, which becomes ciystaUino after a while, and then quickly settles down. 
If it is coloured, it may bo piu-ified by resolution and roprocipitation, or tlie hydro- 
chloric acid solution may ho decolorised by treatment with animal charcoal 

Hydruoyan-i-osiimlino precipitated from the aqueous hydrochlorato by amraonui, 
forms a da.izliiig white opaqno crystalline powder From a warm alcoholic solution, it 
sep.u all's 111 small transparent monoelinie crystals, having a splendid diamond lustre. 
Alkalis added to a very dilute aqueous solution of one of Us salts, separate the huso 
cither as a milky turbidity «r a curdy pr(-cipit.ito resembling chloride of silver. It is 
]iermaiiont in Ihe dark, hut becomes rose-red on the surface when exposed to sunlight. 
It IS decomposed by fusion with potash, apparently with reproduction of rosanilmo. 

Hydrocyan-rosimilmo dissolves very easily in hydrocldoric, nitric, and sulphm-ic 
acids, forming colourless crystnllisablo salts. The kydroMurate separates from a very 
eonceiUratod solution, m largo apparently monoclinic crystals, permanent m the air, 
and vei-y solulile in alcoliol. The miraic and iulpliate are also very soluble, but more 
ilifflcult to crystallise, the solutions having ’ ip to gummy masses. 

The solution of the hydrochlorate is not of platinum, hut on 

evaporation, the chloroplatinatc separates as a heavy resinous body. A solution of 
liotassio ptoratu forms, oven in very dilute solutions of the salts, a yoUowftoeeulent pre- 
eipitato, which at a gentle heat oake-s together to a dark-yellow resin. 

ROSE, oili OP. A volatile oil, oxtr.icted chiefly in Persia, India, and the State 
of 'I'll ms, from suveral species of very odoriferous roses, especially Jiosa cmtifiiHa, H 
1{ mokchata. It is ii thick ycllowliquid, solidifying at low temperaiui'e.s to 
.1 liullnry muss of trunap.-iroiit, coloui-loss, shining lamina;, which does not liquefy eoni- 
phlely .ig.vin below 28°— 30°. Tho scent of the oil is very fragrant when much 
diluted, but 111 tho concentrated state it causes lieiidaeho. Tho oil is a mixture, m 
variable jiroportioiis, of a c.imphor or stearoptoiie, and an oxygenated oil which lues not 
been analysed, Speciflo gr.aiity of tho ei-ndo oil => 0 87 (Chardin, Ann Ch Pliarm 
vii 154); 0-8912 .it 16-5° (Gladstone. and Dale, Chem Soc Qn. J xra, 1). Index 
of refraction at 25° =. 1-4667 for tho line A, 1-4627 for D, 1 4835 for H. Molecular 
rot, dory power = 7°. (Gladstone and Dale ) 

Eoso-camphor is very shglitly solnhle lu alcohol, hut very freely in other and 
essential oils It forms laminss, molting at 35°, and boiling between 280° and 300°. 
It is a hydrocarbon having tho composition of ctlijilene (Sauasnre, Blanchet, and 
Sell). It IS soluble in caustic potash and aeeho acid , very slightly attacked by hydro- 
ehlonc and nitric acid. 

Oil of roses is often adulterated with oil of geranium. According to Gui hourt (.1 
Pliarm. xv. 346), tlio adulteration may ho detected, either by means ot strong kti/jihttrir 
lieu/, wliieli dues not impair tho purity and sweetness of rose-oil, hut developes lu 
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goraniiun-oil a strong disagreeaHo odour, ovon with Tory amiJlquantitios; or by 
the oil to iodine-vapour, which doos not alter tlio colour of rnse-oil, but ooIoiu-h i 
‘nium-oil a very deep brown; or by exposing it to nitrous and, winch colours iir 
deep yellow, and geranium-oil appile-greon. 

aoSIBIUB. Syn. with Eosanimnb (it. 468).— D. ,S. Price (Eep, Put To 
ISGO, p. 159; Jahresb 1869, p. 760) applies the term especially to tlie inl 
obtained by treating sulphate of aniline with peroxide of lend. 

BOBSIiITE, All arsenate of cobalt, occurring m small quantity, on quart 
Solineeberg ill Saxony, in trimetriu crystals, haimg the imglo kP , cep = 
oP : ? to = 158“ 2'. Cleavage distinct and bnlluint, p.U'.illel to CD I’co Il.iuliie 
3. Colour deep rose-red ^oyy, Dana’s Mtncialoriy, ii 417.) 


ROSBliliAir, or ROSITB. A viirietyof nnortliito, fiom Aker ill .Sndei'i: 
Sweden, having a rose-1 ltd colour and grnmilar stuieliira Winn heated, it gin 
water and liQComoB colourless, melts cusily before the blowpipe Coiitmiic, an in 
to Svanberg, 44’90 pier cent silie.i, 3160 alumina, 0 60 feme oxide, (11!) iii.iig 
oxide, 3'69 lime, 2 46 magnesia, G'63 piilash, and 6 63 waiter, {liummc/slu ij/i, . 
ralchenue, p 692.) 

’ROBWlAJtTT, OIIi OF. Obtained by distilling the fresh loaves mid (lowi 
Sosnianiws ajjioinntis with wutor. It is tiaiispareut, colourless or yillo«,ol sp 
gravity 0 88 to O’Ol (Zeller), 0 9080 at 16 6° (G ladsliitin ,ind E.iln) lloi 
166“ — 168“ (Kane); neutral, has a c.imphoroiis taste, and (ho odimi of the ] 
Indexof refraction at 16 5“ = 1‘4032 for A, 1 ll!88fi>rB, 1 18(i7fovll Cplii'.iliol, 
power => — 17° (Gl.vdstonc and Dale). Aeeordiiig to Lallem.iiid, on (he eoiu 
it IS doxtrorolatory 

Oil of loseraiiry IS bl.iclcoiied by strong suliiliiine nenl , (lie iiii .tiii'e ‘itiuabd 
lime yields the ealeium-snlt of a peeiib.ir .iciil( On v or dor belli The loi tdiie o( 
mary-oil and sulphuric acid yiolds liy dislill.il mii an ciii|iieeniii ilic oil (K 
losmanne) having the alliaceous odour of iiies.tileiie, a sjieeilie giMMli of (I 
boiling at 173°, and isoinerie witli tiirpeidine-oil (Her (tmi'lin's lUindlmiL', mi 3 
Aeoovding to Lull eni.iiid (Ann Cli Phys (fllliii l(lt), oil of loseiiinii ma 
separated by friiotionnl distillatioii into two oils, oin boiling .it l(l.j“, thi' otlu r In I 
200° and 210 °. — a The former is a mobile hjilroearboii, whieli (mns (he |tl,i 
polarisation to the left, it unites with hjiilroMoiK i(i id, (he eomliiH.iltim In mg .iKi 
with rise of temperature, and forms n eompouiid, W'lueli reiii.uiis liquid il li II to i 
but wlieii treated with nitric arid, yields aeoiisiileialdeqii.uilily of a eiysi.illnu In 
clilomte, apparently identical with liydroelilor.itu of liirpi iitiiie-oil, oriul'iln ml i ,iia| 
C'“H'®,H01 The same oil quickly absoibs moist oxjgi ii in siiiisliine, toimiio' 1 1 v 
which are similar to those prodiiceil m like manner from oil of turpentine, bid di- 1 1 
if subjected to the further action of oxygen, yielding a brown arid holnliie in w.di 
b The portion boiling between 200° ami 210° deposits, at low linqiei.itmi s, i 
quantity of camplior, resembling common eaiiiplior in all respiu't.s. exeepting (li 
has rather less dextrorotatory power An iiiUlitioiiul quantity of it may la ubl. 
by treating the mother-liquor with dilute nitric acid, 
l^OSEKTITB, Syn. with PtAaioNiTii. 
mtOSEO-CBBOIUCIC SAETS. Soo CmiOMtUM (i. 051). 
ROSBO-COBABTXC BAXT5. Soo ConAi.T-nAsns, AsuwoNurM, (i Kl.'iol 
Braun’s view of the eoiistitutioii of these and other iimmoiiiac.il cob.iU-eoniiioi 
see Ann. Ch. Pharm cxxxii, 33; Jaliresb 1801, p 273. 

ROSE QITARTZ. See Quabta (p 1). 
rosette-copper. See Copprn (ii. 33) 


ROSEWOOD, OIX OF. Oleum hqm rhodii — ^A volatile oil oiifiimi'd fn 
wood {Convolmdus scoparius), by distillation with water It is p.ile-yellow , so 
viscid, and consists, to about 4, of a hydrocarbon, C'"!!'", wbicli boils at 2 1 
smells like roses and sandalwood. Spoeilie gravity of the erude ml = (I 90(1 1 , 
Index of refraction at 17° = pl843 forA, 1 1903 for 1), 16113 for II 
rotatory power = —16“ (Gladstone and Bale) Eosewood-oll is sometm 
for adulterating oil of roses, wliieb thereby loses its buttery eoiisistoiico. 

ROSITB, Syn with Eosullan. 

ROSOXIC ACXS. A compound produced hj the oxidation of plicnol in i 
of alkalis It was discovered by Euiigo (Pugg. Ann xxxi To), ammigst tim 
obtained by trealiiig coal-tar oil with milk of liiue 'When llio miMuis. of 
rosolioaoid audbrmiolicacid(i 6S4),tliusobtanied,isdisfilledwilh w.iter j.ln no) 
over, and a pitchy residue is left, conlainiiig rosolie and briiiiolie aeid- ’ 'I'lus 
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diasolvecl in alcohol and mixed with milk of lime, yields a rose-coloured solution of 
calcic rosolate, and a brown precipitate of calcic brunolate. The solution evaporated 
to a hyrup, and mixed with a third of its volume of alcohol, deposits, after a few days, 
rose-coloured crystals of calcic rosolate, from which the rosolic acid may be separated 
by acetic aeid(li,ung6) To obtain the rosolic acid pure, the treatment with lime and 
alcohol, mid the decomposition of the caleiura-salt by acetic acid, must be repeated 
several •times; and finally, the alcoholic solution of the acid, which is still not quite free 
fi om lime, must be mixed with a little hydrochlone acid, and diluted with a large 
quantity of water' the roaohe acid then separates out pure (Hugo Muller, Chem. 
Soe Qu J, XI 1 see also Tachelnitz, J pr. Chom.lxa. 416 ; Jahresb. 1867, p. 447 .) 

Eoaolio acid is more easily prepared by heating phenol with certain metallic oxides 
in presence of an alkiih. B An gus Smith (Chem. Qaz. p. 20), obtained it by heating 
phenol mth soda and peroxide of mmiganese; hut it is difflenJt to freo the product 
from the niangiinato of sodium formed at tho same time. An easier process is that 
given by Jourdin (Bep. Chim app 111 217), who uses mercuiio oxide instead of 
niaiigiinic peio.xido Tlio action, winch takesplaee below 160°, is complete in about ten 
minutes, and the solution decanted from the reduced mereniy contains pure rosolate of 
sodium Bosolio acid is likewise produced, with evolution of hydrochloric acid, by 
lic.iliiig phonol with merouno clilovide (Jourdin), also, according to Sohutzen- 
1)01 ger and Sougeuwald (iv. 394), by heating di-iodophonol in contact with the 

Aooording to Wankly n and Caro, rosolic acid is closely related to rosanilino (iv.468), 
and may ho produced by adding a solution of a nitrite to any salt of rosanilino, and 
hoihiig tho Bolution During the boiling, a copious evolution of nitrogen occurs, and 
tlio I'usolic acid gradually separates out 111 tho form of a pitch, with a eantharidos-liks 
lustre. The reaction probably takes place by two stages, as follows . — 

+ SHNO* = C»(n'“N>)N» + OffO. 

C»“n“’H" + 4H=0 = G“n'»0< -t 3N» 

AzornsaiUline. Ilosolic odd 

llosolie acid is a dark-oolonvcd amorphous sulxstanco, having a greenish lustre, and 
T, ii'lding a ri'd powder, in thin films it exliihits a lod colour by transmitted light. It 
1 1 , 1 1 I 'H I ogelhei at about 00°, and niclts in boiling water to adark-green, nearly black hquid. 
ll IS not voliilile, and not easily comhiisLihle. It dissolves readily, -with hrowniah-j'cUow 
eiilmu', in alcohol and ether, also 111 phenol, in wood-creosote, m strong aeetio, hy- 
(liocliloi'ic, .ind Hulpluirio acids, and is not quite insolnhlo m water ; chloroform, benzene, 
anil siilplufie of carbon do not dissolve it (lingo Muller). Its composition has not 
lieni fixed with eertaiuty. According to the mean of Muller’s iinalyses, rosolic acid dried 
oier oil of vitriol contains 76*92 per cent, carbon and 6'83 hydrogen, agreeing nearly 
mill the oinpii'ioal formula C^H*'-0', which requires 76'27 C, 6'06 H, and 17 68 0. 
Angus iSniitli proposed tho formula C’Bi”0* (requiring 70 6 per cent, carbon), and 
Diisart (Blip. Clum. app 1 207), from his own analysis (not given), deduces the 
liiiimila C“II‘'0®, requiring 66't per cent, carbon. According to Wanklyn and Caro, 
the Iruo formula is piubably C-“1I'’0' (vid. sup ) 

Bosohe acid distilled over excess of sodii-limo yields phenol, a portion, however, 
Mitlermg further decomposition (Diisart) According to Wanklyn and Caro, it yields 
phenol by distillation per se It is easily attacked in alcoholic solution by ehlonno 
and hiomiiio, also liy mine aeid wimn heated, forming a light-yellow substance, which 
ilissolves 111 c.uiutic alkalis, hut not inth rod colour. It is not acted upon by a solution 
of giueose in caustic potimh (Miiiler), and is not decolorised by sulphurous acid 
( I ) a s .1 r t) AVlu'u boiled -Butli aniline and little benzoie acid, it forms a splendid and 
M'l'j perinaiieiit blue dj'o, tho reaction not being attended with evolution of ammonia, 
bat iqipai'oatly with separation of water, (Wanklyn and Caro.) 

Ihiwlalrt, — Bosohe acid is a very we.ik acid, we.ikor oven than carbonic acid. It 
uiiUi s Witli ainnioma, the fixed alk.ilis, and the alkaline earths, forming dark-red 
eumpomids, soUiblo in water and alcohol, .and very easily decomposed by exposure to 
light and air, being p.irtly converted into carbonates, and losing their colour.— Tho 
I'.u'iiuiie-ied solution of rosohe acid in alkalis is dccoloiised by boiling TVith zuie-powdcr, 
but tlio colour 13 restored by addition of ferricyanido of potassium. (Wanklyn and 

The caloium-salt sopiinites on carefully evaporating its solution in a vacuum over 
lime, as a granular or crystalline powder, which when pressed resembles earthamin. — 
Tho '»i(7^iiCiiM«(-t«W is tlio most stable of the rosolates The soluble rosolates do not 
form precipitates with tho salts of tfie heavy metals, not even with basic acetate of 
lead ; neither docs rosolic acid combine with alumina. (H, Muller ) 

■ Coramumeatiou from Prof. Wanklyn, 
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ROTHOrFKITE. A n.\mo of gurnet. 

ROTTXiBBA. The fruit of Bottiera Unctoiia, a tree growing in ull parts of Intliii, 
is covered with stellate haira and glands, which, when brushed off, form a brick-rod 
sandy powdor, used iu India as a dye, and lately lutroflucod mto medicino, under tlio 
name of Kamula, as a remedy for tapeworm. It has uu uroinatie odour, is but slowly 
wetted by water, and yields but little to boiling water, colouring it only a lailo-vellow, 
but allialine carbonates and caustic alkalis, especially the latter, extr.iet the colouring 
matter, forming deop red solutions The extract preiiarod with soda iinpaits to silk a 
fine and durable fiery-orange colour, without further udditioii or tho use of luorilnnts ; 
with cotton, on the other hand, it does not produce a gooil colour. The ii.ilui'.d dye- 
stuff contains 3 49 per cent, water, 73 19 rosiiioiis colouiing-matters, 7 34 iilbiimiumis 
substances, 7 14 cellnlo.se, .and 3 84 ash, besides small fpiantities of vol.itdc ml iiiiil a 
volatile colouring matter. (Tho liquid distilled from tho alcoholic extract has a ) el low 
colour, and the odour of tho original substance) Tho eoiieeuti.ited elhoieal < \tiai t 
of tho colouring matter deposits a yollow erystallincsiibstaiieo called (vid uif). 

The oxti'iict prepared with boiling alcohol deposits, on cooling, noii-erystiilluni llniKs 
of a suhsUincn having the composition of C!-"JI“‘0*. It may be obl.iinod, m aiiy roluiir- 
less, by repeated Bulution and separation , is spuvmgly holubUt in i tiler and in rold 
alcohol, msolublo in water, not precipit.itod by le.id- or silvor-Hnlls, Tlio aleolarlie 
solution aopariited from these flocks loaves a dark-red rc.sin, U^IP'O’, solnblc in .ill 
proportions in alcohol and ether, insoluble in water, melting at 100“, uml foriniiig u ith 
acetate of lead, iideop oraiige-colowcd prccipiUte of \.iri.d)lo composition (An dor son, 
Edinb. New Pluh Jourii. new series, i. 300 j Jahresb. 1853, p 009 ) 

G Loube, Jun (Vieiteljahrsehr pr Plmrm. ix. 321 , .Tulin sb. 1809, p 502) 1ms 
also examined the red colouring matter ot Uottlna tmeioua, but uith ii ry dilti is id 
[and doubtfiil] results, not having oven succeeded m prep.iniig tho erjsf.ilbbi d 
Bubstanoo xottlenn. Ho found in tho deep red powder 47 0 pi v cent. i'isim,iw 
Buhstimces, 19 7 of other constituonts extractable by solvents (oxfr.ietive iii.ilier, 
oxalic acid, albumin, iilniio acid, and inorganic salts), 7 7 ilbrin, iind 25 0 [insobiblej 
mineral substances. The resinous siibstanco oxtrucled by ellior ua.s rcsolvid by tii ,il- 
ment with cold iilcohol into two resins, ono easily solubb', the other spiusiigly snluble, 
in that liquid. Tho former, molting at 80°, eniil.uiis the hitler, melling ,it 

191°, contains C"H'*0“. Hotli are brittle, reddish-yellow, dissolve with tine reil eoluiir in 
cold potash-ley. iilkalino carbonates, and ammom.i, and are separated llierefumi by 
acids without alteration; they.aro not altered by boiling with dilute suljihmn. m.iil, 
but nitric acid decomposes them, with formation of oxalie. ueid. 'L'hu ash, .iiuimul mg to 
28 86 per cont. of tho red suhstanco, was found to eoiituiii 9 9 |)i r cent iiol.isli .mil sod i, 
0'2 magnesia, 4 1 lime, 0 7 manganic oxide, 8 6 ferric oxide, 1 2 sulnbbi sihi.i, 8,1 H in- 
soluble silica [it was probably mixed with sand], and traces of chlorine and snlpliiuse 


C"H"’0* (Anderson, loc. eit .) — This siibstuuoc separates 
from tho ethereal extract of the colouring matter of Tfo/t/ira /ineitHixi, m yellow silky 
crystals, which aro iusoluhlo in water, sparingly soluble lu void, inoro easily in boiling 
alcohol, melt when heated, and then doeomjioso. It dissolves in alkalis widi (iup 
red colour. Its oleohohe solution is not precipitated by aeetiito of h ,ul. With brnmnie 
it forms a oolourlosa substitution-product , with nitric acid, first a yellow n sin, ,tiid 
then oxalic acid; with cold coiieontrated sulphuric acid, a yollow solution, wlncli 
when heated hecomes darker and gives off Biilpluirons acid. 

ROVCOir. Syn with Aknotto (i. 307). 

tRTtBEB.BrHVI>llIC ACXD. The uiimo given by lieraeliiiH to tho eoiniioniid 
CWH'S’ or Cy“.2n'^S. (See Cvanookn, SDi.piiii)nATi;a op, ii. 285.) 

RVBEEEAN', An nltorcd biotito (iii. 1013), occurring lu sm.iU hexagonal fuuns, 
of a red colour, in a kind of wacko. (Dana, ii 226.) 

Eed tourmaline. 


BTTBERVTaRXC ACID. A yellow suhstanco existing, accouling to Koeh- 
leder (Ann. Oh Pharm Ixxx 321;_lxxxii. 205), in madder-root. To prij.nrn it, lint 
aqueous decoction of tho root IS precipitated by neutral iiectafo of leiul , flic isv'eiju- 
tato (which serves for tho preparation of alizarin and purpunn), m eolli'cted on a lilt, a • 
and the filtrate is mixed with basic acetate of lead, not in excess, winch throw s ilnw n ,i 
dark, flesh-coloured, nearly hriek-rod precipitate, cont.iming ruhorychrie and riibieliloric 
acids, with small quantities of citric and phosphoric utids. This preoipit.itn is sus- 
pended in water, and doeoinposed by sulphydiic acid , dim solution, einelly eonlaiiiinn 
ruhiehlone acid, is filtensl from tho sulphida of lead , and the ruberytline ,veul, w In, li 
remains attached to this lead-preciiiit.ite, is extaactod from it. after washing lui short 
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time, by boiling with aloobol. The aloohoUe Bolution evaporated to one-third, then 
mixed with water and a small quantity of baryta-water, deposits a scanty white preci- 
pitate , and the filtrate, treated with a larger quantity of baryta-water, yields ruberyth- 
rate of barium m dark cherry-red flocks. These are collected and dissolved in 
ddiite acetic acid ; and the solution is nearly neutraliaed with ammonia, and precipitated 
tiy basic acetate of lead, whereby a cmnabar-coloured lead-salt is obtained, whioh 
must be washed with ddute alcohol, and decomposed under alcohol by sulphydric acid. 
The liquid heated to the boding-point with the sulphide of lead, then filtered hot and 
evaporated, deposits light-ycUow crystals of mberythric acid, which may be purified 
by pressure and reorysUUisation from asmaUquantity of boilmg water. — 26lbs. madder 
yield 1 gramme of the acid ; Levantine more than European madder. 

Euberythrio acid forms yellow prisms having a silky lustre. It has a faint taste ; 
dissolves sparingly m cold, easily in hot water ; with gold-yellow colour in alcohol and 
ether, with blood-red colour m aqueous alknbs , forms red precipitates with baryta- 
water, witli alum-solution after addition of ammoma, and with basic acetate of lead, 
after addition of a little alcohol. Boiling aqueous ferric chloride dissolves it, forming 
a dark brown-red solution, which is precipitated by alcohol 
Euberythrio acid contains, according to Eochlcder’s analysis, 64 48 per cent, carbon 
and 5'16 hydrogen, agreeing nearly with the formula (eale. 64 64 0, 6 06 H, 

and 40 41 0), or with (calc 64‘64 0, 8 04 H, and 40 32 0). The percentage 

composition is nearly the same as that of ruhian (p. 123) , in fact, Kochleder regards 
nihian os merely impure mberythric acid Sohimek, on the contrary, did not find rah- 
eiythrio acid m madder, and is of opinion that, m tho preparation above described, 
products of tho decomposition of mhian must have been obtained. 

Euberythrio acid heated in aqueous solution with hydrochloric acid is resolved into 
alizarin and glucose. Tho reaction may be represented, according to Eoclileder, by 
either of the equations : 

C3«H«0“ = SO'oH'O’ + + 6ffO. 

Ruborythrlo Alizarin. Glucose. 


= 12C'«H'‘0“ + 8C“H«0'‘ + 9H’0. 


Tho aqueous solution boiled with alkalis also doposits alizarin on additiou of an acid. 
(Roohleder.) 

BTTBIA. See MAJinnit (iii. 740). 

XtUBIACIC Bcm. Anaeidproduced,aceordingto3ohunok(Ann.Oh.Pharm. 
Ixvi 201 , Ixxxvii. 344), by boiling rnbiacin or rubiafiu, or the brown flocks thrown 
down by hydrooblorio acid from spent madder-liquor, with ferric nitrate or oblondo. 
The resulting brown -red solution, mixed with hydi’ochloric acid, deposits brown flocks 
of impure rubiaoio acid, wIuoU may be purified by solution in boilmg aqueous carbonate 
of potassium, and repreoipitation with an acid It is alomon-yellow amorphous powder, 
slightly soluble m boiling water, and converted by snlpburie acid, first into rubiaoin, 
tlieu into rubiafiu. Contains, according to Sobunek, 67'6 per cent 0, 2'9 H. and 39 6 0, 
which he represents by tho formida or requiring 67‘0 C, 2 7H, 

and 40 3 0 Tho potassium-salt forms hrick-red needles or prisms, contammg 13-04 
per cent, potash, tho formula reqmring 12 68 per cent. 

BTTBIACIH'. Madder-orange. Krapp-orange. (Bunge, J. pr. Chem v. 367 ; 
Eohiquot, Ann. Ch.Phys Ixiii 311,Higgin, Pliil.Mag [3J xxxiii 232, Schunek, 
(imehn’s Handbook, xvt 47.) — A yellow, crystnUisahle ool'ourmg-mattor, discovered hy 
Eungo. It exists in madder-root, probably as a caleuim-eoinpound, from which it aepa- 
latcs as tlio extract turns sour It is also produced by tho action of allcaline hydro- 
sulpliatiis on rubiacio acid (Schunck), and by heating Higgins’ xanthin (q. v.) 
with strong sulphuric acid, and by the spontaneous decomposition of that substunoe 
wliidi takes place when an aqueous extract of madder is loft to itsolf. Euhiacin is 
found partly in the precipitate produced by acids in the docoetion of madder, partly m 
tlio residue left after exhausting the root witli water, and may ho obtained in tho piu-o 
state hy conversion into rubiacic acid and subsequent reduction of that compound, 
(Scluinek). It may also be prepared from the madder-liquor of the dye-hou.ses, hy 
mixing tho liquid with hydroAloric acid, treating the resulting precipitate with boil- 
ing .alcohol, rediSBolving the orange-yellow powder which separates on cooling, m boil- 
ing .alcohol, aud adding stannous oxide to the solution. The hot filtrate deposits 
rubiacin, on cooling, in splendid light-yellow plates and needles, having a strong red- 
dish-green lustre bko iodide of lead Wlien heated, it sublimes completely in yoUow 
so.iles (Sohunek) It is slightly soluble in hoibng water, more soluble in boibiig 
alcohol It coutauis 67 1 per cent, carbon and 4 0 hydrogen, whence Schnnek deduces 
(ho formula (calc 67 8 C, 3 9 H, 28 3 0). 
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Kubiuoin disBoIves in strong sulphuric acid, forming a yellow liquid, wliicli may ho 
heated without decomposition. Strong nitric acid attacks it at the boiling heat It 
dissolves in ferric chloride or nitrate, forming a brown solution, which on addition of 
an acid, turns yellow and deposits flocks of rubiaeie acid. It dissolves in alkalis, 
forming purple solntiona, from which acids throw down yellow flocks. The ammonuical 
solution forms dmgy-red precipitates with the chlorides of barium and calcium. 

Hydrate of aluminium introduced into an alcoholic solution of rubiacin acquirns an 
orange tint, and deeolonses the hquid. The alnmina-precipit.ate dissolves easily in 
caustic potash, forming a pnrplo solution. A piece of mordanted calico is sc.irccly 
coloured by rubiacin suspended in boihug water. (Schunck) 

RUBIAltZSr. C'“H"0“. (Schunck, PhihHag. [4:]v 410, 495;xii. 200,270.)— A 
body produced, together with glucose, by the action of allcalis on rubiaem (respecting 
its mode of formation, sec MiuinBii, lu 746) , idso m tho decomposition of rubiliydmn 
or rubidchydran by dilute hydrochloric or suliilinne acid. 

Preparaiion: 1. Wliou nibian is boiled for some tinio with eanstie soda, a prei'i])!- 
tate IS formed, consisting chiefly of the soda-compoimd of alizarin (i lit); and llin 
alkaline mothor-hquor, mixed with dilute snlphime acid and a largo qiiiiiitity of w.iter, 
deposits yellow flocks containing alizarin, rubiretiii, vcrantiii, and riihiiulin, wliihi 
glucose remains m solution The flocks are tvc.ded with hoduig alcohol, which dis- 
solves them, leaving only a brown substance formed from tlio sugar , and tho filtered 
liquid is treatedwith acetate of aluminium, whereby tho alunimii-compomid of aliziirin 
IS precipitated, together with a small quantity of voranfin 

The mother-hquor is then mixed with acetate of load, which tlirow.s down rulurctiii 
and verantin asabrownish-pnrple precipitate (soo EonmuTiN), while riibmdiii rc’iiiniii.s 
In .solution, stillmixed, however, with a bni.ill quantity of ruhirotin J!v prccijiitiiling 
the solution with a large quantity of water, dissolving the yellow flocks tlicreljy obtamed 
ill tlio exact quantity of boiling alcohol leqnired, and digesting with liydnilo of' lead 
(or stannous hydiato), the rnhiretin is removed, and tlio liot-filterod solutinn deposits 
rubiadin on cooling; an additional quantity of that Bubstaiice, but m an impure htiito, 
is obtamed by evaporating tho mother-liquor. This latter product may bo piirii'ied 
by siihlimation 

2 An aqueous solution of rnbihydran(p 131)ia hoilod withhydroehlorie or sulpluirio 
aoid till it becomes colourless, and no longer deposits yellow flocks or a brown resin. 
Those flooka are a mixture of rubmotm, vorantm, and rtihiailin, with a small qii.iiil ity of 
alizarin ; the alizarm maybe separated byaedateof ahuninuim, and then tlm riiljiiidiii, 
m the same manner as from tho mixture of those bodies obtained by tlio first uiuIIkhI. 

Enbiadm orystallises in yellow needles, or in roeUngular plates, which are suiiliiniilile, 
insoluble in water, more soluble in alcohol than rubiamn. Strong sulphuric iieul dis- 
solves it, with yellow colour, aqueous ammonia and earbomito of sodium dissolve it at 
tho boiling beat, with hlood-red colour It is precipitated by chloride of b.iriuiii, elilii- 
ride of oalaum, and cupric acetate, not by acetate of of lead, does not dissolve in I'crrie 
chloride 

Eubiadm gives by analysis 69'6 per cent carbon and fid hydrogen, whoneo Seliiiiiek 
deduces the formula (calc. 69-3 0, 4 7 H, and 26-0 0) It is more moliahlv 

CS'iP<0>“orC'»H»0». 

CMororuplaain, C'*H”C10‘ (Schunck, Phil. Mag [4] xii 270.)— Priidiieed Iiy 
boiling chlororuhian (p. 124), with dilute sulphurie or hydrochloneaeid. Tl, is iiisoluliln 
111 water, but soluble^ in alcohol, whoneo it crystallises in hro.id sliining needles or 
lamm»_ The alcoholic solution reddens litmus. Tho eorapoiiiid dissoh es in cmwiic 
soda with purple, and m alkalme carbonates with hlood-red colour. It gives by 
Iinatysis 60 6 to 61 7 C, 4-2 to 4 8 H, and 11 2 to 11 0 Cl, which Sehuiiek re|,ivs,.nts 
by the formula G^IP^CKP, requiiing 61 65 G, 3 86 H, 11 36 Cl, and 2:! It 0 'I'lm 
furiiiula C'“H '“CIO* requires 69 6 G, 4 n H. and 11-1 Cl An ainnmmaeal Holiitioii of 
elilororahiadin mixed wtth chlonde of barium, filtered from the flneks wliieh sep, irate 
dt first and loft to itself in a closed vessel, deposits long red needles, winch when dried 
at 100° contain 16-66 por cent Ba''0, and may ho reprcsenlod by tlie furiiiiilii 
C'"'H-'‘Ba Cl»0‘».2Ba"0. 


KTTBrADlPlisr, C>»£P'0*? (Selninck, J pr Chem. lix. 474.)-A compoi: 
formed, together with many others, by the fermentation of madder 
Erythrozym is added to aqueous mbian, and the liquid is allowed to stiiiid ii 
moderately warm place, until it has become tasteless and colourless, owing to the dei 
Bitlon of a brown jeUy If this deposit should not take placo in 24 hours, inoi-o erii 
lozym must ho added Or madder is stirred up with cold or warm wiitor, .nid left 
awarm place tillajollyis foimed In both eases tho mass is mixed with a little wiit 
and the jolly is collected on a filter and w,a6hud ivith a .small qn.iiitity of wnl. r 

lubhifiii, ruhiagui, and ruhiaiiipin, winch i 
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The mass ia well boiled with alcohol as long as the liquid acquires a yellow colour, 
and acetate of aluminium is added to the filtrate, whereby alizarin, veruntin, and 
rubiaflu are precipitated in combination with alumina, hut only partially. The whole 
is then filtered (for the further treatment of the precipitate, see below), and sulphurio 
acid and a large quantity of Water are added to the dark brownish-red filtrate, whereby 
the whole of the dissolved substances ore precipitated as a yellow powder, which, 
having been thoroughly washed with water, is redissolved in boiling alcohol, and 
mixed with excess of auetate of lead. The dark purple-red lead-precipitate, which is 
to be filtered boihng, contams ahzarin, rubiretm, verantiu, and riibiiiflu ; the dark- 
yellow filtrate, rubiagm and rubiadipin. 

On mixing this fllteate with a large quantity of water, a faintly orange-coloured 
preeipit.ite is formed, consisting of the lead-compounds of ruhiagin and ruhiadipin ; 
tins precipitate is to be collected and decomposed by boiling dilute sulphuric acid. 
The undissolved portion washed with water, then boiled with alcohol, yields to the 
lattor, rubiagm and rubiadipin, both of which remain, after evaporation of the alcohol, 
ns a soft, dark-brown, fatty m.iss, and may bo separated by cold alcohol, which dis- 
solves chiefly the rubiadipin , the undissolved rubiagm may be purified by reorystalli- 
s.ition from hot alcohol. 

Rubiadipin is a semifluid, yellowiah-brown, fatty substance, which docs not harden 
oven when heated for a long time _ In boibng water it molts to oiljr drops, which rise 
to the surface. It is insoluble in water, soluble in alcohol and in alkalis, forming 
with the latter a blood-rod soapy liquid. The_ alcoholic solution forms, with neutral 
acetate of lead, a blood- red prooipitiito containing 31‘35 per cent, lead-oxide, whence 
Sclmnck deduces the formula 

12VBIAFllir. (Schunok, J pr. Chem. lix. 465 )— A compoiiud 

isomerio with rubiadin, produced, •as already mentioned, in the fermentation of 
riibiau The lead-prooipitato, containing alizarin, rubiretm, verontin, and rubiafin, 
obtained as described in the preceding article, is decomposed by boihng hydrochloric 
acid; and the precipitated yellow flukes arc washed and covered with cold alcohol, 
which extracts rubiretm, leaving alizarin, rubiafin, and yorantm. On the other hand, 
tlic ahovo-mciitionod precipitate produeod by acetate of aluimninm, is decomposed by 
hrjiliiig liyilroclilurio acid, wlieroby orange flakes nro separated, and these are added to 
tliii residue of alizarin, rubiafin, and vcrnntin, which was left undissolved by eold 
iili'oliol, and tlie whole is subjected to tho following treatment: — ^Tho inixturo is 
dissolved iii boiling iilcobol .iiid mixed with iicotiito of copper, whicli forms a purple 
piueipit.itc ooiitaiiiiug rubuiflto and vorantite, with a small quantity of alizarite of 
copper, wliilc alizarin aloiio remains in solution. Tho purple copper-preeipitiite, decoui- 
posed by hydroohlorio aeid, deposits insoluble red flakes, which, after washing, are 
dissolved m boiling ulcoliol, and treated with hydrated stannous oxido ; whereupon only 
ntbuifin romiims dissolved, and crystallises from tho filtrate in brilliant needles and 
liiminie, while veraiitiii, together witli a small quantity of alizarin, is precipitated as a 
slaiiiious oxulo lake (Schiinck). See ViiitAiraN. 

Ilubiaflii forma yellow shining plates and needles, sometimes star- or fan-shaped 
masses, which behave like rubinem when heated with water, sulphuric acid, nitric acid, 
neutral acetate of load, and cupric acetate, and likewise form ruhiueio acid when 
treated with feirio nitrate . in fact, rnhiiifin differs from rubiaoin only in composition. 
It contains, according to Schunek, 09*3 per cent, carbon and 4'0 hydrogen (calc. 09 3 
C, 17 H, and 26 0 0). 

atTBIAGIW. (Schunck, J. pr Chom. lix 471) — This is another of tho coni- 
jiouiids produced by tho fermentation of rubian I'or tho mode of propaniig it, see 
RiiiiiADiriif (p. 120). It forma small ^ ” ’ ’ ' r coneontneally grouped 

needles It is insoluble in boiling w Icohol more easily tlian 

riibiiidm or rubmniii, and with yellow , • which it crystallises on 

cooling Alkalis, baryta-water, and lime-w.itcr dissolve it with blood-red colour. It dis- 
solves in cold oil of vitriol, with dark hrown-red colour, and in boiling iiiti-ic acid, forming 
a yellow liquid, whiehdopositBshiningcrystalsas It cools. When boiled withforricchloride. 
it assumes a duiker colour, but does not become puiqile-brown, like mbinfln and rubiaein 
The alcoholic solution mixed with neutral acetate of lead turns yellow, and then 
throws down oi'.inge-coloiired grams, which dissolve sparingly in boiling alcohol, 
easily m an alcoholic solution of neutral lead-acotate. This property distinguishes 
rubiagm from riibinciii, rubiadiii, and rubiafin. With cupric acetate, the alcoholio 
solution of rubiagm foims au oiange-eoloured prceipitato. 

The eoinposition of nibiagiii is very unoortam, ns it has not been obtained pure. 
Schunck found it to contain 68 10 per cent 0 and 5T4 H. The formula 0'“II“0'’, 
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•ffliicli requires 67'12 0, 4-89 H, and 27-99 0, would explain its formation from rukun, 
as follows : — 

+ 2H»0 = + 2C"H>20«. 

KubiBii. Biublagm. GluooBe 

RUBIAIT. — A glueoBide exiatmg in madder-root, and yielding, under 

the influence of acids, alkalis, or erythrozym (madder-ferment) — on the one hand, 
glucose, and on the other, alizarin, together with rnbiretin, yerantin, and otlior products, 
rarying according to the nature of the decomposing compound It was discorerod by 
Schunck m 1847. (For references to his memoirs, see Gmehn’a Handboolc, xn. 32.) 

Freparation . — It is difficult to obtain this substance pure, inasmuch as it alters 
very qiucldy, and does not precipitate any metallic solution excepting basic acotiito of 
lead, which when added to madder-extract, throws down other siibst.mcos at the same 
time. The best results are obtained by talcing advantage of the groat affinity of 
rubiaii for poious bodies, especially for animal charcoal. 

One pound of Avignon-raadder is exhausted on a cloth strainer, by jiouring four or 
five quarts of boding water upon it , the dark ycliowisli-brown, still hot flltriito is 
mixed with an ounce of bone-charcoal, stirred, and loft to settle ; tlio still brown 
liquid 13 docimted; and the residue is collected and washed with cold water, till tlio liquid 
which runs off becomes green when boiled with hydrochloric acid (from tho presence 
of ohloroganm) The washed bono-charoal, if boded -with alcoliol, as long as it 
colours the bquid yellow, yields to it the rubian which it has carried down ; and on 
evaporating the alcoholic solution, tho rubian is left behind, but still impuro, contain- 
ing oldorogomn. To remove the latter, the impure rubian, obtained lu tlio maniUT 
just dosoribed, is again precipibited in the same manner on the previously used char- 
coal, which now takes up only the mhian, and ngam extracted by hulling alcohol, 
this series of opeiations being repeated a third time with the same hono-oharcoal, iii 
case the aloohohc solution stiU contains ohlorogcnin.*’ On evaporating the alcoliulio 
solutions, the rubian remains behind, stiU retaining a small quantity of a doconiposition- 
prodiict formed by tho action of heat. This is separated, eitlicr — a. By oiaporatiiig the 
greater part of tho alcohol, mixing tho solution when cold with dilute sulphuric ai-iil 
(which throws down the decomposition-product in brown resinous drops), roinoving tlio 
sulphuric acid by carbonate of lead, thou filtering, and ovaporatmg over tlin watcr-hal.h , 
01— b. By precipitating tho solution with neutral iiootato of lead, flltcrmg from the 
brown-red flocks Mhieb separate, and adding basic acetate of load, whereby a com- 
pound of rubian with lead-oxido is prneipilntod, which must ho washed with aleiiliul, 
and decomposed by sulphydric or dilute BuJphurio acid. In tho latter case, tho oxcesH 
of sulphiuso acid must ho removed, as in a. — Ouocwt. of madder yiolds 1,000 gi-ummes 
of rubian. 

Tho following process servp.3 at the same time for the preparation of alizarin, 
rubiaeiu, rubiretin, andverantin — Coarsely pulverised madder-root i.s well boiled witli 
water (llh. of tho root to 16 quarts of water) , tho liquid, after several hours' boiling, 
is strained through calico (tho residue, exhausted with water, still contains tilim-in anil 
ruhiacin) , and the liquid is preoipitated with dilute sulphuric (or liydrodilorie') aeid 
A tlark-hi'owii procipitato is thus obtained, which, whon separated by decantat ion and 
filtration, and freed from excess of acid by washing with a quantity of cold iiater just 
sufficient for the purpose (a larger quantity dissolvos ruhiacin), oontuiu.s suven siihstanci's, 
— viz. rubian, alizarin, ruhiacin, mhiretin, verantin, pectio aeid, and a dark-brew n 
product of tbo decomposition of extractive matters (Tim fllU-ato retains clilorogeiim 
and a small quantity of biigar) Tho procipitato, while still muist, is hniied with 
alcohol, as long ns tho alcohol acquires a yellow colour, and the iiqmd is filtered lint 
(In tho residue there remains poetic acid and oxidised extractive ni.itter) I'lie ilnrU- 
brown decoction, on ’ " g verantin as a daric-lirown rosinnus 

powder, which must . i Tho alcoholic solnl ion, after Iimiig 

again heated to the . id digested with rocoutly precipitin ed 

hydrafo of iilnmimum _ decolorised, wherohy alizarin, rubian, 

rnbiaoin, and part of tho rnhiretin andverantin aro precipitated, while imotlior portion 
of tho two List-mentionod substances reiniiins dissolved in alcohol 

o Separation of Altnann. — The alumina-precipitato, after being wn.shed wifli 
alcohol, is lidded to a concentrated boiling solution of potassio earhonnie, tho deeji 
red solution, containing all the other subsbinces, is filtu-ed from tlio nndisanived 
compound of alizarin and alumina ; this substance is repeatedly boiled with nqucinis 
potassic carbonate, till the liquid, which runs off on filtration, exhibits only a faint 
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purple colour ; the residue is decomposed by boiling hydrochloric acid; and the alizarin 
thus separated is crystallised from alcohol. 

/3. Of The deep red alkaline liquid, filtered from the compound of alizarin 

and alumina, stdl retains in solution, rubian, mbiacin, rubirotm, and verantin, which 
may all be precipitated by hydrochloric acid, then collected and washed with cold 
water, till the liquid which runs off ie ffee from aeid. As soon as this point is attiuncd, 
the rubian, which is insoluble in acidulated water, begins to dissolve in the pure water, 
imparting to that which runs off a yellow colour and bitter taste; so that at length it 
is completely disaolvod, and may be obtained us a yellow extract, by evaporating the 
filtrate. It atiU, however, retains poetic acid, which remains behind on dissolving the 
extract m alcohol, and &om 6 to 8 per cent, ash, fiiom which it cannot be separated 

7 . Of Eubiacin, Eubiretin, and, Verantin . — The residue left after the ruhiim has 
been washed out, is mixed with that which remams on evaporating the alcoholic 
liquid above mentioned, containing verantin and rubiretin, and the mixture is treated 
with a boiling solution of feme chloride or nitrate. Bubirctin and rubiaein then dis- 
solve (the latter partly as such, partly converted, with assumption of oxygen, into 
feme rubiaoate, p. 119), while verantin remains behmd in combination with feirie 
oxide. The deep red-brown solution la filtered after boding for some time, the 
residue is kept for the preparation of verantm ; the rubiaein, rubiacie iveid, and rubirotm 
are thrown down from the filtrate as a yellow precipitate, turning brown during 
washing , and this precipitate, while still moist, is dissolved in boiling alcohol, wbcli 
takes up the rubiaein and rubiretin, and deposits the former, on cooling, in small 
lemon-yellow crystals (The rubiacie oeid which remains in solution is purified in the 
manner already described, p. 119, — the crystiiUisod rnbmcm by converting it into 
rubiacie acid, from which it may bo again obtained ns rubiaein). By further evapora- 
tion of the alcohol, a mixture of rubiacm and rubiretin is obtained us a dark-brown- 
red residue, which, when boiled with water, deposits dark-brown drops of rubiretin, 
wlulst rubuioni remains suspended ns a bght powder, and maybe removed by decanta- 
tion, After boiling several times with water, as long as any yellow powder remains, 
and then decanting, rubirotm ultimately remains in the form of a dark red-hrown 

Properties — Bubian is a hard, dry, brittle, perfectly amorphous mass, resnmhling 
dried varnish or gum-arabio, not at all deliquescent, transparent, and deep yellow in 
tlim layers, dark-brown in thicker masses. It is very soluble in water, somewhat loss 
soluble in aloolwl, and insoluble m ether, winch precipitates it from the alooholio solu- 
tion m brown drops. The solutions are very bitter. 

Eubian dried at 100° (after deduction of 6’30 — 7'69 per cent ash, consisting chiofly 
of oalcio carboiiato), contains, according to Schunck, 64-8a per cent curboii, fl 57 
hydrogen, .ind 89 68 oxygen, whence he deduces the formula requiring 

66'08 0, 6'57 H, and 89'86 0 Tins formula serves to account for the eevoval trans- 
formations of rubian observed by Sehunek, supposing that the formulm assigned to the 
several products, alizarin, rubu'etm, rubiadin, &e , are correct. This, however, is very 
doubtful, espeei.vUy with regard to the most important and hest-deftnod of these 
products, VIZ alizarin, to which Schunck assigns tno formula representing 

its formation from rubian by the equation 

2C»H'»0‘ + 7ffO. 

Other chemists, however, represent alizarin by the formula which agrees 

nearly as well with the results of analysis, and gives a clearer view of the other 
chemical relations of alizarin, especially to phthalie acid (i. 114). Hoiico Gnrhardt 
(2'raitS, iii. 492) suggested for rubian (dried at 100°) the formula AffO, 

(requiring 65 87 0, 4'94 H, and 39 26 0), according to which the formation of ahzariii 
IS represented by the equation : 

+ H=0 == + C«H‘W 

It is not very easy to explain the formation of the other derivatives of rubian by 
Gorhardt’s formula, especially that of ruhianic acid , but, as already observed, the 
formulm assigned by Schunck to those compounds are very doubtful, many of them 
being founded on analyses evidently made upon impure preparations. The whole 
subject therefore requires further investigation. 

Pocomposvtions. — 1. Kubiau heated in a test-tube decomposes, and gives off water at 
130° ; at a higher temperature, it emits orango-eolonred vapours, chiefly consisting of 
abzarin, and leaves much charcoal. 

2. Heated on platiiium-foil, it molts, swells up, burns with flame, and leaves a 
mixture of charcoal and ash. 

3. Aqueous ruhian, evaporated by heat in contact with the air, deposits dork-hrowu 



124 


EUBIAN. 


resinous drops, fhe quantity of -whioh ina'eases on pouring water upon tlio rendne, and 
again evaporating. Tile drops of resin melt m boiling water, become brittle on cooling, 
yield, wbon heated, in a test-tube, a copious, yellow, transparent snblimato, reaombUng 
rubiacin, and behaving in a similar manner to ferric culoride, they are probably, 
therefore, a mixture of rubiretm and rubiacin 

4 ChloHno passed into aquoons rubian throws down yellow flocks of chlororubian, 
while glucose remains in solntion: 

+ 3H”0 + Cl“ = C«H='010“HCI + C“H'=0'’. 

Kublan. Hiilrochlorateot 

The continued action of the chlorine ultimately produces percblororubian. CMnride 
of lime converts rubian into pbthalate of calcium 

5, Aqueous rubian is not altered by cold uitnc amd, but at the boiling heat red 
fumes M'c evolved; and the nibiaii is completely converted into plitlialio acid, without 
formation of oxalic acid or any insoluble residue 

6 Oil of vitnol dissolves lubiau, with blood-rod colour, and blaekous it on boiling, 
with evolution of sulphurous acid. 

7. When aqueous rubian is boiled with dilute rndphuno or h/iwcMorio acid, the 
solution first becomes opalescent, and then deposits orange-coloured flocks, coiitmiiing 
alizarin, rubiretm, verantin, and mbiamn, while sugar remains in solution, [I'or the 
equations representing the formation of these products, see Madiibe, hi. 746.1 

8 In contact with aqueous allahs, alkaline cort/is, or the and caibmiutet »/ ike 
alkaline earth-metals, and air, rubian takes up oxygen, and is converted into rubmnie 
acid, rubiAoliydran, and rubihydran, — small quantities of acetic acid, mbindin, mid 
sugar boiiig formed at the same time. 

» E'oimation of riibi.mio .icid' 

+ 0’ = + 200’ + 2n'0 



Of rtibidehydran' 

+ H’O. 

7 . Of rubihydran 

CUbjisiom + 3H'0 = C”H«0'». 

9. Rubian boiled with excess of eaiisiu potash, or soda, di,ssolves with blood-ri d 
colour, changing to purple-ied , and by continiiod boding is comjdctely resolved u 


alimun, rubiretm, verantin, and rubiadin, winch <iro precipitablo by iiciils, and sug.u', 
which lemaiiis in solution The biune pirodiiets are formed, tliough more slowly, by 
boiling with caustic haiyia [MAWiiiit, ui. 718.] 


Ammonia coWa aqueous rubian blood-rod, but does not decompose it, even at tliu 
boding heat 

Magnesia colours aqueous mbian blood-red, tho eaibonatcs of calcium and b.iiiiini 
do nut act upon it ; alnimmc, feme, and cupiio hydrates extract iJl the rubuiii i'rmii 

. The alkaline solutions of rubian reduce gold salts, but not silver or copper-suits 
10 Rnjthro:ijm, added to an aqueous solution of rtibian, diffiisos itsi If tliioiigh' Ihn 
liquid without dissolnng, reiidernig it turbid and gummy, and coiiierlmg if, lUii.r 
st.indmg for some fimo in a moderately warm pl.iee, nilo a brown jolly, like euaLniliited 
blood, cuntaimng yellow striio and floclcs formed of long capillui'y crystals, till fliinlly 
(iiioi'o eiy tlirozym being added if neeesb.iry) the liquid becomes bistelcss and culouiii ss, 
mill a gebitiiiouB mass sepaiates, consisting of alizarin, vcrniitiii. riibiiotin, nilh.iliii! 
nilmigiii, and riibmdqmi (n, 748 ; v 120). Tlio solution retains sugar .iml pe, t„. 
acHl ihiniig the fornientitiuii, the liquid remains noatr.il, uoilhor absorbiiig nor 
giving on gases acceB.s of air is likewise unnecessary. 


Senvaiives of Jdubian, 

C7itororitti,B»,C“H®'OIOw. (Sebiinck, Phil Mag 14] xii 200 270 )— A ci 

“twn of *lon«e on aqueous rubian eo 
filtrate raeemtS madder is precipitated with neutral acetate of lead, the 

subdmri?3 M ‘ resulting red precipitate decomposed by 

ru SlvCtt! ^ eWorine gas passed into the flltr,ito The dirty yillmv floeks of 

senXJl^l' fib precipitated by the first .ictioii of the clilorine, .are 

cluif, Vfiltratiou; and the pure yellow flocks of elilorornbimi, im-eipitnlcd on 
iiimg the passage of the eliloimo, .u-o collected mid crystallised from hot iilcoliol. 
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AVhon crystallisfid from dilute iilcoMic solution, it forms light ornnge-yelluw 
needles, having a hitter taste ; prceipilntcd from concentrated alcoholic or hot aqueous 
solution, it forms granular amorphous spherules. It is iiButrul, dissolves with yellow 
colour in boiling water, also in alcohol, does not dyo mordanted tissues It gives by 
iiuiilysis Si 18 per rent G, 4'93 H, and 0 38 Cl, the formula requiring 60 02 C, 6 82 H, 
6 20 Cl, and 37 61 0. 

Chlonne-water gradually converts ehlororuhian into perohlororubian. By boiling 
d.ilnta sulplmno Qv hydrooMoric Mid, it is resolved into ohlororubiadin (p 120J 
and glucose. ^ G'«H*'C10< + C“H'W + 2ffO. 

With caustic soda it forms a blood-red solution, which .ifter being heated for some time 
deposits dork red-brown flocks of oxyrubian, while sugar and its products of 
decomposition, together with ver.iiitm, rubiretui, and rubiudin, remain m solution 

Oxyrubian, after boilingwith liydrochloric acid, washing with boiling .ileohol, .iiid 
drying, is a yellowisb-brown powder, which if free fiom chlorine, yields, when heated 
ill a test-tube, u yellow crysWlino sublimate, easily soluble iii alkalis. It is not 
iilterod by sulphide of ammonium, hut alkalis turn it red-brown It contains, 
according to Sohuiick, 70'7 0, 3 9 H, and 26'1 0, which may bo represented by tlie 
formula C“*B[“0“, its formation may take place according to the equation 
0«I["C10'» + NaHO = C^Hi'O" + NaCl + 7n-0 

Ferclilororuhian, C'"H'®C1'“0'''. (Srhunck, loo at ) — This eompoimd, rocryslal- 
lised from boiling alcohol, forms colourless transparent four-sided plates, having a 
splendid iridosceiioe It is neutral, sublimes in iiiieuceoiis scales when ciiiitioiisly 
heated, is insoluble in water, solublo m alcohol and ether, gives by analysis 37'06 0, 
T51 H, 44'40 01, the formula requiring 37’09 0, 1 26 II, 41 47 Cl, and IG'88 0. 

KtrBXAKriC ACID. C“H»"0”? (Sehiinok, Phil Mag [4J xii 200,270)— 
An acid, produced, togetlier with ruhihydi’aii and rubidehydi'iin, by the oxidation of 
rubiiin in contact with alkalis (iii 740) 

Preparaiton; 1. Fioni Rvbian — Uarboiiic acid gas is passed into a solution of 
rubiaii mixed with oxeoss of biuyta-water, till the baryta is eonverti'd into acid eai’- 
buiiiito, and tlio filtrate is left to stand in contact with tlio air The liquid, after aoiiio 
tunc, becomes covered with tliiii scarlet fllms, prosontuig a crysinlliiio appeuraiiee 
iiiidur the microscope (coiiipomuls of baryla with rabianic acid and rubideliyduiii), more 
of wliieli are obtaiuod after longer standing, and again on ovapnratiiig the liquid, 
fin, illy in the form of rod flocks, whilst riibiliydrau remains dissolved lu tlio biuwiiisli- 
yellow liquid (somotiiiiea also sugar resulting from a secondary decomposition) 'Tlio 
colloeLed films and flocks are decomposed with dilute sulpliiirie acid , the excess of 
tliiit iicul IB precipitated by eiirbonate of lead , tho precipitate is ropiatedly boiled with 
water, till it exhibits only a faint reddish tint (in which state it contains no impurity 
except a small quantity of riibuidm, produced by secondary decora’posiLioii), and tho 
sulution IS flltored and evaporated , a yellow-brown mass then remains, mixed with 
yellow needles, from which cold water extracts riibidobydran, looving rubmuio acid in 
the form of a yellow powder 'Tins product is washed with cold water, and reerys- 
tallised from boiling water, if necessary with aid of animal charcoal 

2 F/om Madder, without ptevious pn-cparatioH of Ruhtnn — ^E-xtract of madder pre- 
pared with liot water i.s precipitated with neutral iiectuto of lead, thou tho flltrute with 
basic acetate , and the latter precipitate, eont.uning rubiim and clilorogeiiui, is deeom- 
posod by cold dilute sulplmric iioid, digested with ciirboiute of load, and filtered 'The 
filtrate, treated with biiryta-water, then with carbonic acid, as m tho first method, 
deposits, after standing for some time in contact with tho air, ruhianiite of barium and 
the barium-compound of rubidehydran, to bo treated us m 1, while rubidehydran and 
ehlorogonin remain in solution 

Properties — Eiibianio acid forms lemon-yellow silky noodles ; m the impure state, 
granules and a crystalliuo mass. Tastes somewhat bitter Eeddens litmus. 

It gives by analysis 55'5 to 66 6 per cent G, and 6 t to 6 6 II, whonco Schunck 
deduces the formula (calc. 66 0 C, 6 2 H, 38 8 0) The formula C'"‘H.“0''‘ 

requires 66'1 C, 6 3 H, and 39'6 0. 

Eubianio acid dissolves more easily in hoihiig tlian in cold water , also in alcohol, but 
not in ether ; does not dyo mordanted fabrics It dissolves without decomposition 
111 hot aqueous phospTioi'io, acetic, oxahe, and taitano aoids Its salts are red, those 
of tho alkidi-mctah are easily soluble , tho rest are formed by precipitation. 

Eubianie acid when strongly heated yields a sublimate of alizarin, and a residue of 
charcoal; by boiling with dilute sulphuric acid it is resolved into alizarin and 
glucose . 

C=«H’»0‘< + 2IPO = C>*H“'0' 1- 2C"H'=0'- 
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BVSIAKrilf. A Ijody oMainerl, together witli alizarin, rnbirotin, and rorantin, 
by boiling aqueous rnbiau (or the extract of madder prepared with boiling water) with 
dilute sulphuric acid. Tho orange-yellow floclcs thereby deposited, which contain the 
four substances, are dissolved in boding alcohol, the reddnsh-yollow .solution is filtered 
boihng, and tho residue is boiled with fresh alcohol as long as the latter acquires a 
daik-yeUow colour. The yellow or brownnsh-yeUow crystalline mass left in tho residue 
is chiefly rubianin, which, however, may also be dissolved by frequent trentmoiit vnth 
boihng alcohol, whence it crystallises on cooling, as well as ft'om the first extracts. 
Tho solutions are left to cool, and the crystals of mbianin containing verantin aro 
separated from the mother-liquid (which, however, still contains a little rubiaiim), and 
dissolved m boihng alcohol ; the verantin is precipitated by acetate of lead, and tho 
filtrate is left to cool, whereupon it deposits crystals of rubiamn. (See fui’thor Gmelm’s 
ifnndiooA, XIV. 133, 134 ) 

Euhianin crystallises m lemon-yellow needles having a silky lustre, and lighter in 
colour than rubiaem It contains (at 100°) 67 0 per cent C and 6’42 H, whence 
Flehunck deduces the formula (requiring 68 0 C, 6 7 H, and 30 3 O. 

Gorhar dt (Tiaiti, m. 493) suggested the formula (alizarin) 

+ 2ff 0 (calc 67 1 C, 4 8 H). 

Eubiauin is more soluble in boiling water than riihmcin, loss soluble in alcohol than 
rubiretiu or verantin. Chlorine converts it into perehlororuhian (?). It dissolves witli 
yellow colour in cold oil of vitriol, and without decomposition in hot, strong, nitric 
acid. It 18 insoluhle in the cold m ammonia, carbonate of potassium, and o.arbonato 
of sodium, hut chsaolvas at the boding heat, forming a hlood-rcd solution, whence it 
crystallises after standing for some time — ^The omraoniaeal solution forms red preci- 
pitates ivith chloride of barium aud chloride of calcium. The alcoholic solution does 
not precipitate neutral acetate of le,id Euhianiii dissolves with dark-brown colour in 
a strong solution of feme chloride, without forming ruhiaoio acid. 

B,vbiciii>OB.ZC acxb. (Eoohledcr, Ann Ch. Pharra, Ixxx. 327 ; R. 
Schwarz, 86id bsxx 333, WilUgk, liid Ixxxii. 339 )— This acid, perhaps identical 
with Sohunok’s chlorogonin (i. 921), is contained, according to Eoohlcder, in the root, 
according to WiUigk, in the leaves, of Eulna iinctorim', also, according to vSchwarz, 
in the herb of Aaperula odorata, Galium mrum, and G. aparme. It is found in traces 
in the precipitate formed by neutral acetate of lead iii tho aqueous extracts of I lio 
plants just meutiQned; in somewhat larger quantity in tho precipitate produced lu tho 
filtrate by basic acetate of lead , and chiefly m tho precipitate thrown down by ammonia 
in the liquid flltorod from the preceding precipitates, and still containing load It is 
separated therefrom by snlphydrw aoid. (For the details of tho preparation, see 
Omchn’s Sandioole, xvi. 67.) 

Eubiohlorio acid is a colourless or slightly yellow mass, having no odour, hut a faint 
nauseous taste; easily soluble in water and alcohol, insoluble in other, eolomed 
yellow by alkalis, not pirecipitated by baryta-water Its lead-salt, obtained by preci- 
pitating the ammoniacal solution with neutral acetate of load, is a yellow transparent 
mass. The results obtained by its analysis are so discordant that it is useless to qnoto 
them. ^ The acid itself has not been analysed. 

Eubiehlorie aeid heated with hydrochloric acid turns blue, then green, and deposits 
dark-green flocks of chlorornhin, with simultaneous production of formic acid; 
perhaps thus ' — 

C'®|“0» = H- 2CHW + 2H?0. 


Chlororalilii. — This body is likewise produced by boiling chlorogonin with acids 
(Schuuck) According to_ lessen (Wien Akad Bor. xiv. 294), it is contained in 
Chinese yellow pods, the fruit of Gardenia grandtjiora, and may bo prepared therefrom 
by distilhug tho alcoholic decoction in a stream of carbonic anhydride, to remove Uio 
alcohol, passmg the bqiud through a wet filter to free it from oil, and treating tho 
filtrate with neutral aceUte of lead, which throws down colouring matters and t.innio 
acid. On gently warming tho filtrate with hydrochlorio acid and heating it to the 
boilmg-point, after removing tho brown flocks which soparato at first, ehlororuhin is 
deposited lu dark-gi'een flocks, which may be washed with water and dried in a 
vacuum It tJien forms a blue-green, grass-green, or black-green powder, containing 
variable quantities of water It is insoluble m water and in alcohol, but dissolves 
in alkalis, forming a blood-red solution, winch is turned green by acids. It gives by 
antdysis (a) 63 8 per cent. C, 6-0 M (Debus), (A) 68 6 C. 44 H (Eochlodor); 
(o) 61 17 C, 5 1 H (Schwarz), 

_ According to Eoehledev, nnhjclroiis ehloronibin contains C’H'O", and it is .isso- 
eiatod in a with } at., in A with J at , and in c with 2 at. wator According to v Orth 
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(Wien. Akiul. Bor. sdii. 510), it contains, after deduction of 6 9 per cent, ash, 74'8 0 
and 6 46 H, whence he deduces the formula C“H“"0". 

rUBIDEKVDBAN'. (Schuncl:, Phil. Mag [4] xii. 200.)— Ob- 

tauied in aqueone solution in tlie preparation of mhianic acid, and partly purified by 
evaporation, solution in cold water, and piecipitation with alcohol. It forme a reddish- 
yeUow, transparent, nou-dehqiiescent, bitter gum, yielding with water a yellowish solu- 
tion, from which it is not precipitated by any metidlic salt, except basic aoetato of lead. 
It gave by analysis 66 60 O' and 6 66 H, the above formula, which is that of rubian 
minus 1 at. water, requires 66'75 0, 6’40 H, and 38 87 0. 

RTTBIDHtrE. C’H'IN. (Q- Thenins, Edp. Ohim. app. iv. 181 ; Jahresb. 1861, 
p. 600.) — ^An organic base belon^'ng to the pyridine senes, C"II“"“''I4, and contained, 
together with several other members of that series, in coal-tar. The method adopted 
by Thonius for obtaining the.se bases from coal-tar oil, and separating them one from 
the other, is similar to that given by Grovillo Wilhams under Pioomnb (ly. 636); 
consisting in combining the bases with snlphune aeul, bborating them by caustic soda, 
dehydrating thorn with caustic potash, and separating them by fractional distillation, or 
by fi'aotional precipitation as platmum-salts. 

Eubidino, so called from the tendency of most of its salts to assume a reddish tint 
on exposure to the air, is a colomless liquid, having a faint odour and oily consistence. 
It is heavier than water (specific gravity = 1 017), slightly soluble therein, soluble in 
aU proportions in alcohol, ether, and volatile oils. At 17° it thickens, hut docs not 
solidify. Boils at 230°. — With chloride ofhmo it produces a rod colour, which does 
not entooly disappear on addition of acids. Bir-wood moistened with hydrochloric 
acid IS also coloured red by it. The base precipitates alumina, chromic oxide, 
and ferric oxide from solutions of tlieir stilts, but not lime, baryta, or magnesia. 

The solutions of rubidine in acids leave, when evaporated over the water-bath, 
gummy masses, which sohdify in the crystalline form on standing over eliloride of 
calcium The hydrooUorate forms, with mercurw ohloi ide, a double-salt which molts 
at 82°, and crystallises from hot water in noodles, turning somowliat reddmli in 
contact with the air. The plaimmi-salt, 2C*'‘H'"NC1 PWOl', is a reddish crystolliiio 
powder, insoluble in water, alcohol, and ethur. With chtonde of gold, the solution of 
the base m hydrochloric acid forms a yellowish-rod, sparingly soluble double 
salt. 

BUBIDITTMC. Symbol, Eb ; Atomic Weight, 86’4. — metal, belonging to the group 
of elements which likewise includes litbinm, sodium, potassium, and caosniin It was 
discovered by Kurohhoflf and Bunson in 1860, by the method of spectral analysis. 
Its spectrum IS chiefly distinguished by two bright red linos, situated beyond the line A : 
hence the name of the metal (jpuSiSos, dark-red) 

Eubldium was first detected, together with caisium, in the mineral water of Durck- 
hoim, in which it exists to tho amount of 2 pts. in ton milhon. It has since been 
fuund in larger quantity, together with cceslnm and lithium, in sovei'al other saline 
wnters (see Cassiirar, i. 1113), and most abundantly in that of Bourbonno-les-Biiins, a 
litre of which contains 0’034 grm. chloride of potassium, 0 032 grm cMondoof ctesiuin, 
and 0 019 grm. chloride of rahidmm (Griindenu, Ann Ch.Phys. [3] Lxvii 166), and 
in that of Nauheim, the mother-liquor of which yields a residue coutnimng in a pound, 
2 drachms 9 gi'ams of tho chlorides of rubidium and clBsium (Bottgor, Ann Cli. 
Pharm. cxxvii. 368 , cxxviu 240.) 

Eubldium is also found in several lopulnlitos; that of Eozenn, m Moravia, contains 

0 24 per cent, rubidium, with only a tiiieo of cmsium ; that of Eebron, in tho State of 
Maine, 0'24 per cent nihidmm and 0 3 per cent. CKsium, The two metals likemse 
occur, though in smaller quantity, in tho lopidolito of Prague, the potalito of Utd in 
Pinland, the lithia-raica of Zinnwald in Bohemia, triphyllino, and other litliia 
miiieruls. The nielaphyi'e of Norlieim, in which the mmoriil waters of Dnrckheim and 
Krouznach take their rise, contains, according to Laspeyres (Bull. Soc. Chim 1866, 

1 356) 0 00038 per cent, oxide of ooesinra, nncrO'000208 per cent oxide of rubidium. 

lastly, rubidium has been found in the .ishes of many plants, and in tho salin or 

crude potash ohtamod from the residue of the beetroot sugar mnnnfoctnro (iv 713). 
According to Grandeau, the sahn of the North of Praned contains 1'8 grm mbidium- 
chlorido in a kilogi-amino. The quantity of this salt annually abstracted from the 
soil amounts to about 260 gnus, per hectare, although tho proportion of rubidium 
existing in the .soil is too small to be detected, even by spectral analysis. . Eubldium 
has also been found in tobacco-leaves, m coffee, tea, cocoa, and crude tartar. In 
mmerals and mineral-waters, rubidium and csesiiim are always associated with lithium, 
and generally also with potassium and sodium ; but plants have the power of assinit- 
latmg two or three of the.se metals, to the oxcliisiou of the rest thus tea, coffee, and 
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the saTin of teetooot contain potassium, sodium, and mWdium, hut not a trace of 
lithium. 

Preparation . — The best source of rubidium, according to Bunsen, is the sahno 
residua obtsinod in the preparation of lithia from Saxon lepidolites, and consisting of 
the chlorides of sodium, potassium, and rubidium, -with 8m.ill qiiimtities of chloride of 
CEesium, and traces of chlonde of strontium. The rubidium is precipitated, together 
mth potassium and csesium, by platmie cUorido, and separated from potassium by tlie 
inferior solubility of itachloroplatmate (i. 1114). One lologi’amrae of thesalmc mixture 
is dissolved in 2 6 kilogrms. of water, and the cold bqnid is precipitated by a solution 
of about 30 grms platinum in mtromuriatie acid. After the precipitate- lias com- 
pletely settled down, the supernatant liquid is decanted, and the precipitate is boiled 
25 timos in succession with small quantities of water (about 1 5 kilogrm. m all), cacii 
portion being then poured into the original liquid decanted from the pricipit.ite Ji 
fi'esh precipitation of platinnm-salt i,s thereby pioduccd, and the liquid docunted thcro 
from IS to he evaporated down to nearly its original bulk (2 5 kilogrammes) If now 
the precipitated ehloroplatinate be decomposed by hydrogen, and the reduced pliitiiiiiiii 
washed, rediasolved in nitromnriatic acid, and added to the liquid, ii new pri'cijnliito 
will be formed, related to the solution in the saine manner as at the beginning of the 
process. The precipitate and liquid may tliorcfore be agaui treated as before. 

By repeating this operation seven or eight times, the ^eator part of the rnbidnim. 
eUovide contained in a kdogramine of the same material will bo extracted Each of lliu 
precipitates thus obtained is dried over the water-bath, the whole roduoocl by liydro- 
gon, and the olkahuo chlorides dissolved out by water The product tiuia obt.iincd 
consists of 126 gi'ms. chloride of ruhidium, mixed ivith 3 or 4 per cent oliiorido of 
potassium, and a very small quantity of chloride of ctesium To remove these iiii- 
piirities, the boiling solutions of 36 grins of the mixed chloiides, and of the pliitiiuc 
chloride produced by issolving 30 gim.s. phitimim in mtroiinmatio acid, are mixed 
together, and the yellow sandy precipitite, which separates on coohiig to 10°, is ivaslied 
by decantation with water at 40° — 50°. The washed precipitate is reduced by liyilrn- 
gen at as low and regular a temperature as possible, and the same treatment is ropeal cd 
till the precipitate, when examined by the spectroscope, no longer exhibits tlin red ray 
peculiar to potassium (Bunsen, Aun Ch Pluirra. cxxii. 861) The chloride of rulii- 
Qium thus purified no longer contains any foreign metal except ctesium, from wliiiii it 
may bo separated by the processes already described (i 1113, 1114) 

The same process may of course be applied to other mother-liquors qiid residuns 
contamiug ciesium and ruhidium. Bottgor (foe cii.) raoomuiomls the sidiiic resnlun 
obtained by evaporating the mother-liquor of the Nauheim water as the che.ipost and 
most productive source of these metals 

A modification of the preceding process is given by Hointz. (J pr Choin Ixxxvii 
SlOj Jahresh 1862, p 121; tether, Ann Ch. Pharm. cxxxiv. 129 , Bull. Soc Chun. 
1866, 11 . 354 ) 

The following process, applicable on the large scale, for extracting the alkiili-metiils 
from lopidolite IS given by Schrottor (Wien. Akad Ber i. [2] 268, Bull Hoc C'lmn, 
1866,11 106, Jahresb 1864, p 186). — ^The mineral is first boated to redness, without 
tlie addition of any flux. It then melts with considerable tumefaction, luid when siili- 
sequeutly thrown into cold water, solidifies to a vitceoua traiispaieiit nmss, wliieli must 
bo pulverised and washed (The wash-waters contain small qiiantitic.s of the alk.ili- 
metals, and may be used for the treatment of another portion of the minor, il) Tlio 
washed mass is boiled with hydrochloric acid (2 pts of acid of spoeiflo gravity 1 Ul to 
1 pt of lepidolite) for several hours, whereby tho greater part of the silica issiqi.U'atcd, 
and the solution, after addition of feme nitiute, is mixed with airbimato of sodium, wliieli 
precipitates iron, aluminium, calcium, magnesium, and mangaiicso, the liquiii being 
Buffleieutly diluted to prevent the simultaneous proeipitutioii of earboiiatu of lit luiiiii 
The filtered liquid deposits on evaporation a small additional quantity of inagiiuHiiim- 
ciirbou.ite, and then retains nothing but tho alkaline chlorides and a small qii.intity 
of silica It is saturated with hydroelilorie aeid, and mixed with mi aqueous sulutioa 
of potiiesio ehloroplatinate m sufficient quantity (determined by previmis trial) lo 
precipitate tho whole of the rubidium, ciesium, and thallium. The filtered hqiud, 
containing tho excess of platinum and lithium, is precipitated by sulpliydric and to 
separate the platinum ; then concentrated, and treated with corbonate of sodium, \i Inch 
throws down the lithium as carbonate. 

The platinum-precipitate containing rubidium, csesium, and thallium, is reduced by 
hydrogen at as low a temperature as possible . the ignited mass is washed with wider, 
to remove the chlorides of eaisium and rubidium, then treated with sulphuric acid, and 
again washed with water, to dissolve out the thallium-salt Lastly, the otes’iuni 
and rubidium aro separated by the processes already mentioned. 
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This procoas, accoi'fling to Sehi-ottor, may be applied to all mmorals eontaiiiuig 
lilhuira 1000 pta of lepidobte tbiis treated yield 78 pta. carbonate of lithium, 6 6 pts, 
chlorides of cfesuim and rubidium, and 0'8 pt. thallium — supposing tho proji.iratioii 
to be contimioiifily carried on. (For remarks on Schrotter’s process, see v Hauer, 
BuU. Soc Chini. 1865, ii. 352 ) 

According to Eedtonbaeher (Bull Soc Ghim 1865, li. 201), potassium, caesium, 
and rubidium may be S6p.ai'ated by the diiierent solubilities of their alums at 17°, 100 
pts. of water at that temperature dissolving IS 8 pts of potassmm-alum, but only 2-27 
pts of rubidium-aliim, and 0 619 pt of csesinm-alnm. 

Metallic Rubidium was first obtained hy electrolysis of the fused chloride, the 
positive pole being formed of graphite, the negative pole of an iron wire, but the 
metal, as fast as it was isolated, rose to the surface of the fused moss, and burnt with 
a reddush flame By using, inataid of pure rubidium-chlondc, a mixturo of the chlo- 
rides of ruhidium and calcium in equivalent qantities, and heating it to a temperature 
a little below redness, a fused mass is obtained at the negative pole, wliieli, when 
thiown into water, eaiisos a brisk evolution of hydrogen — tho gas earryiiigwith it small 
globules of metal, which burn on the surface ol the water. This method, however, 
does not yield tlio meUd in siilBcient quantity to allow of an examination of its pro- 
perties On the other hand, an amalgam of rubidium is easily formed by elcotrolysiiig 
a strong neutral aqueous solution of rubidium-chloride, using morenry us the negative 
and a platinuin-wue as tho positive polo of tho battery The mercury then hikes up 
the rubidium, becoming heated at tho same time, and the resulting anmlgam forms on 
oonhng a brittle, oryst^me, silver-white mass. It decomposes water at common teni- 
geriitures, and oxidises m tho air, becoming covered with a crust of ruhidie 

Enbidium is obtained in larger quantity by heating a mixture of 89'66 pts acid 
tartrate of rubidmm, 8 46 neutral tiirtratn of calcium, and 1 99 soot from oil of turpon- 
tme, ill a furnace simiLir to that used for tho reduction of potassium (iv. 693), and 
collecting the volatilised metal in a reeoivor containing minor, il iiaplidia 76 grins of 
the acid tartrate thus treated yield 5 gnus of ruhidmm 

VroiierhCk . — Rubidium is a wliito mi'tal, with a tinge of yellow, and a silvery lustre 
Specific gravity =■ 1 52 It is as soil ns wax, even at —10°, molts at 38 6°, and is 
converted, even below a red lioat, into a greiiiiish-bhie vapour Wlicii exposed to tho 
air, itinstautly becomes covered witli a blue-grey film of suboxide, and takes lliM m a 
few minutes even more easily than potassuiiii. It is decidcdljj’ move olLCtroposil.ivo 
than potassium, when formed into a circuit witli tho latter in .leidiilatod water Wlieii 
thrown on water it takes fire, with violent evolution of hydrogen, and burns with 
a flame exactly like that of potiissium. It hiirus with vivid incaiidesceneo in the 
vapour of chlorine, bromiiio, lotbiie, sulphur, and urseme, and acts as a reducing agent 
in the same manuer ns potassium. (Bunsen, Ann. Ch Pliarm exxv 367, Jahrosb 
1863, p 185 ) 

RUBiBruBE, OF, RbBv — Prepared by dissolving the carbonate 

in bydrobromic acid , crystallises in permanent shining cubes with subordm.ito octa- 
hedi'al faces and cubic cleavage, soluble in 104 8 pts w.atcr at 16°, and in 5 98 pts. 
at 100°, (Reissig, Ann. Ch Pharm cxxvii S3, Jiihresb 1803, p 186) 

BVBXDZUBI, CHBORIBB OF. RbCl— The hot solution of the hydrate or 
carbonate m liydiYioliloric acid yields, hy cooling or rapid evaporation, confused crystals , 
by slow ovnpoi'iitiou, cubic crystals having a vitreous lustre and easily cleavablo They 
are anhydrous, permiuiont iii the air, decrepitate when heated Tho oliloridc melts at 
an incipient red heat, and volatilises perfectly in tho blowpipe flame on platiiium-wiro. 
100 pts. of water di.s&olvo 76'38 pts. rnbidiiim-chlorido at 1°, and 82 89 pts .it 7°. 
(Bunsen, Jahresb 1861, p 176.) 

OhloToplatmatc of Rubidium, 2RhCl Pf'Cl', is obtained by precipitation ns a hght- 
yeUow, sandy, anhydrous powder, consisting of microscopic regular octahodrons, iii- 
solnhlo in alcohol, and much less soluble in water than chloroplatinate of potassium 
(See Table of Solubilities given under C^usimi, i 1114 ) 

RtTBIBirrsi;, CYAWIBE OTF. Small cubic crystals, which decompose very 
easily (Beissig) — Tho /enwi/amoic, EhTe'Cy" 2H’0, is obtained hy boding forro- 
cyaiiide of iron free from potash (prepared hy precipitating ferrous acetate with prussio 
acid, and exposing the washed precipitate to tlie air), with hydrate of rubidniin, 
filtering, neutralising with acetic acid, and precipitating with alcohol. The light- 
yellow crystals, deposited from a hot solution on cooling, appear tube trielinic (P i c c ar d, 
!B5p. Chim. pure, v 254 Jahresb 1802, p 125.) 

BVBIBIUm, BETECFIOM- AWB ESTZMATIOn' OF. The compounds 

Vox, V. K 
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of rubidium "so closely I'P^etnble the correspond mg compounds of potiissium and cno;,ium, 
that they cannot be distinguished therefrom hy ordinary iinalytical methods ; hut by 
spectral analysis, very minute quantities may he detected. The spectrum of ruhitluim 
is continuous in the middle part, like that of potassium, hut somewhat less bright , it 
13 especially characterised hy two stiong red lines, Ilha and Ehj8, situated beyond 
Fraunhofer's line A, and the two others, y and B, less distinct, andlikcuiso situated 
beyond A Those lines are most distinctly seen with the nitrate, chlorate, perchlorate, 
and chloride of riihidiimi, on accoimt of the facility mth which these salts are decom- 
posed by heat A drop of water weighing i milligrammes, and liolding in solution 
only 0 002 milligrm. of tho elilorido, shows the linos a and /8 very distinetly. The 
sulphate also gives a Hue spectrum, and oven with the silicate and phosphate, all pait.s 
of tho spectrum may be distinctly seen (Bunsen and Kirclihoff ) 

Eiimiatim and Si'fnuition — In a solution nut coiitiiiniiig potassium or en'siiim, 
rubidium maybe estimated m the same maniicr as potussiuin Tlii> sep.iialion of 
nihidium from potassium is effected, as already descriheil, by tlio inferior solubility of 
its ohloroplatinato (p 128) JIointz(.T pr Ohem Ixxxvii 320 , Jiilivf sh 1862, p 121) 
has observed, that when a mixtiiiv of tho chlorides of soduim, potassium, and niliiduirn 
IS treated with a ipiantity of pliitinie chloride more than sufflcient to convert all tho 
rnhirtium into ehloropilatinatob, and then boiled down to a small hulk, the siiiieniatiint 
liquid I'otaiiis only a trace of nihidinm. If, on tho contrary, tho phitmic eliloride ho 
added in quantity less than siifflcient to precipitate the whole of the riihidinm, and 
the liquid he kept for some time at a suitable temperature, the procipitiilo will consist 
wholly of chloroplatiiiate of rubidium 

For quantitative estimation, however, it is best to resort to indirect mi thuds 
BunBon(Ann Ch Phariii exvii 347) gives the following — 

a, The two metals are precipitated together hy platimo chloride, and tho amount of 
platinum in the precipitate is determined hytlie lossof weight oonscqiieiiton reiliietiuii 
by hydj'ogen, and subsequent washing Let A he tho woiglit of the preciiiitiitn, B the 
loss of weight caused hy reduction, &o, x the weight of the potassie cliloroplatiniito 
(KPtCF) * m the precipitate, y that of the corresponding ruhidiiini-salt , llioii 


whence x and y may be calculated 

As, however, commercial platinum often contains impurities, which may render its 
atomic weight incorrect hy several hundredths, it is more evaet To wngh tin 
mixture of the chlorides of potassium and iiiludmm ohtaiiied hy wuslmig the leiluml 
precipitate, and determine the quantity of chlorine contained therein by precipitation 
with nitrate of silver. 

Let X be the weight of potassium-ehlonde, y that of ruhidmm-chloiide, A the weight 
of the mutura found by experiment, B that of the precipitated chloride of sih or 


„ ^ Ag + Cl’ 

whence « ^ = « Ag^Cl 

Whence, ■^-^-07 ~ Rirw’l 


Ag H 

in 


Atmiio Waght of liukdtiim . — Determined in the same maiinor as that nf pnliissiiini 
According to the mean of Bunsen’s experiments, it is 86 36 , according to I'lce.irrl, 
85 41 , henco 85 4 may be regarded us correct 


RUBIBIiriw: E’EBBOCVAN'XDE OP. (See page 129 ) 
nVBiniinu:, BVBBATB op. KbHO, orlllrOH-O Obtained hygiudmillj 
adfong baryta-water to a solution of the siilph.ile 111 100 pts water depi iMsl of .iii liy 
boUmg If the liquid he kept near the boiling point at the time of adding Uio hary l.i- 
wuter, and agitated, the precipitated barium -sulph.itc settles down in a tew imnutes, 
and the filtrate evaporated in a silver retort, yields hydrate of riihidmiii in the form nt 
a white porous muss, with shghtly greyish reflex It melts at a bout holow redrn ss, 
without loss of water, and forms on cooling a brittle, slightly fciahlo, umorphoiis m iss, 
hnnng a himellar fract'uo It volat discs completely in the blowpipe flame, dissulu s 
111 water with great rise of temperature, dellquoseus rapidly on exposure to tliu air, 
*Pt=ij87. 
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forming a syrupy liquid, which is greasy to the touch, corrodes the skin, and, on con- 
tinued exposure to the air, is gradually trimsformed into acid carbonate of rubidium, 
In short, hydrate of rubidium possesses allcahue and caustic properties as powerfid as 
those of hydrate of potassium It dissolTos in alcohol, like cauatie potash. It cannot 
he fused m platinum-vessels because it attacks them. 

RUBISIiraX, lOBIBB OE*. Khl — Obtained hke the bromide, which it 
resembles in form. (Reissig) 

KITBISIum, OXYGB3Nr-SAI.TS OI'. The acetate, C^BOEbO’ crystallises in 
nacreons laminae (Grandeau). The hotate, Bb“0.2B^0“.6H®0, separates from 
a hot solution of 2 at boric acid and 1 at. rubiebum-earhonate, at 6°, in small tabuLir 
rhombic crystals, exhibiting the combination oP mP . colico , and having the angle 
ooP ■ cdP = 82° 23' ; coP . ooPoo = 131° 4'. It is permanent in the air, more 
soluble in hot than in cold water, and has an alkaline taste (Eeissig, Ann. Ch 
Pharm oxxvii 33 ) 

CarJionates. — The neutral salt, RVOO*, is prepared by precipitating the sulphate with 
baryta-water, adding carbonate of ainmomura to the filtrate, evaporating to dryness, 
and exhiusting the residue with water The solution yields, on eviipora&n, indistinct 
crystals of the liydriited .salt, Rh®C0MI''0, soluble in alcohol, and havmg a strong alkaline 
reaction The crystals, when heated, give off their water, and leave the anhydiuus 
carbonate as a sandy powder, which molts at a higher temperature On exposure to 
the air, it deliquesces, and is converted into the acid carbomte, EbHCO^ which forms 
glassy prisinatio crystals, permanent in the air, having a very faint alkaline reaction, 
a cooling, not caustic taste, and easily converted by heat into the neutral carbonate 
(Bunsen and Kirohhoff ) 

Chlorate, EbOlO’. — Prepared by mixing sulphate of riihidmniand chlorate of barium 
m equivalant pTOportions It forms very small white prisms, havmg the taste of 
chlorate of pohissium, aoluhlo m water to the amount of 2 8 per cent, at 4 7°, and 
1 per cent at 195° (Reissig) 

Ferchlnrate, RbClO* — Obtained by decomposing the carbonate willi perchloric acid, 
and purified by repeated crystallisntion Ironi hoiliug water It forms a sandy powder, 
composed of hard shining microscopic crystals The crystals obtuned by evaporation 
over oil of vitriol appear to be trimetiic and isomorphous witli perchlorate of potassium 
They are aiiliydrons, permaiiont in the air, less soluble than perchlorate of potasaium, 
and have a disagreeable, slightly saline taste They molt easily, and decompose at a 
red heat into oxygen and chloride of rubidium. (Lougu iniiie, Traiti de Ohiuue par 
Pelouae et Frhmj, S'"” ed. m. 1419 ) 

Chromates, — The neutral salt, Eh’CrO' or Eh'O CrO’, is obtained by adding carbo- 
nate of rubidium to a solution of the dichroniate It is isomorphous with eliromato of 
potassium, has an alkaline reaction, and forms a solution of ii fine yollow colour. 

The acid chromate or diehromate, BIPO 20r0“, forms haid, rather buUcy crystals, 
exactly like the corresponding potassmm-snlt It is easily prepared, either by super- 
saturating a hot solution of the carbonate with chromic acid, or by fusing the nitrate or 
carbonate with oxide of cliroranim, lixiviating, and evaporating The mother-liquor 
ultimately deposits crystals of the neutral salt, (Grandeau. Aun Ch. Phya. [31 Ixm 
165 , Jahresb 1803, p 184 ) 

The nitrate and oaalafe.s of rubidium have been already described The sulphate.'! 
and tartrates will bo described under the respective acids. 

BtrBIHYBBAM-. (Sehnnolt, Phil Mag [4] xii. 200, 270 ) —A aubstnuoo 
having the eoniposifaon of hydiatod mhian, produced, together with rubianie acid luicl 
ruhidehydian, by troiitingmhian with ueid carbonate of barium TliebroTO-yollowfiltrafe, 
obtained as described at p 125, is again mixed with baryta-water to separate any still 
undecompoaod rubum , carbonic .icid is once more passed into it, and the red flocics 
which separate on evaporation are removed The filtrate mixed with basic acetate of 
lead, yields a red precipitate, which is to ho washed, decomposed by cold dilute sulphuric 
acid, and treated with carbonate of lead to remove the excess of that acid. The preci- 
pitates are then removed , sulphydric acid is passed into the liquid, the sulphide of 
lead IS separated by filtration , and the filtrate is evaporated 

Buhihydi'an is a brown-yellow, transparent gum, having a hitter taste, and becoming 
soft and moist on exposure to the air It gives up its water only after prolonged 
heating over the water-bath, and then gives by analysis, 61 1 per cent. 0 and 8 0 H, 
agreeing approximately with the formula = 2C''"II®*0'® 6H*0. In other ex- 

periments, Sehunek obtained numbers agreeing with the formnlee C“II™0''“.3II’0 and 
C=»H’«0»6H»0. 

Euhihydran dissoh es easily in water, hut is not very soluble in alcohol It is not 
altered by boiling phosphoric, oxalic, acetic, or tartaric acid, neither is it precipitated 
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by any metallie salt except basic acetate of lead. With acids, alkalis, and ohlonno, il 
yields the same products as rubian 

RtTBINBEiN'lc ACIB. Syn. with IsAMic Aom (iii. 403). 

BUBINTIC ACZB. Also called Eufocateohmc acid (Svauberg, Ann Ch. 
Pharm imt 216) When a anlntion of catechin in an alkaline oarboiiato is espoiod 
to the AH’, the liquid gradually assumcB a dark ved colour, and then yields with li_\ dro- 
chloric acid, rod, non-eiystallme flocks of mbinie acid, which, howerer, is so iinstiilile 
that it blackens eren dimng washing and drying When dried in a vacuum, and idready 
altered, it gave by analysis 61 04 per cent carbon and 4 21 per cent bydrogen. 

The rubinatps are red and slightly soluble llieir solutions blacken cliiriiig evaporii- 
tion, Tho potasmumsalt may be isolated by saturating the red solution of catecbm in 
potassie carbonate witli acetic acid, till the mbinie acid begins to sepiirnto, 'iddiiig 
alcohol to the filtrate, and drying tho precipitated salt in a vaeuiim It is very suluhls 
in water, its solution forms red precipilatos inth metallic salts 


BUBIBETIH'. C'H“0* — A substance, isomeric with benzoic acid, existing in 
madder-root, and obtained as a bye-product in the preparation of rubian (p 123), 
in the decomposition of rubian by acids and by erjthrozyra (p 124, also Gmrhn'a 
Handhouk, xiv. 133, 135), and m the preparation 1 of rubiadm (p 120) , in tho last 
case as a lead-coniponnd It is also produced by boiling ehlororubian with iilktilis. 

The mixture of flie lead-compounds of nibiietm and vornntm, obtained in the pro- 
paration of rubiadin, yields, when decomposed by boiling hydrochloric acid, a brown 
powder, from which the nibu-etm may be dissolved out by cold alcohol, tho grentiir 
part of the verantiu remuimiig behind The alcoholicsolulioii, when evaporated leaves 
the rubiretin, which, if it does not melt in boiling water, must be punfled byir-solntimi 
in cold alcohol and evaporation of tho ftltr.ite A similar mode of puiifying nuj bu 
applied to rubiretin obtained as a secondary product under other circumstances 

Properties — Bubirctiu is a dark reddish-brown resin, brittle and friable in the enhl, 
soft at 68°, melting, at about 100°, to dark-brown drops It gives by aiiiilysis, 63 li 
per cent. 0, and 6'22 H (calc. 68 86 0, 4 61 H, 26 24 0). 

Eubiretm dissolves sparingly in boiling water, but softens therein, and on cooling 
deposits yolW flocks, which inci'cnse on tho addition of an acid It is easily soluble 
in nlcuM. It dissolvis with dirk orange colour in oil of vitriol, mid is iiveeipitiited by 
water It dissolves in ammonw, m i\io pure fixed al/udis, oxiA x\i alMinc carhuiiiitis, 
forming brown-red solutions, from winch it is precipitated by acids. Tlio nmmoiii.ieai 
solution forms pimple precipitates with chlonde if bauum and ehlonde of uitunoi, 
toty rad with alum andniiuite of silver It dissolves in aqueous /ci iic chioride, w ith 
dark red-brown colour, and is precipitated by acids. When free finui ulizimin, iL does 
not dye mordanted fabiics 

'When heated in a test-tube, it generally yields a aonnty siiblimute of alwiiriii, 
together with a brown oil. It is decomposed by hot oi? «/ citml. Boiling mine ami 
converts it into a yellow substance, which no longer softens in boding wuter, .iiid is 
scarcely soluble in alcohol Cldonne passed into the uleoliolio solution of rubiretin, 
decolorises it, and renders it no longer procipitable by acids (Selvunck ) 

ACID. Tannic acid fiam tho leaves of Eiiiia iiiwtorum 
(Wilhglc, Ann Ch Phann. Ixxxu. 340 , Gm. xv 632 ) 


aiTBniwiTRic AOIB, or mtro-hmuatic 
Phexol (iv. 406). 


acid. See Picuamio Actd under 


RUBY. The Oriental niby is a red variety of corundum (u 86), sec also Dana's 
Mmeialomj{x\ 111 ) The red varieties of spinel are sometimes called Spinel udw, 
Salas ruby, or Alamaiidm ruby. (See Spiml ) 

EBB, on OP. The essential oil obtained by rlistilliiig garden rue (Dufa nraven. 
tots) ivith water, men pinsfled by a few reetificit.ons, it is somowhut.ri.seid', 1ms .i 
fr ^ disagreeable odour, bkc that of tho pbuit , .i 

stigntly bitter aromatic taste , bods at 228°— 230°, and solidifies, between + 1° and 
- 2 to Sliimng crystalline lamiiue, resembling those obtained from anise-oil 
h«lee in’® “ Vlroeaibon mth an al.lohydc or keloiin 

Monging to the eeiues 0«ffvO This compound, separablo by alkaline bisulpliites, 
^ ‘0 t'he investigations of Gerhardt (Gompt. rend. 

^. 225, 361, 773), andof CnlionrsfCompt rend xxvi 262) as caprie 

Trans 1858, [1] 90, 

Tvofo ^ JHtter in compa3*ativeIy small quantity; and this result has 
Williams, by subjeetmg crude oil of me to repeated fractional distillalioii, obtained 
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distilUtea himng boiliiig-poiats between 160^ nnd 238“ The portion boiling between 
160° and 188°, give, with albalino bisulphites, scnreely tr.ices of a crystalline compound j 
but the fractions of higher boiling-point yield crystalline compounds when thus 
treated (best witli the ammouiiun-salt) , und the portions boiling above 210° solidify, 
after a few hours’ contact with the acid sulplnto, to a ciystaEino mass, from which, after 
Mashing with the solution of the sulphite, pressure, &e., the aldehyde or ketone may be 
separated by distillation with potash. 

The product thus obtained from the portion of the oil hoiliiig hetWeen 210° and 2.32° 
is a colourless liquid, having a fruity odour quite different from tliat of rue. Speciflo 
gravity = 0 8197 at 16°. Wlien cooled to + 7° and shaken, it sohdifles to a white 
iniisa lesetnbliug camphor Boils at 213° (oxidising at the same time unless kept in 
an atmosphere of hydrogen) Gives by analysis, 77 71 per cent 0 and 13 07 H, 
agreeing with the formula 0''H“0, which requires 77 65 C, 12-91; H, and 9'H 0. 
Vapour density, obs. = 6 870, calc. = 6 874 Williams regards this compound as 
euodio aldehyde or hydride of uuodyl, 0“H-'0 H, the name being suggested 
by its fragrant odour. Sea also Hallwachs (Jahiesb. 1869, p 606) 

The higher fractions of crude oil of rue, yielded also by similar treatment a small 
quantity of a liquid boiling at 232°, and having nearly the composition of laurio alde- 
hyde, anal 78 1 per cent. C, 12 9 H, calc. 78 3 0, 13 0 H, aud 8 7 0. 

V.ipour-deosity, ohs. = 6 182, ealc = 6 366. 

According to Harbordt {loc at ), the compound CH-^O, which forms tho chief con- 
stituent of i-ue-oil, IS not. cuodio aldehyde, hut a ketone, viz, methyl-caprinol = 
GH“. The portion of the crude oil boiling at 228°, yielded by analysis 
numbers agieeiiig with the formula of laiuse aldehyde, but tho coinpomid 

obtained therefrom with acid ainmonium-sidphite, gave by distillntioii with carboiiare 
ot sodium, a body agreeing nearly in composition and vapour-donsity (obs 6 03) with 
tho formula C‘'H'-0. This ll-carbou compound yielded liy oxidation (together with 
oxalic acid), eapno acid, caprybe acid, and lower luoinhors of the acotio uoid soiica, but 
no acid oontainiug 11 at carbon. 

Thu portion of rue-oil which docs not combine with alkaline bisulphites, is separable 
into a more volatile portion, hiivnig tlio composition of turpontnin oil, niiJ a loss vol.i- 
tilc portion, which appo.irs to ho isomorio with boriicol, but boils at .1 luwor tempera- 
ture. (Gr Williams ) 

ItVFaCAXiX,£c AlCID. C"IT<0'.II»0 Para-elhtgic acid. (Robiqiiet, Ann Cli. 
I’liarm xix 201 )— Tills acid, which, in tho dry state, contains the elements of gaihe 
acid iiuiii'c 1 at water, is produced by gently he.iliiig gaihe acid to 140° with 6 pts 
of strong bulpliunc acid, nnd pouring the stickjf muss when eold into cold water, drop 
bj drop All abundant reil-browii precipitate is then foisiied, partly ilocciilent, p.i.rlly 
cijstalline, and tlie crystalline portion, which amounts to 60 or even 70 per cent ot the 
gallic acid employed, may be separated by levigation. 

IlnHgnlhe acid thus obtained forma kermes-brown erystalliiio grains, which at 120° 
give off 10 0 per cent (1 at ) water, and lose tlieir lustre. When .strongly heated in 
1 he air, it carbonises m groat part, becoming covered with small ciiiiiabar-colmii ed 
pi isms It dissolves iii .3,600 pts of w.iter, easily in potash, the solution, wlieu 
ex])osi*d to the air, depositing colouied crystals alter a long time, On Ijoiliiig tho 
'.ii'ul with stuff’s mord.inted with alum or an iron-salt, dyes are obtained similar to 
those produced by madder, but less bright 

muPIMORIC ACID. (Wagner, J pr Clicm li 82.)— An acid obtained, in 
the form of a d.irk brick-red procipitato, when a solution of moriiitaniiio acid in eold 
si long sulphuric acid, or fluit proJiieed by boiling inorintannie acid with dilute hydro- 
chloric acid, IS loft to itself for some tiiiu.. When purified by washing with eold water, 
snliition in alcohol, reprecipitiition with water, and drying, it forms .a dark-red 
amorphous powder, very soluble in alcohol, loss soluble in water, very slightly soluble 
111 ether A very small qu.intity of ammonia suffices to render it soluble in water, in 
all proportions. Its solutions have an acid reaction Its compo.sitioii, us dctormiiied 
by analysis (5 i 4 per cent. G, 4 1 H), is xeiy near to that of moriiitanmc acid ; and as 
tlio latter c.-in bn roprocliiced by the action of alkalis on ruflmoric acid, it is probable 
tliiit tho two acids are cither isomene, or diifer only by tho eloments of wrnter. 

Enfimonc acid may be heated without decomposition to 130° , but above that tem- 
prriituio, it gives off vapours which condense to a cry stiillmo mass, exinbitiiig all the 
characters of pyrooatechm It dissolves with led” colour m sduiig siilpluiric acid 
without alteration, also in liydrochloric acid Nitric acid converts it into ox.ilie acid 
and a mtrogeniaed acid With caustic alkalis and thoir earhonates, it forms crimson 
snliitinns, which lose thoir colour but slowly An alcoholic sohiuoii of the acid forms 
with alcoholic pot.ish a dark-icd viscous pviicipitiilc Kiilimoric acid, boiled with 
potash or baryta, is reconverted into moriiilnniiie acid. 
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The aqueous solution of ruflmoiie acid (containing a trace of ammonia), does not 
precipitate alum, W on adding moro ammonia, a dark-red lake is thrown down. 
The same reaction is produced with stannous chloride and chloride of hanum Neutral 
acetate of lead, euprie acetate, and mercurous nitrate form red or brown precipitates. 
Nitrate of silTer and sulphate of zinc are not preciptatad 

Chlorine decomposes the solution of rumiforie acid, throwing down red flocks. 

KtrCIIT. (Mulder, Rev scientif iii. 60 ) — A compound produced by 

the action of heat on phlonzin, and differing therefrom by the elements of 2 at water 
Q 2 IJJ 21 O 10 _ 0''H-"0“ + 2H''0 It is a resinous suhstaneo of a red colour, very 
friable, diBBolYing m alcohol with deep orange colour, nearly insoluble in ether Water 
dissolves It at the bodiug heat, and doculoribos it instantly , the solution becomes 
milky on coohng. Eufln dissolves in strong sulphuric acid, producing a fine red solu- 
tion, which is decolorised by water It is insoluble in hydi'oclilorie acid ; decomposed 
by hot nitric acid. It dissolves with red colour in potash and ammonia, and is preci- 
pitated therefrom hy acids. 

Rtnu;. A spirituous liquor distilled in the West Indies from molasses (See Ur-e's 
Dictimiary of Aiis, ^o. iii 606.) 

RirnilcXHr. Syn. with CnBTSowiANio Aom (i. 968) This substance exists in 
the roots of various species of Sumex, viz, Kumex patwnlia, E.paluttua, R, amim, 
S aguaiious, and J?. Hyirolapathum, as weU as m rhubarb and wall-liclieii. 

RUSIOCHIirii. A red substance produced by the action of elilormc-wutcr and 
ammonia on quinine (p 18) 

RVXAMISE. ,Syn. with Capiumide 

RITXRElffllVPERIC ACIZt. Seo EuTUBNIUM, OxiDES OF (p. 137) 


RUXHEiiriocYAii'isBS. Soe Ctanides OP Euthunium (ii 271). 
RVTHERium. Atomic iBcught, 101 Symbol, Exl — This metal, discovered hy 
Claus in 1846, occurs in platinum-ovc, liiid cliieflyin osmiridium, winch soiiiutimcs 
contains it to the amount of 3 to 6 per cent Its properties and comliinations have 
been examined chiefly by Claus (Pogg. Ann. Ixiv 192, 624; Ixv. 200, Ann. Cli. 
Phiirm. IvL 257, lix 234, Ixui. 269), Ih'tuij (Trmti de Chmie par Mouce H 
Fthmj, 3"“' ed in 1334), and D evillo and Debray (Ann. Ch. Phys [3] Ivi. 386 ; 
Jahiesb. 1869, p. 233). 


digested in cold water , and the concentrated solution, which is brown-red and almost 
opaque, is mixed with a few drops of ammonia and gently heated, whereupon it di posits 
a copious black-brown precipitate, consisting of sesquinxide of ruthenium and dioxide 
of osmium This precipitate, after being washed with nitric acid, is boated in a 
retort, tiU the osmium is expelled in the form of osmio tetroxidc The residuo is then 
ignited for an hour in a silver crucible with caustic potash hve from silica, and the 
Ignited mass is softened and dissohod hy cold distilled water 'The solulioa is left 
in u corked bottle for two hours to clarify, after which the perfectly triinsinu'ciit 
orange-coloured hquid is separated by a siphon, and neutralised with nitiic acid. It 
then deposits velvet-black scsquioxido of rutheimiiii, which, when washed, dried .iiid 
Ignited m an atmo.sphcrc of hydrogen, yields the pure metal. (Claus, see also ’PiA- 
THtnii-oitE, iv 681) 

2 Pulverised osmindmm is heated with 3 pts peroxide and 1 pt nitrate of Imrmm , 

the lUASB IS treated in the mannci desevibcil under Innnuiu (in. 316, No 6) mid the 
orange-yellnw solution of ruthenhite of potassium, ultmutelv obtained by tiisiiiu t)ie 
mixture of indium aud ruthenium with iiitro mid eiiustie pot.ish, ,ind lixiviating willi 
water, is treated with caihonie or nitric .leid till it becomes colourless, it then detiosds 
oxide ot riitbenmm, slightly contamiuated mth silieii Tina oxide, sfroiigly calcined 
111 .1 gi.ipliila triici bio, yields metallic rnllienniu,. which is then fused iii the owln- 
ilrogen fui'uaee (iv 31.3) The ruthenium thus obtained still requires to be piii'illial 
lYOiie or more hisions with nitre and potash, till its density is brought up to 11 '3. 
(Devillo and Debray ) e r 

3 Scidy osraiiidium, consisting almost entirely of osmium, iridium, and ruthenium, 

18 lieated to bright redness m a porcelain tube, through which a euiTant of air (freed 
iZZlhtTnt “‘Z through potash, and from organic raatlor by pLsing 

0.xidised. the former being cai ried torn.u-d as tetroxide and eondciised 
ilium iml llv hi I'"!’™"™ ‘"Brtlior with 
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mans with -water, a solution of potasslc rutheniate is obtained as above (J?rAmy). 
Acnording to Deville and Debr.i-y, the ruthenium thus obtained is BtiU contaminated 
-with small quantities of osmium, rhodium, and indium. 

Properties — Euthonium obtained by calcining one of its amnionincnl chlorides, is a 
wlnto spongy mass , when separated troni its oxides by reduction with hydrogen, it 
forms porous fragments, very much reseniblmg indium, and moderately easy to pid- 
verise It is the most refmetory of all metals except osmium Derille and Debray 
have, however, fused it by placing it in the hottest part of the oxyliydrogen flame at 
about 2 millimetres fiom the orifice of the jet. After fusion, it has a density of 11 to 
11'4 , that of the porous metal IS only 8 (i 

Eiitheninm is scarcely attacked hy nitromuriatic acid It is, however, more easily 
oxidised than platinum, or even th-m silver (Friimy) AVhen pure it is easily 
oxidised hy fusion with hydrate of potassium, still more easily on addition of a small 
quantity of nitrate or chlorate, producing rutheniate of potassium, which dissolves in 
water, with orange-yellow colour. 

RUTHEKriUM, AZ.1.0VS OE. Zinc forms with ruthenium an alloy, which crys- 
talhses in regular hexagonal pnsms, takes fire when heated in the nu', and hm'us with 
faint deflagration 

An alloy of tin and ruthenium, EuSn®, is easily ohtained by heating rutliouium to 
redness in a graphite cruciblo, with 10 to Ifi times its weight ot tin, and dissolving out 
the excess of tin from the cooled mass with hydrochloric acid The alloy then reiniuiis 
in magnificent cubic crystals, like those of melted bismuth (Deville and Debra y ) 

RUTHEITItmi, CHI.OKIDES OE. Bnthenium forma three olilorides, viz., 
EnCl*, EuCF, and EuCD, the last, however, is known only in oombuiatioii. 

The dtohloride, EuCl’, is produced, together with the tnchlorido, by igniting pul- 
verised ruthenium in a stream of chlorine, the trieldorido then volatilising, while the 
dichlorido remains in the form of a black crysbillino powder, insolublo in water and in 
aU acids, even nitromuriatic acid, and only partially decomposed by alkalis A soluble 
dichlorido is formed by passing siilphydrio acid gas into a solution of the tiichloiidc 
A brown sulpliitle is then pieeipitatcd, and the solution acquires a fine bluo colour If 
the excess of aulphjdrio acid be expelled by a current of air, n puro solution of the 
dichloride will bo olit.iinod, winch becomes green by strong eoneontiation, and yields 
with aminonia a gi'cen precipitate of the soluble dichloride (? hydrated). Both the 
bluo and the green dichloride are converted into trichloride when heated -with nitric 

Trichlorids or Hnihemous Chloride, EnCD. Prepared by precipitating a solu- 
tion of potassic ruthenmte with an acid, dissolving the precipitated black oxide in hy- 
di’ochloric acid, and evaporating It is a yellow-brown, crystalline, very deliquescent 
mass, becoming dark-green and blue at certain points when strouglv lieated It dis- 
solves easily in water and in alcohol, leaving a small qu.mtity of a yellow insoluble salt. 

The coueentratod solution of ruthenious chloride, mixed with eonecntral ed solutions 
ot the chlorides of potassium and ammomum, yields the double salts lC‘Eu'"Cl* = 
2K(J1 EuCl’ and (NH*)“Eu"'OP, in llio form of crystalline precipitates, with violet 
iridescence, very slightly soluble in water, insolublo in alcohol The solution of the 
potiissiura-salt, left for some time in contact w ith w.ater, becomes turbid and black, and 
deposits a black oxychloride of ruthenium , the same decomposition takes place imme- 
diately on heating the solution. 

Tetrachlur%de oj Buthemum or liuthenic i(fp,Eu01', is known only 

in its double salts The poUtssimn-saU, K-Eu''Cl“ ■= 2KC1 EitCl', is prepared hy mix- 
ing a solution of ruthemc hydnato in hydrochloric acid with chloride of potassium, and 
eMipornting to the crystallising pioint. It is brown, witli roso-colonred iridescence, vciy 
snlulilii in water, but insolublo in alcohol. It appears to ho dimorphous, inasmuch 
as, when deposited from a solution coiilaining scieral other salts, it crystallises in mi- 
croscopic six-sided prisms, but, under other circumstances, in regular transparent octa- 
hedrons, being then isomorphous with the corruspoiuhiig salts of platinum, pallndium, 
osmium, and mdium. ' 

Tho mnmomum-salt, 2NH-'Cl.EuCP, is ohtained like the potassium-salt, which it 
resembles closely. 

KUXKEWItnvr, CYANIEES of, (See CvuNimss, ii. 271 ) 

ETTXHEIiriUM:, DBXECXIOKT AKTD ESXIBTAXIOMT OF. Euthenium is 
most ficquontly met with in solution m tho form of trichloride This solution, which 
IS of an orange-jollow colour, is distinguished by its cliiiracter of decomposing, when 
heated, into hydroehluiic acid and btackish-browii scsqiiioxule of ruthennmi. The 
snnie solution exhibits with reagents the following character-. . — 
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Sulphyidno aoid partly precipitates the ruthenmm in the form of a black sulphide, 
but at tbe same timd reduces the tiichloride to dicliloride, tho reduction being 
attended with a change of colour fiom orange-yellow to a fine aaure-bluo . this reaction 
IB extremely delicate, and very chai-uctnrlBtic of ruthenium. Zino effects the same 
reduction Sulphvdrate of arrmumium throws down the greiiter part of the ruthenium, 
ru the form of a hUek-brown sulphide, not perceptibly soluble in exeess.^ — Tho caustw 
alkalis, a/kaltne carbonates, and phosphate of sodium precipitate the black sesquioxide, 
insoluble m excess of the reagent. — Borax forms no precipitate at first, but, on heating 
the solution, the hydrated sesquioxide is thrown down. — Sidphiiroiis acid, oxalic acid, 
exA formate of sodium do not precipitate the metal, but merely docolonse the solution 
— Berrooyamde of jmtassnm, decolorises the solution at first, but afterwards turns it 
bluish-green — Sidphocpimate of mtaseium produces, after awhile, a red coloration 
passing to deep red-purple, and changing to a fine violet on heating the liquid Tlus 
is one of the most characteristio reactions of ruthenium, inasmuch as soluble sulpho- 
cyanates do not exhibit any very decided character with tho other metals of the plati- 
num group , for Its distinct production, however, it is necessary that the solution ha 
free from other platinum-metals.— yfoctafc of lead forms a pmple-red precipitate, in- 
cbning to black. — Ci/amde of niercwry colours tbo solution blue, and throws down a 
blue precipitate — Nitrate of silver forms a black precipitate, which is a mixture of 
ehloiide of silver and sesquioxide of ruthenium ; the oxide dissolves, after a while, in 
the nitric acid, leaving a white residue of chloride of silver, and if ammonia he thou 
added in excess, tlie chloride of silver dissolves, and tho sesquioxide of lutheimim is 
reprecipitnted this is also a very dolicate reaction — The chlorides of potassium and am- 
moniwn throw down, from concentrated solutions, crystalline precipitates of double 
chlondes, exhibiting a play of colours iiichning to violet — ^The mb lies of the alhali- 
wu iaJs foim with mthoiuous solutions, double salts [3MNO® E.ii"'(NO*)"], which dissolve 
readily lu excess ot the alkiihiie uitnte, forming solutions, which, when tre.ited with 
a sm, ill quantity of yellow sulphide of ammonium, assume a splendid dark-red colour, 
changing to brown without precipitation of sulphide This reaction is recommended 
by Gibbs and by Claus (Jahresb. 1863, p. 697) for the detection of nitrites 

Tho solution of chlororiitheninte of potassium, SKCl.HuCl’, exhibits tho 
following reactions — W ith sidphydric and, no reaction at first , but after a while, or on 
heatiug, a brown, precipitate of disulphide, EuS", a coiisideralile quantity of ruthomnin, 
however, rsmuming in solution — ^YeUow sulph/diate of ammonmvi irainediatuly 
throws down part of the rnthonium, in the foim of a brown-yellow sulphide; tlie 
reaction is complete on the addition of un acid — Potash and alfudme carbonates form 
no precipitate m the cold; a deposition of oxido t.ikes place on heating tho liquid, hut 
a oonsiderahla portion still remains dissolved — Nitraie of silver forms a rose-coloured, 
mercur'ous mb ate, a light-yellow, and siaanoiis chtoude a ydlow precipitate. 

The oompoiinds of rutbemiim may readily he distinguished from those of tho other 
platimim-metiila, by fusing a few iniUigrammes of the siibstaiice in a platinum-spoon, 
with a large excess of nitre, leaving it to cool when it ceases to froth, and dissolving the 
cooled mass in a little distilled water. An orange-yellow solnl ion of potnssio rutheinate 
IS tlius fomed, which, on .iddition of a drop or two of nitric acid, yields a bulky 
black precipitate, and on adding hj droclilorie acid to the liquid, with tlie precipitilii 
still in it, and heating it in a porcelain crucible, the oxido dissolves, forming ,i solution 
which has a fine orange yellow when concentrated, .ind when troiito'd with sulphydi'iu 
acid till It becomes nearly black, yields a filtrate of a splendid sky-blue colour 
Chnracteristto reactions are also obtamed with snlphocyaimto of potassium and iicot.ito 
of load 

Metallic ruthenium may be distinguished from the other platinum-motals by mixing 
It with common salt, and igniting tho mixture in a current of chlorine. The lesultiiig 
bl.aek mass dissolves in water, with ii fine orange-yeUow colour, which of itself is siifll- 
cieut to distinguish ruthenium from rhodium and iridium (the former of which yiolils 
iiiidor similar circumstances a rose-coloured, and the latter a black- brown solution). It 
may be fui'tlier distinguished by the blade precipitate uhicli it yields with ammoiim, 
and by the imetioms witji sulphydiic acid, &c., above mentioned. 

Estimation and Sepaiation. — Eiitlienium is precipitated from its solutions in tlio 
form of oxide, and generally as sesquioxide, viz , from a solution of tho soRquichlorido, 
either by alkalis or by simply heahng the solution, and from a solution of ruthemuto 
of potassium by nitric ncid The precipitated oxide is reihiced to the metallic state by 
Ignition 111 an atmosphere of hydrogen As, however, the precipitate generiilly coutaiim 
alkali, which cannot be removed by washing, the reduced muss must he treated With 
water , the liquid filtered from the ruthenium , and the metal, before weighing, must 
he again iginted, and left to cool in .in iitiiiospliero of hydrogen, as it oxidises when 
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Hutlienium lias liitherto been found only associated with the metals of the pUtuiam- 
residues, and from these it is separated by the methods already described (p. 134 , see 
also PlATINTM-OHE, IV. 681). 

The following methods of separating ruthenium from platinum, rhodium, and 
indium, are given by Oibbs (Sill. Am. J. [2] xxxiv. 341; Jahresb. 1863, p. 
292).— 

1. From Platinum. — The mixture of the double chlorides, K’PtCF and K^EuCP, 
is treated with a cold solution of chlonde of potassium , the resulting solution, which 
contains chiefly the ruthenium-salts, is heated with nitnte of potassium, and evapo- 
rated to dryness , and the residue is treated with hot absolute alcohol, which leaves 
ohloiophitinate of potassium undissolved The alcoholic solution containing the 
ehlororuthemale of potasshun (together with traces of platinum) is evaporated, the 
residue is heated with hydrochloric acid, the deep rose-coloured solution of the 
putassie chlororutheniate is repeatedly evaporated to dryness with snl-ammoniac , and 
the hot aqueous solution of the resulting chlororutheniate of ammonium is converted, 
by evaporation with ammonia, into tho yellow ammonio-chlorido, 4NH*.EuCP SH’O. 
The latter, when dissolved in hot water, yields with mercuric chloride a yellow crys- 
tiiUino precipitate of the salt, 4NH“ IluCP.Ifg"Cl®, which may be freed from platinum 
by reciystaUiSdtiou, and yields by ignition silver-white ruthenium 

2 A similar method serves for the separation of ruthenium from iliodium, tho 
latter metal remaining undissolved as chlororhoihate of potassium, when the solution of 
tile two double chlorides is treated with nitrite of pobasMiim, and the evaporated 
residue with alcohol The olilororhodiato of potassium is then either converted into 
metallic rliodnun by ignition with sal-ammoniac, or dissolved in hot bydrooblonc acid, 
supersattu'iited with ammonia, and precipitated as sulphide by sulphydno acid. 
(Gibbs) 

3. Prom Indium — The best mode of proceeding is to boat the solution of the two 
jnctals with an excess of nitiite and carbonate of sodinm till a light orange-yellow is 
pioduced , then arid sulphide of sodium by small portions, till part of tho precipitated 
sulphide Ilf ruthoumm 15 radissoli ed , boil for a fow iminitcs ; and mix tho liquid, after 
tooling, with a slight excess of hydroclilorio acid Tlio precipitated sulphide of riitlio- 
nium IS w.ished with hot water, dissolved in nitroimiriatic acid, and converted, first 
into ehloroi'utlieuiatc of aminonmni, then into the uliove-meiitioiiod morenry compound 
Till! solution filtered from the sulphido of rnflieiinim, and evaporated with hydro- 
cliloiic acid aiifl snl-amiumimc, yields pure chlorindmte of ammonium — ^Thelotra- 
ehlnrides of iridium and vutheniuin may also be separated by heating with nitiite and 
e.iibon.ito of potiiS“ium, evaporaling to dryness, and tre.itiiig the residue with absoliito 
■ileohol Tlic ruthi'uium-H.ilt thou dissolves, whilst tho mdium-sult romains, and may 
bo easily coiivoitcd into cbloriridi.ite of iimmonium 

According to Gibbs, tlie soparation of iridium and ruthenium by ignition with nitre 
and potash docs not yield good results, iiiasinuch ns part of tlio ruthenium always 
remains uiiiil tacked, and a small quantity of the mdiiim dissolves, together with the 
rutlicmato of potassuini. 

On the sepal iition of ruthenium and tho other platinum-metals, see further Gibbs 
(Mill, Am J [2] xxxvii. 67, Jahresb. 1801, p 288, Bull. Soc (Jhim, 1864, u. 38), 
Oarey-Leii (Sill Am J [2] xxxvin 31; JiiJiresb 1804, p. 290). 

Atom!' Waglii of Tiuthemnm — Clans (J pr. Chem xxxiv. 173, 420; Ann. Ch. 
Pharm Ivi 267), by the an.ilysis of cblororuthcnito of potassium, 2KCl.RuCP, found 
that the atomic weight of the mct.il was 101 22, whieli is nearly tho same a>s that of 
rliodinm Other experiments gave highnr numbers, but the above determination is 
generiilly regarded us nearest to the truth. 

KUTTHSSOTEUEa, OStIZtES OF. Entbcnium forms five oxides, viz EnO, Ru’O’, 
EiiO-, EuO', and EiiO*, the foiu’th, howovei, bniig known only m combination. 

Tile protoxide, RiiO, olitaiiicil by calcining tho diehlorulo with carbomilo of 
sodium in a current of carbonic anliydi'ide, and washing the residue with water, has a 
d.uii-grey colour .md luotiillio lustre, is not acted upon by acids, but is reduced by 
hydiiiguii at ordinary tomper.itiires 

Se,iqnio,xide, or Eulh euious Oxide, Eu®0’ — ^Pulverised ruthenium, heated in 
coiit.ict with the air, riipidlj absorbs 48 per cent oxygen, and is afterwards sliraly 
ccuivertcd into the aiihydious sesquioxide, winch has a deep blue colour, is insoluble in 
acid, 5, and is reduced when he.ited into hydrogen gas 

Tlie hydrated sesquioxide, Eu-’0“ 3H-0 ■= EubPO“, is obtained ns a blackish-brown 
precipitate, when a solution of riitlieniousolilonde is l.roatcd witli an alkaline oiirboniite 
Thisdiydiute, after prolonged washing, still retains 3 or 4 percent of ulkab, it dis- 
solves witli yellow colour in leids, but is not dissolved by water or by alkalis. When 
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strongly heated in an atmosphere of carbomc anhydride, it gives off its water, and 
becomes insoluble m acids. 

The dioxide or ruthenic oande,EuO'.i3forniedby rousting the disulphide, or by 
strongly igniting mthonie sulphate, EnSW or Eu0^.2S0®. The former method 
yields a black-blue powder with a tinge of green , the latter, grey particles with 
metuUio lustre, and bluish or greenish iridescence 

The hydrate, EuH^O* = fiuO’ 2H“0, is obtained as a gelatinous precipitate, by 
decomposing chloromthematc of potassium with carbonate of sodium, or ruthenic 
sulphate with Cdiistie potash or soda, in the latter ease, however, the solution must be 
evaporated, as it returns a considerable quantity of the hyJi'iite. Euthenic hydrate, 
when dnod and heated in a platinum spoon, deflagrates with vmd incandescence, and 
is scattered about It dissolves in acids, forming yellow solutions. The solution in 
hydrochloric acid turns red when evaporated, and ultimately loaves red-brown rutheuia 
chloride. The hydrate dissolves also with light-yoUow coloim m alkalis 

The trioxide, EuO*, commonly caUed ruthenic acid, is known only in the form of a 
potaasium-salt, which is obtained by igniting ruthenium with a mixture of potash and 
mtrate or chlorate of potassium. It dissolves in water, forming an orange-yellow 
solution, which has an astringent taste, colours organic substances black by coating 
them with oxide, and is decomposed by acids, yieldmg a precipitate of the sesqui- 

Tetroxide of Suthenium, TAtxO* Euthenic tetroxicle. Perruthomo and Eutlicn- 
hypersmre —This volatile oxide, analogous to osmic tetroxido, is obtained by beating 
to dull redness, in a silver crucible, a mixture of S grammes of ruthenium with 24 grms. 
caustic potash and 8 grms nitre, dissolving the fused mass m 48 gnus, of wa<er, 
lutrodiicmg the solution into a tubulated retort connected by a long condensing tube 
inth a flask containing caustic potash, and passing chloiins into the liquid, The 
liquid becomes hot, and the tetroxide passes over, condensing m the neck ot tlio retort 
and the tube, as a golden-yeUow erystaUino crust, which melts between 60® and 60®. 
Part of it, however, remains m tlie liquid, and may bo serrated by distillation, To 
purify it from adhering water and chlorme, it is melted in a tube under a layer of 
water , it then crystallises on cooling, and may be pressed between paper. 

Hutbenic tetroxide is a golden-yellow, crystalline mass, m which rhombouhil 
prisms may be diatmgmahcd It is heavier than sulphtirio acid, very volatile, 
viiponsing even at ordinary temperatures, and emitting an odour like that of nitrous 
acid , melts at 68®, forming a yellow liqmd, which boils at .about 100°, It dissolves 
sparingly in water, the solution remaining imaltered in the dark, but deeoiiipusing 
rapidly even in diffused daylight It dissolves m hydrochloric acid, without losing its 
charaotonstic odour, and on adding alcohol to the solution, trichloride of rutiienium 
13 formed Snlphurons acid colours the solution of rnthenio tetroxido rod-puiple, 
changing to violet-blue when lientcd Sulphjdrie acid throws down a black precipi- 
tate of oxysulphide. The dry oxide moistened with strong potash, becomes hut, 
melts, and volatibses in great part, the rest gradually dissolving as lutheniato uf 
potassium (Clans, J pr Chem Ixxix. 28, Jahresb 1869, p 20U.) 

nUTHEKIUTW, SUI.7HISES OF. Sulphydne acid, passed into a solution of 
either of the chlorides of ruthenium, usually forms a precipitate consisting of sulpliido 
and oxysulphide of ruthenium mixed with free sulphur The blue sulutiun of the 
piotochlonde yields a dark-brown sesquieulpbide, Eu-S’ When sulphydne acid gas is 
paasod for a long time into a solution of the trichlonde, disulphide of ruthemmn, EuS“, 
IS formed, as a biwn-yellow precipitate, becommg dark-brown by calcination 

SUTHEWHTIW-COMPOWWBS.AWtMOWIACAI.. a. St-amMonuicn/ —The 
oxide, RuO 2NH“, is obtained by evapoiating a solution ot the letrammoniac.il oxide, 
EiiO 4NII“ ill a dry vtieuum, us a yellowisli-brown spongy mass, foimcd uf sin.ill, 
very doliquescent, crystalline lunimse, containing 6 at water When placed on tlio 
tonciie, it exerts a caustic action, stronger even than that of potash Its salts 
resemble those of the following senes, excepting that they are of a darker colour — 
Tcti nmmoniacal — The chloride, EuCl® 1NH“ 3H=0, is obtiimed by dissolving 
1 pt. of chlororutbemiito of ammonium, 2]<tH'Cl EiiCl^ in 18 pts. of water, boiling the 
solution for an hour with 30 pts, of caustic ammonia and 1 pt of ammomnm- 
oaibonate, evaporating to di-yness over the water-bath, digesting the piilvoriscd 
crystalline mass with I pt of water, and washing it on a filter with weak alcohol, till 
the free sal-ammoniac is completely dissolved. The salt when dry is dissolved in 
4 pts of hot water containing a little carbonate of ammonium, and the solution, filtered 
while still hot, duposits the salt on coolmg in beautiful goldon-yfiUow, oblique rhom- 
bic ei-ystals, which are not very soluble in cold water, and quite insoluble in iilcohol 
The crystals retain their water till they are heated to a temperature at which they 
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undergo complete decomposition, leaving metallic rnthenuim. The solution has a 
strong tendency to form slightly soluble compounds with other metalhe salts. Oaustic 
potash does not eliminate ammonia from it at ordinary temperatures, but liver of 
snlpluir immediately sets ammonia free , with chloiide of platinum, it immediately forma 
a precipitate of tho compound KiiCF 4NH“.Pt01' 

The eblonde, treated with oxide of silver, yields the oxide Eu0.4NH’, which, how- 
ever, has not been obtained in the solid state, as its solution when evaporiited gives 
off half its ammonia, leaving the oxide BnO 2NH^ already described Tho solution 
of the tetrammoniaeal oxide resembles that of potash , it absorbs carbonic acid from the 
am, expels ammonia from its salts, precipitiitos metallic omdes, and dissolves alumina . 
it does not, however, exert any action on tho salts of copper or silver. 

The oxygen-salts of this base, obt.iiiied by decomposing the chloride with the cori’e- 
Bponduig bilver-salts, are very soluble in water, hut, for tho most part, insoluble in 
alcohol. Till' cinhoiiate, KiiCO® 2HH”.5H'‘0, is solnhlo, strongly alkaline, and crystal- 
lises in liglit-.'i ellow riiiiinhic prisms. The mvtmte, Bu(N0’)''‘.2NH“.21I“0, forms am.ill 
rhomboidal pri • uh li.iv, m, a sulphur-yellow colour and strong lustre, melts when ho.itod, 
and decomposes wuh slight detonation. The sulphate, EuSO‘ 2NH“ crystallises 

in fine transparent ihoinbic pLites of a golden-yeUow colour. ’When exposed to the air, 
they give otf part of then’ water, and become opaque, acquiring a metallic nspeet. (Claus, 
J pr Chem bcxix 28 , bexxv. 120 , Jahresb, 1869, p. 203 , 1861, p 320 ) 

RVTUEKFOBOITXI. A mineral from the gold-mines of Euthoiford County, 
North Carolina, whoie it occurs m small, brown, moiioolinio crystals, which exhibit in- 
c.indesoence when boated. According to Shepard (Sill. Am J xii. 209), it contains 
titanic oxide and ceric oxide ; according to T. S. Hunt [ibid, [2] xiv. 3'14), 68 per cent, 
titanic oxide, 12 lime, &o. 

Kxrnc ACID. Syn. with Capbic Acid (i. 742). 

RUTIIiE. A variety of native titanic oxide. (See Titanium ) 

BTJTIDIM'. The name applied by Braconiiot to a red resinous substiineo (oallod 
ohvtn by Mulder), piodiieed by snhcin with strong sulphuiTC acid, probably impiu’O 
saliretm 

RUTIir. C^“n“®0'* Rutimo Acid. Phyiomcbn Mehn. Vegeiahh YvlhmK 
(Woiss, Blnirm Ceutr 1812, p. 903. — Borntrugcr, Ann Cli Pliarm liii 386. — Eoeli- 
leder andHlasiwotz, Ixxxii. 197 — W. Stem, J. pr. Cliom. Iviii. 399 , btxxviii. 
280 — Hlasiwotz, Ami. Ch Pliarm. xcvi 123, further, Chem. Coiitr 1802, p. 449 — 
Zwengor and Dronke, Ann Ch Phaim cxxiii. 146 — Gm xvi. 600.) — A gluooside, 
winch appeiu's to be very widely diffused in the vegetable kingdom. It was first ob- 
tained from garden me, by Weiss and by Borntragev, afterwards from capers, the 
flower-buds of Cuppans spinosu, by Eoclilcder and Hlasiwetz, aUo by Zwengor and 
Brouke , and hum the so-called lYaifa, thcundeveloped flower-buds of Stophm-a japonica, 
by Stem and by W Martins (N. Jahrb Pharm i 241) According to Stem, saf- 
flower yellow IS unoiystalhsablo nitin , tho colouring matters of straw .iiid of Mthalium, 
Ilippuphue, and Pohjtjomm Fagopjirum likcwiso agree in character with rutin. 

Frepa) ation • 1 Fro7n Garden Rue — ^Tho dned and comminuted plant is boded for 
h.ilf-an-hour with common vineg.ir, .iiid tho expressed liquid is set aside for several 
weeks, or so long as it continues to deposit impure rutin The deposit is washed with 
colli water, heated to boding w'llh 4 pts of acetic acid and 10 pts of w.iter, llltored, 
and left for some days to crystallise. The crystals obtained thus, and by pumal eva- 
poration of the mother-liquor, are dissolved in S pts. of boding water , tho solution is 
tiT.ited with iimmal eharco.al , and, after addition of 1 of water, tho alcohol is dis- 
tilled off The rutin cryt.illises fiom the residue after some days, tho more readily tho 
less strongly the solution has been lio.ited (Borntrager, AVeiss). A gi'eon resin 
with which the rutin is coulumiiiatod is difficult to leiiiovc by crystiilhsation , it is more 
easily got rid of by acidifying the iilcoliolio solution with acetic acid, and precipitating 
with neutral acetate of load. On removing tho le.id from the filtrate by sulplijdrio 
acid, .iiid evaporating, the rutin crystallises, and m.iy be recrystallised from boiling 
water It stdl ooiilaiiis a substance resembling couinarin. troin which it maybe freed, 
though^ with great difficulty, by repeated boiling with ether (Zwongor and 

2. Fi om Preset ved Capets — Tho capers arc macerated in water for a few hours, 
after which the water is poured ofi; and tile capers are pressed; this process is repeated 
twice, to remove salt and vinegar The decoction, obtamod by twice boiling tho washed 
capers in not too large a quantity of water, tiirows down, on standing for 24 hours, a 
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large quaDtitj of jBllo'wisli''wHte flocks, wMch are collected, dried, and diasolwl 3ii 
boiSng alcohol, -whereby a golatinons substance is left undissolved. The alcoholic 
solution IS mixed -mth -water, and tho alcohol is distdled off, the residue then solidifif'S 
on cooling, from crystalhsation of rutin. Tho crystals are purified by pressing and 
reoryataUisation &om boiling water (Eoehleder and Hlasiwetz). Zwenger and 
Drohke add to the solution in hot water a few drops of solution of neutral acetate of 
lead (too much -would precipitate a compound of rutm and lead-oxide), and free the 
filtrate from lead by means of sulphydric acid 

3, From JFai/a.— The coarsely-bruised waifa is repe,atedly boiled -with alcohol of 
80 per cent , and the greater part of the alcohol is dietiUod off, whorenpon the residue 
thickens to a pulp of impure rutm, amounting to 11 per cent, of tho wuifa employed. 
It 18 erystalliaed repeatedly from boilmg water, and after-wards washe'd with cold water 
(Stem) To purify the rutm, hydrate of lead is added to tho boiling alcoholic solu- 
tion, so long as it is colomied brown , the solution is filtered , and the rutin is tlmowii 
down from tlie filtrate by an additional quantity of lead-hydrate The latter pm-o 
yellow precipitate is decomposed by alcoholic sulphydne acid, and the filtrate is free 
from sulphide of lead, and evaporated to crystalhsation (Stein.) 

Properties — ^Butm crystolliaes from its aqueous solution in pale yellow-delicate needles, 
probably ha-vmg the composition It has a slightly styptic, afterwards 

saline taste. The ciystnls, heated to 100°, give off from 1 61 to 3 13 water, and 
leave a hydrate coutaimngC''“H“0*‘.2H'0 (mean of analyses, 49 51 C, 6 47 H, 45 02 0 , 
calc. 49 66 0, 6'28 H, 46 06 0), which, at 160° to 160°, gives off its 2 at. water (6'SS 
— 6'02 per cent), and leaves anhydrous rutin, 0'"H“0“, coutaming 62-60 C, 6 02 H, 
42-32 0 (calc. 62 81 0, 4-93 H, 42 27 0). (Zwenger and Dronke ) 

Eutin 16 nearly insoluble in cold but dissolves easily in boiling w.iter, forming a pale- 
yellow solution, which is decolorised by acids, and qmckly deposits the rutin on cooling. 
It dissolves slightly in cold absolute alcohol, freely in boiling alcohol of 70 par cent , 
Bini ciystivlhses therefrom only on concentration and addition of water It is insolnhlo 
in boiling ether It dissolves freely in hot aceiio acid, and is partially deposited on 
cooling. By digestion with moderately dilute mineral acids, it acquires a lemon-yellow 
ooloiu’, and is rendered paler again by water , when heated with aoids, it dissolves and 
suffers decomposition (wfra) It absorbs hydrocUorw acid gas. (iStoin ) 

Eutin dissolves easily in nZAahs and alhalme carljonates — iitso in haryfa-j strontia-, nmX 
Ime-mtcr, forming yellow solutions, which deposit the rutin unaltered on addition ot 
acids, and turn brown in the afr from absorption of oxygon. According to Stem, it ilo- 
oomposesc-urionntc of sodium Msi/errocyamde of potassium. It is eolonred dark-grmi 
by, /(MIC chloride, brown-red to greenish by /crroKSo/i/oivdc Acetate of hud, added to 
an alooholie solution of mtin, or in excess to aqueous rutm, forms a yellow preeipitato 
containing C“H“0'h2Pb"0 (Borntrager; Eoehleder and Illasiwetz.) 

BfOomposttiOTii. — 1 Eutin, after dehydration at 160°, cakes together at 100°, and 
then melts to a yellow -viscid liquid, which, on cooling, Rolidiftos to an amoi-phoiis 
mass, and hikes up water when immersed in it Wlien more strongly heated it us 
e.ii'homsed, emitting an odour of caramel, and yielding a distiUato ooutaiiiiiig quercetin 
(Zwenger and Dronke) Eutin, melted at 180°, forms a yellow viseid liquid on 
cooling, and partly crystallises ; at 220° n yellow suhliniate is produced (B o r ii t r a g cr). 
Over a bath of oil of vitriol, rutm becomes coloured at 100°, melts at 120°, giving 
off giis-bubhles, boils at 200°, imd is decomposed at 290°, yielding products of distil- 
lation. The water evolved at 200° over the oil-bath contains formic acid , a solution 
ot the melted mass in a little boiling water throws down umoiphous queieetiii on 
stiiding (Stein) — 2. iVitnc acid boiled -with rutm produces chiefly oxalic acid 
(Zwenger and Dronke) According to Stein, it forms picric acid with .i trace of 
oxalic acid Cold nitric acid colours rutin yellow, then quickly olivo, and at last led- 
hrown (Stein) — 3 Eutin forms with oil of mtnol a brown-yellow (olii o-greon, 
acenidiiig to Eoehleder and Hlasiwetz), afterwards brown-red solution, without libera- 
tion of siilphnrous ncid ; water throws down from the solution, after an hour, oU\ u- 
gi'oen flocks, after twelve hours a violet precipitate , and tho siipcrnatant licimd, wliiin 
evaporated and freed from sulphuric acid, yields easily solubln cryshils (.Steiii)^ — ^ 
4. When boiled with dilute mineial acids, laXin splits up into sugar (Stein) and 
quercetin (Hlasiwetz) The decomposition takes place -a'ltli peculiar r.ipulity in an 
alcohoho solution , it is also effected hy formic and, especially at a temperatiire of, 
1] 0°, When rutin is dissolved in boiling acetic acid of 60 per cent , and again crystal- 
lieecl, tho amount of carbon in the crystals (dried at 120°) is incroiised to 6l 8 or 52 
jiercent. , it now reduces coppr solutions, and has, thorefore, been partly coiucvtcd 
into quercetin (Stem) The decomposition is not effected by omulsin (Zwenger and 
Dronke) Eiom 100 parts of rntin, dried at 100°, 39 24 to 43 25 parts (mean 41 9) 
of qiieioetin were obtained, coiTesponding with the equation, 

C“H™0'‘ + 3H*0 = C'H'vO® -s 
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Calculation, 43 37 per cent queicotin (Zwengor and Dronke). Hlasiwetz (Wien. 
Akad Ber. 17, 400) obtained 68 03 per cent quercetin and 44 5 percent sugar. 

5 Butin, treated in iiqueoua or alcoholic solution with sodium-amalgam,^ is converted 
into paracarthamin (Stem, iv 341 ) 

6 It reduces nitrate of stiver and trichloi ida of gold, not cuprate of potassium. 
With water and stlvcr-oande, it forms a dark-red liquid, which leaves, on evaporation, 
a brown amorphous residue. (Stem ) 

RUTINIO ACID. Syn. with Butin 

RtrTXKT-STrO'AB. This sugar, isomenc with glucose, is produced, together witll 
quercetin, by boiling mtin with dilute sulphuric acid, and, after removing the quercstin 
and siilphnnc acid, may be obtained, by evaporation, solution m alcohol, and precipi- 
tation with ether, as a eoloui'less, uncrystaUis.iblo syrup It does not act on polajj^ 
light, reduces cuprate of potassium in the cold, yields with boiling nitric acid, 
but no picric acid ; and is nut fermentable 

H.tJT'S'Ii. Syn. with Capryl, 0'"H'”0, the radicle of ratio or enpne acid, It^ 
also apphed, hut incorrectly, to the alcohol-radicle properly culled Decyl. (See 

l\fPliNDlS ) 

RUTYXiEIirE. (A, Bauer, Ann Ch Phiirm cxxicv, 344; Bull Soc, 

Chim 1866, u 265 ) — h. hydrocarbon polymeric with acetylene, and perhaps identical 
with menthene, produced by the action of alcoholic potash on tribromide of diamyleh® 
C'"II"Br“. It IS related to diamylene and rutyl (C*"n'“0), in the eaine manner ffi 
valerylene, C‘H*, is related to amylene and valerjd, mid to campholio acid, 
the same manner as orotouyleno, C*H*, to crotome acid, CIPO'^ , 

Butylene is a oolouileas liquid, lighter than w.ater, and having an agrneable Odotir; 
somewhat like that of turpentino-oil Bods at about 160° Vapour-doiisity, obs «= ‘ 
4'843 , calc, 4 778 It is insoluble in water, soluble in alcohol and in ether. Bromine 
attacks it strongly, with formation of hydrohromic .leid and separation of charcoal. If, 
however, rise of temperature he prevented, di bromide of rutylene, C'"II“Br®, is 
formed This is a very nnstahle compound, which deconqiosea even at ordinary tem- 
peratures, and acts strongly on acetate of silver and on alcoholic potash, probably 
forming, in both cases, tho hydrocarbon C'“II'“ 

RYACOliZTS, or Uhyacolitc (from pilo{, a lava-stream). A mineral from 
Vesuvius, having the crystallisation of felspar, and resomhling the glassy variety. 
(Dana, u 246 ) 

RYE. See OnaEOis (i 823) — Ergot of Bye {Clavwcps purpwea.1:.) contains, 
according to Neidhardt (N Jahrb Phiirm. xviii 193; Jahresh. 1892, p. 616), 31'06 
per cent, fat oil, 2 69 resm, 1 3 red colouring matter, 0 8 mamiite [myeose, according to 
Mitsoherlioh and Berthelot, in. 1068], and 3'9 osmazome, together with phos- 
phates, a volatile base (trimethylamme), gum, and fungin (cellulose with red colouring 
matter). The ergotine of Wiggers (ii 499) is regarded by Neidhardt as rosin. 

Ergot may be detected in rye flour by first boiling the flour twice with alcohol, to 
remove fatty and resinous matters, then treating the expressed residue witli alcohol, 
and adding from 10 to 20 drops of dilute sulphuric acid If the rye-flour is free from 
ergot, the liquid remains colourless, or exhibits only a faint yellowish tinge , in tlie 
contrary ease, it aeqmres a red' colour, more or loss deep, according to tho quantity pf 
ergot present (Jacoby, Anal. Zeitschr. m. 609, Bull. Soc. Ohim 1866, i. 207. See 
also Handworterb. de Chm. vu. 730 ) 


SABADIEEA SEEDS. The seeds of Veratrum Sabadilla (Betz), or Veratnm 
officinale (Sehl.), a oolchiaeeous plant indigenous in Mexico, contam, according to 
Couerbe (Ann Ch Phys [2] lu. 362), two orgamc bases, veratrme and sahadillino, 
and two acids, sahadiUio or eevadic acid (i. 843), and veratrio acid, together with helonin 
or veratrum-resm. 

Sahadillino, according to Couerbe, is extracted by exhausting the 

pulverised seeds with alcohol of specific gravity 0‘845, treating the residue left on dis- 
tilling otf the alcohol with dilute sulphuric acid, decolorising the liquid ivith animal 
charcoal, and adding caustic potash, which procipit.ites sahadillino, hydrosahadillmo, 
and verati'iue, together with two non-hmucsiihstiinces This precipitate is dissolved in 
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(liUite Bulphime acid, and tlio solution is mixed inth nitric acid as long as a black 
pitchy precipitate is produced The liquid filtered therefrom is precipitated by caustic 
potash ; the precipitate is -washed, dried, and dissolved in absolute alcohol ; and the 
uiOBS remaining after evaporation of the alcohol is boiled with water, which takes up 
sabadiUine and hydiosabadilhne The former separates on cooling m stellate groups 
of apparently cubic crystals, which have a faint rose colour, but may be rendered 
colourless by recrystaUisiition 

Sabadillme has an extremely acrid taste it begins to melt at 200“, and decomposes 
at higher temperatures, emitting fumes, and leaving a bulky cinder It is moderately 
soluble in hot water, the solution having a distinct alkaline reaction, freely soluble lu 
alcohol, insoluble in ether. It is decomposed by strong mineral acids, hut forms 
crystaUisable salts with dilute sulphuric and nitnc acids 

According to Simon (Bigg. Ann xliii 4931, sahadilliuo is not a definite substance, 
but a mixture of resin, alkah, and veratrine, the latter being precipitated by ammoiii.i 
from the solution of the so-called sahadiUino in snlphurio acid Accoiding to 
Hubsohmaiin, on the other 'him^ {MitUieilungen des Schweizcr ApcthcJuTuninn, 
Band lU. Heft 1), sahadilline is n definite compound, and is distinguished from 
veratrme by not exciting sneezing, by its insolubility in other, and by not being pre- 
cipitated by ammonia from its solution in sulphuric acid. 

Eydtosahadillmean Sabaddla gum lesin, C-'H-'N-O", difibring from sabadillme by 
the elements of 1 at. water, is contained, according to Couerhe, in the aqueous mother- 
liquor of the latter, and separates on ciuporation in oily drops, which solidify to a 
reddish resinous mass. It molts at 166°, is very soluble in alcohol, nearly insoluble, lu 
ether, has an allcahne reaction, and unites with acids, but does not foim crystaUisable 
salts. 


SACCHABAnUDB. 


(c«|orjo: 


(Heintz, Pogg.Ann ovi. 93; 


Jahresb 1850, p. 290.) — This compound separates as a white precipitate when dry 
ammonia-gas is passed into an ethereal solution of ethylio saccharate (p 143). It may 
be orystalbsed from warm water, but is converted by boiling with water into sacohu- 
rate of ammomnm, and is quickly decomposed by acids into ammoma and saoeliiiric acid 

SAOCHABXC ACID. = (C»H<0^)''| 0*.— An acid, isomeric with 


muoio acid, produced by the action of iiitrie acid on cane-sugar, glucose, milk-sugar, and 
mannite. it was first observed by Schoolo {Opuaculn, ii 203), who mistouk it for 
malic acid, nndithas been studied by Qiierin-Varry (Ann. Ch Phys [2], xlix 280, 
bi. 318, IxT 332), Erdmann (Ann Ch Pharm xxi. 1), Hess {ibid xxvi. 1, 
XXX 402), Thaulow {thd xx-ni 113), Liebig {ibid xxx. 313, cxiii 1 ; .T.ihresb 
1869, p 261), and Heintz (Pogg Ann Ixi 316, cv. 211, evi 93, c-vi 265, 291 , 
Jahresb 1858, p 261, 1859, p 290, 1860, p 269) See also Gm. xi. 513, Qerh ii. 
146 . Hekuli’s LeJirbuch, n. 238. 

B'eparation —1. One part of cane-sugar is warmed with 3 pts. nitric acid, of specific 
gravity 1 25 to 1 30, till a reaction is sat up , the vessel is thru removed from tlio 
fire ; and after the first brisk action is over, and the liquid has cooled to 50°, it is 
kept at that tempemture over a moderate fire as long as red fumes continue to csiMpe 
It IS then diluted with half its Imllc of water, and divided into two pnits, one of which 
is saturated with oai-bonate of potassium, and then mixed with the other, nr llin oiifiro 
bquid may ho neutralised with the allcalmo carbonate, and then tre.ited with excess of 
acetic acid. The liquid, after several days’ repose, deposits crysbils of acid putassio 
saccharate, which m.iy be purified by repented erjsUllisatiou from boiling water, wifli 
addition of animal charcoal, if necessary (Heintz) Or tile acid nmmoniiim-sult 
may be prepared instead of the potassiura-sidt. (Liebig ) 

2. When 1 pt. of milk-sngai is oxidised with 2) pts nitric acid of specific gr.avity 
1 32. diluted with 2J pts. water, mneie acid (about 33 per cent ) is first formed .ind 
separates out , and the hqnid filtered therefrom, consisting chiofly of a solution of 
saccharic acid, may bo concentrated at a gentle heat to about onc-thirii, .ind 
neutralised with carbonate of potassium. 

Pree saccharic acid is best prepared fr-om the cadmium-salt The acid saccharate 
of potassium or ammonium is dissolved in hoihng water , the solution, ncutiahsed with 
potash or ammonia, is mixed at the boiling heat with the solution of a eadmio salt, and 
boiled for some time, and the cadmie saccharate therohy precipitated is docomposed by 
sulphydnc acid (Heintz) 

Prcperties —Saccharic acid is not crystaUisable, hat if nee of temperatm c has been 
avoided during its preparation, it may be obtained in the form of a eoluiu-less brittle 
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mass. It IS deliquescent, easily soluble in watet uiul alcohol, insolnblo in etlior The 
solution of saccharic acid prepared from cane-sugar is dextrorotatory 

Dccompniiimii,. — Sacchani; acid turns biown even iit the heat of the water-hath 
It reduces the metal from solution oiauno chloride, and when heated, also from iinimo- 
nucal silver-iolution. When oxidised by nitno acid, it yields, first, dextiotartane, 
then oxalic acid. When heated with hydrate of potasnum to 260°, it yields ucetiito 
and oxalate of potassium 

0"H*K*08 -1- 2KHO = 2C2H»K;0“ + -e 2H=0. 

Saccl.arata Acetate. Oxalate 

Saccharates — Saccharic acid is mostly dibasic, forming, -with tlio alkali-mctals, 
both neutral and acid salts With lead, however, it forma a salt coiitiiiuiiig 3 at of 
metal, which replace Q at of hydrogen. 

The acid polaisium-salt, C"H”KO‘, prepared as above, forms tviraetrie crystals, ex- 
hibiting the eomliination coPeo ooP Poo . Angle ooP ooP =. 10.3°2fi° , Pm Pm 
131° 46 Axes a A.o = 1 7631 2‘233S 1 Ohavage easy, piirallel to oP It 
IS somewhat difficult of solution in water, 1 pt of itiequinng from 80 to 90 pts of 
water The neutral potassmm-ialt, C“II"K-0", forais a crystalline ciiist The and 
ammomum-satt, C*II”(NH*)0", forms quadriUteral jirisms, alioiil .is solulilo ns the 
corresponding potassium-salt Tlie neutral ainminiium-salt and the iodium-iult.', iiave 
not been obtained in the crystalline form. 

Sacoharate of barium, C“H*Ba''0", and the corresponding .strontium- and ralciim- 
sedts, are precipitates insoluble in water, and when obtained from hot solid ions, consist 
of miorosoopio crystals P’reo saccharic acid does not precipitate the salts of hnriiiin, 
strontium, and calcium, but forms prceipit.itcs witli baryta-, stontia-, and lime-water 
Soluble saccharates, even the acid salts, form procipitalos with barium-, stioutium-, and 
ealolum-salts 

The magneemm-sali, C“H*Mg''0' 3H-0, the sinc-salt, C“II"Zn''0’ TI-0, and the 
cadmiimi-smt, C‘H“Cd'0®, are cry.stiilhuo, ue.arly iiisoluhle in cold water, somewhat 
soluble in boiling water When nenlrul s.icchiuiite of potassium or ninnioiiium is 
precipitated by a cold solution of ciidniuim-salt, a floeciileut prceipit.ite is formed, 
which cakes together into a resinous mass , if the two solutions are mixed at the boiling 
heat, a white heavy powder is formed, consisting of microscopic noedlos 

'Tile biimuth-halt is obtaineil,'u3 ii.flocoulentproeipit.ito, on adding uoutriil aiioohiirato 
of putiuisiura to a solution of bismnth-nitnite in a l.irgo quantity of water The 
coppei -salt IS obtained by dissolving cupric liydimte m aqueous sacchario acid Tlio 
green solution, if free foum excess of acid, deposits a green precipitate, wliioli does nut 
blacken wlien boiled The fenous salt is obtained, as a gummy muss, by dissolvnig 
metalho non in saccharic iioid and evaporating Feme hydrate dissolves with yellow 
colour in saoohiirio acid and sacoharate of potassium. 

Saccharates of Lead — These salts vary greatly in composition, accoiiliiig to tlio 
manner in which they are prepared. Wlien saechiirate of potassium is boiled with 
excess of neutral lead-acet.ito, a resinous salt sepaiates, .igreoing approxiraiitoly in 
composition with the formula C'’'H'*P"b“0'“ , and by boiling the solution deeantoil there- 
from, an amorphous salt is obtained, corresponding with tho formula 0“il"I*"li-0'' 
(Hointz). Thuulow, by' tho same process, obtained a heavy graniiUr piecipiliitc, having 
nearly the composition C'®"P"b*0'“. If the boiling be piolonged, tho preeipitivto 
becomes contimiiiUy richer in lend, and after 9 or 10 hours' boiling, h,ia tlio com- 
position C“H^P''b''0*. (H e 1 n Iz ) 

Sacoharate of silucfr, C“H"Ag^O®, is obtained by mixing the neutral potassium-suit 
with nitrate of silver, as a wliito precipitute, which, in pioscnce of an excess of tho 
potiissnim-salt, rom.iins white on boiling and becomes crystalline It is lery solublo 
in ammonia, the solution depositing moUllic silver when boiliul. 

SACCHARIC ETHERS Feutral Ethyh,^ saceharafe C“Il“(C‘'H‘')'-0“, is obtained 
by p.issing bydrochlorio acid gas into n solution of 6.iccharic acul in absolute alcohol, 
or, better, into absolute aleoliol containing saccharalo of calcium iii suspension. In 
the hitter ease, a crystalline compound of othylic saccharato and chloride of calcium, 
2C“H“(C“B;‘)'“0* Ca"CP, separates, which is easily soluble m water, slightly soliihlo 
in alcohol, insoluble m ether On dissolving this compound in a small quantity 
of water, adding a little alcohol, and a strong solution of aodic sulphate, evaporating 
quickly to dryne.ss in a lucunm, exhausting the residue with alcohol, and adding a 
large quantity of ether, a solution is obtained, which, when left to evaporate, leaves 
the neutral ethylio saccharato in the form of a syrnp, which gmduiilly .solidifies to 
a crystalline mass It is easily soluble in water and in alcohol, slightly soluble 
111 ether The etheroiil soliiLioii, treated with dry ammomn-gas, yields saccharamido 
(p 142). (Heintz, Pogg. Ann. cv 211 , Jahresb. 1868, p 251 ) 
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mityl-aacchano and, C“H'(C=H‘)0“ has not yet been obtained , but by passing 
hydiochloric acid gas into absolute aleobol m wbieb acid sacebarate of potassium was 
suspended, Eeintz obtained a erytalbsable compound, C“H'(C’H=)0“, containing 1 at. 
water less than etbyl-eaccharic acid — probably the ethykc ether of the first aubydrido 
ofsaeebarieacid 

Aiih>diido Ether 

SACCHABID. C“H'"0'‘ — compound produced, according to &dlis (Compt 
rend xlviu. 1062, Jabresb 1869, p, 617), by heating cane-sugitr for some time to 
160°. The sugar is then converted into a mixture of siiccbarid and dcxtroghicose 
CisH^O" = C“H'"0“ + it acqntres the appearance of fruit-sugar, onlylmlf 

of it 13 fermentable ; and it reduces only half as much cnpiie oxide in iilkulmo solution 
as an equal quantity of glucose or inverted sugar By the action of dilute acids, how- 
ever, it is rendered wholly fermentable, and then behaves towards reducing agents like 
ordinary glucose. 

SACCBA3tIBl3S. Berlbelot applies this term to compounds formed by heating 
dextroglueose, and other kinds of sii^ar, with organic acids The fonnation of these 
compounds is attended with elimination of water, and they are capable of biviiking up 
again, by assimilation of water, into the onginal acid and carbohydrate . eg . — 
20®0’ -y 0“H'’0» - 311^0 = C"H“0’. 

Butyric uclil. Glucose Dlbiityro. 

glucose 

-t C»H'=0' - 7H=0 = O'WO". 

Acetic acid. Glucose. Hcxaceto- 

glitcoco 

4C<H»0' -1- C'H«0» - on^'O = 

Tartaric acid. Glucose. Glucnso-tctra- 


The saccharides are subdivided into gluoosidos, or those produced from dextrn- 
gluooae, levulosidos, from Imvo-glueose , galactosides, from lactose or milk- 
sugar, and inosides, from inosite. The naturally occurring bitter pnnciples, wbioli 
are resolvable by boilmg with dilute acids into an organic acid and ^ueneo, but 
have not been prepared artificially, are analogous in compiosition to Bortlielot’s 
saoebandes Bertbelot bkewiso includes luider aacchanilcs the compounds formed by 
the action of acids on starch, dextrin, cellulose, and otliov cavbohydmtos c.g., xyloi- 
din from starch and nitnc acid, pyroxylin from cellulose and nitvio acid. 

The formation of the sncchaidaos oeoiir.s for tlio most part by long eontiiot at 100° or 
120°; with some kinds of sugar, ns with trolialose, the t.omperatui ’0 may bo raised us 
high as 180°. Only a part of the sugar thus enters into combmation — They are 
deeomposibla info their constituents under the same conditions ns the fats, but witli 
greater difficulty. Water scarcely acts upon them at 100° ; at higher tompciatuves 
the sugar itself would be destroyed. Continuous boiling with (blute acids decomposes 
them completely mto the original neid and ferniontablo sugar, part ot tlio liittiT,boiv- 
ever, easily undergoes a further decomposition into glueie acid and bumus-liko bodies. 
Some saccharides suffer decomposition by contact with fornieirts. 

The saccharides, bke the natural fats, are soluble in water when they cout.iiii a 
Tolutile acid ; insoluble when they contain a fixed acid. The soluble saccharides have 
an intensely bitter taste, they deflect the polarisation in the same direction us file 
sugar from which they are derived , none of them are volatile, hut some of them emit 
a peculiar smell when warmed 

Eespeetmg the claBsifleation of the saccharides, see Bert helot, Chiime Orgamqve 
fondk sur la Synlhete, li. 271 , also Gnultn’s Haadlmok, xv. 317 

SACOHABIMBTEBS and SACCBABOBSXIS'BRS. Instnimoiits for dotor- 
miuing the amount of sugar contained in sulufioiis The latter term is, however 
apphed more especially to hydrometers gr.idiiated for the purpose (See Suoab ) 

SACCBABITE. A granuhir variety of andesm, having traces of cleavage in one 
direction, occurring m veins in serpentine at the chrysoprase mines near h’mnkenHtein 
m Silesia Specific gravity =. 2-668 Contains, according to Schmidt (Pogg Ann 
hd 386), 68-93 per cent, silica, 23 60 alumina, 1-27 feme oxide, 5 67 lime 0-66 
magnesia, 0 06 potash, 7'42 soda, 0-39 oxide of nickel, and 2 21 water. 


SACCBABOIS. a name 
identical with orciii, pioduced 
(ethylie orsellinate) 


given by Kane to a sweetish Buhat.ince, pi-oluibly 
by the decomposition of Heeren’s pseudo-orytlinu 


SACOHABOmZlTEB. See Sacchabgueteb. 
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BACCHASlirM. Sjii with StioAB 

SACCKWIinilKri SACCHITIiMIC ACXS. Brown suhstanees obtained m the 
decomposition of sugar by dilute acids. (See TJljiin ) 

SAPEXY-liAIVlP. (See Comhhstion, i. 1101.) 

SAPBXY-TUBH. An arrangement adapted to a gas-geneiutingyessel, to prevent 
the liquid into which the delivery-tube dips, trom passing back into the vessel, in con- 
sequence of diminished internal pressure Tlie simplest form consists of a straight 
tube piiasiug through the cork of the generating vessel and dipping below the surface of 
the liquid, or of a tube bent twice at right angles, passing just through tho cork, so 
that a portion of liquid may remain m tho lower bond, and form a liquid joint, cutting 
off the communication betwoen the inside of tho vessel and tho external air In either 
case, whan the pressure within tile vessel becomes less than that of tho iitmosphore, air 
■nuU puss in through the safety-tuho and restore the equilibrium The safety-tube 
hkowise dimuiislies the d.uigor of bursting from .siiddon mcroaso of tension within tho 
vessel (Por figures of various forms of safety-tube, soo Handuiorterlmch der Chemv, 
vii, 853 ) 

SAPPEOBEXE. Kativo arsenide of oobidt, coiitnimiig a considerable quantity of 
UKiii (Hoe CouAiT, 1 1042 ) 

SAPPEOWEB. Oaithamua iinctouvs (i 808). 

SAPPBON', A yellow substance, consisting of tho diiod stigmas, with paid of llie 
styles, of the aafli'ou crocus (C; 01 MS satiiiMs), a phuit indigenous in (ireoco and Asia 
Minor, and estonsively cultivated m Austria, Friince, .ii»l Spam, foiiiierly also in 
England Tho stigmas aio from an iiiUi to Ij, inch long, nniTow and roundish where 
they are attached to the stylo, but spreading and club shaped ne.ii tho extremity, which 
Is truncated They have an orange or browuish-rod colour, jillowintliomiirowerimrl, 
a strongly aromatic, almost intoxicating odour, an aromiilie hit ter tasto, and iinpait a 
strong yellow colour to the sahi.i, as also to water, alcohol, .iml oils Strong sulphuric 
acid colours tliem first iiidigo-bliic, then red, and fin, illy brown 

Saffron is used us a dye, also in medicine, chiefly for the colouring of tinctures, &u 
On account of its high price, it is often .ichilteraled with other siilistanees of similar 
colour, such as the floiets of the s.ifllowei or tlio mangold, shecs of the flowers of Uie 
pomegranalc, &o , but those substaiicos nru easily deteetod, on close exuniiiiiition, by 
their different shape and colour Saffron u.is formerly met with in two forms, c.illed 
kmi-saffion and cahe-mjli on , but the former is now clone in demand, tlie hitler 
being entirely an aitifleuil compound of tho florets of the Bidllower, gum, and other 
materiids, 

According to an analysis by Bouillon-Lagpimge and Vogel, saffron contains 7'fl per 
cent of volatile oil (meluduig ste.iroptene), 63 0 saffron-yellower saframu, 0 ff wa,\, 6 fl 
gum, 0 5 albninin, 10 0 vegetable fibre, and 10 0 water 

Quadrat, by evaporating an elliercal extract of saffron, obtained a yellowish fatty 
body, which was partially soluble in boiling alcohol, and when treated w ith hot water 
left a snow-white residue, melting at about 48° As the alcohol cooled, erystala sepa- 
rated out, while a fatty body (f oJoio acid) remained in solution. Similar crystals wein 
likewise obtained by directly boiling the saffron with absolute alcohol, and leaving tiie 
liquid to cool Quadrat also found in saffi'on, glucose and a perh.ips peexdiar acid. 
Safll'on when burnt left 8 9 per cent ash, containing potnsh, soda, lime, mngnesm, 
eldorine, sulphuric, phosphoric, silicic, and e.arbonie acids (Handw. d. Chcm.,y\\. SI , 
Tmwj Ctjdopcsdia, xx 309.) 

E APB AKTIsr, or SAPPBOW-ITBEEOW. (Boiiillon-Lagr.angoand Vogel, 
Ami Chim Iviu 198, — E Henry, J Ph.um. viii. 399 —Quadrat, J. pr Ghem. hi. 
68.) — A colouring matter obtained, though not m tho pure state, from saffron Quadrat 
prepares safmmn by first cxliimsting s.iflron with ether, thou boiling it with water, 
and preoipitiitiiig the decoction with acetate of load, decomposing tlie precipntute with 
sulphydrie and, then washing it, and boding it with alcohol of 40 per cent. Tim 
alcoholic solution when concentrated flist deposits crystals of sulphur, and on 
ovaporating the remaining liquid to dryness, di,-.solving ui water, filtering, and Bg.iiu 
evaporating, safrniiin is obt.iiiiod as a roseate inodorous powder, oasdy soluble with 
yellow colour m water and alcohol, very slightly soluble in ether, and slowly .altering 
by exposure to light and air. It is coloured blue by strong siilphmic acid, green by 
nitric noid, blackish by hydrochloric acid Hochluder f J pr Chem Ixxiv 1) legards 
saffron-yellow as identical with the colouring matter of the pods of dmdema yrandi- 
Jlora, and designates both as orocin (n 108) 

SAnAPENUSa. A gum-rcsln imported from Egypt and Persi.a, and probably 
derived from ITmdajimica. It occurs in coninierce, in vollow or reddish atrulomcruted 
VoL. V. L 
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gi'amilea, having an odour of garlic and an acrid hitter ta'ite. Tt boftens in flio 
hand, hut does not melt at a higher temperature. Contains, acording to Briindeg, 
volatile oil, two resins, hassorin, gum, malic acid, ash, and impurities — It yields uin- 
helliferone hy diy distillation (Sommer), and when treated with nitric neul, forms 
styplmio orother acids. (Bottger and Will , Braudes, K. Tr ii 2, 97, Pollotier, 
Bull. Pharm in 481 ) 

' The volatile oil of 8ng.ipenum is obtained hy diatillahon with water. It is lighter 
than water, yellow, limpid, and has a ropulsne odour of garlic When exposed to 
the sun and air, the oil is eomerled into a transparent varnish, aeqmnng at the siiiiin 
time a smell of turpentine Strong nitric acid, when heated with it, turns it thick and 
yellowish-red, with formation of ox.ilie acid. It assumes a dark-red colour with oil of 
vih'iol, and dissolves in alcohol and ether (Brandos) 

The alcoholie extract of sagapeiiiim is resolved by ether into two resins — 
a The ream insoluhle m ethr is hrown-yellow, brittle, inodorous and t.isteless, ,ind 
fusible when heated It dis.solves easily in warm caustic pohisli and in alcohol, lint 
IS insoluble in aqueous ammonia, and in volatile and fat oils — b The resm auliitile m 
cthn IS red-yellow, transparent, tough at first, and has n slight odour of aiigaponum, 
aud a mild, afterwards bitter taste It melts when warmed, and dissolves nith 
dark-red coloiu’ in oil of vitriol. It dissolves slightly m acpieous ammonia, partmlly 
only in eanetio potash, easily in alcohol and etlier, .ind very slightly m hot oil of tur- 
pentine and oil of almonds (Brandos ) 

Sagapenum treated with cold alcohol of specific gravity 0 83, yields a pale-yellow 
solution, a eonsiderahle lesidiio soluble lu water rem.iiniiig behind Tim pale-yellow 
resin, which remains on evaporating the alcoholic solution, has a strong smell of giiilie, 
melts at 100°, and gives up to water, when lepeatedly boded therewith, a siihstiineo 
having a hitter and omon-like taste the residue dried at 110°, dissolved in .ilcuhol, 
^in evaporated, and dried at 60°, is somifiuid, and contains 09 06 per emit C, 8 .11 
H, aud 21 43 0 , after being molted for some hours at 100°, it is darker, but si ill 
remains sticky, and contains 69 84 per cent. 0, 8 03 H, and 2Pfl3 0. (Johustu ii, 
Phil. Trans. 1840, p. 361.) 

A variety of Entile. (See Titanium ) 

SAGO. A kind of starch, prepared m the islands of the Indian Arolupeliigo, 
Madagascar, and Onine.v, Irom the pith of the stoma of cm tain palms e g , hujm Unm- 
phn W, /S farimfcnt Garin, S, Sajjia Jacq, 8 liaplm P B, .S' Ac aw ,I,u'i| , .S' 
^cnjimu Labill, &c , and in China and .Tapun from certain Oye.ads, as Ci/ni’^ari 1. 
and Opcas nwiluta L The pith is well stirred up with w.itcr on ‘sievfs, and Ilia 
starch deposited from the water is w.isliod, half dried in the air, then riilibed through 
suitable sieves, to granulate it , and finally dried, either in the open .uv, or in ovens at a 
heat of about 60°, whereby the grams become more or loss horny and tr.inslneeiiL 
Several kinds of sago are distinguished — White au(jn forms iiTcgnliir )inre nlutn 
grains, red sago, round regular grains, brown-red on one side, /novjii mq/.i, lonud 
irregular grams of vaiaous sizes, and of a grey-brown colour, lighter m p.n'ts , jii/nl 
sago, yellowish grains of the.sizo of a pin’s head. The specific giavity of sago vanes 
from 0 670 to 0 776. The grains, when steeped in cold w.itcr, take up more nr less 
of it, and swell up to several times their original hulkiheoamingtrausparont and gela- 
tinous The water takes up a small quantity of chloride of sodium, .iiid gives .i l.liie 
oolonr with iodine, as does also the swelled sago itself. The inierosoupe .shows tlml, 
the external layers of the grains have been most disorganised by the heat employed 
111 drying the sago 

The so-called “German sago” is prepared from ordinary wheat or potntn-sturih, and 
IS granulated ni the same nianiicv as geiimiio s.igo It is pure white, only p.ivtly 
somi-translneont, less liaid and more friable than true .s,igo 
SAHZ.XTB. A variety of Angite, from Salil.i, in Sweden. It has a dingy green 
colour, and is coarsely foliated, arming from composition parallel to the base. 

SAB. The Latin names formerly used in chemistry to distinguish salts are in sumo 
cases stdl retemud m pharmaceutical language The foUoHing are examples of these 
names — 

Sal aceiosdla Acid oxalate of potassium 
Sal alJiah natteralc. C.irbonato of sodium 
Sal ollcali vegetabile Carbonate of potas- 

8al alkali volatile siccum, or simply Sal 
volatile. Carboii.itu bf ammonium. 

Sol amarum. Sulphate of magnesmm 


Sal apmtivum Fnedcncmiimn Sulphate 
of sodium 

Sal uiiri plutosoplacum Acid sulphate 
of potassium. 

Sal cathartumn Sulphate of magnesium 
Sal conm m'vi. Carbonate of ammo- 
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Sal ^olych estnm Glaseri, 8. Lame) mnvm, 
8 Pauhimse Neutral sulphate of po- 
tassium 

Sal iifilijchr'Stum Scignetti Tartrate of 
potassium and sodium 
Sal Saiurm Acetate of lead 
Sal sec, etum Glatibiri. Sulphate of am- 
monium 

Sal seilativiim Ilojnhogii. Bone acid. 

Sal siiCLtni Aniher 
Sal tartan Carhonate of potassium. 

Sal uriam fiaum, S. fusible, S nativum 
Ammonio-sodic phosphate. 

S AliAniAIimEin, The common salamander, Lacerta salamamlra (L.), secretes, in 
the warts of its skin, a white milky liquid, which has a strong offensive odour and 
distinct acid reaction, is somewlwt viscid when fresh, and qnicldy coagulates ; nlcoliol 
causes it to coagulate immediately This liquid, when introduced under the skm of 
other animals, exerts a strong jioisonous action in buds itpioduccs violent convulsions, 
ending in death ; in mammals the coiivulsioiis are iniicli less violent, and the morhid 
symptoms iiltimately disappear without fatal result. The poisonous princijile is said 
to ha of basic nature, ami soluble in alcohol (Gratiolot and Oloez, Coiupt rend 
xxxii. 592, xxxiv, 729.) 

SAlAlffOAITA. Ell undo f«ri(fcn<n.— This hull is said to construct the edible 
neats obtained by the Chinese from the coasts of Cochin-Chiiin, .lav.i, nud other islands 
of the Indian Archipelago According to Mulder (J. pir Clieni xvii 59), the nests 
usually have theform of a spoon witliouttho hniidlc , they tiro white or slightly coloured, 
have a vitreous fracture, and contain about 90 per cent of a peculiar iiitrogeiioits suh- 
staiioe, which ho calls icosstn , also about 6 per cent jihosphiitcs, imd a small quantity 
of fat According to Payon (Pinis do Chtniie IndnsincHe, 4inii, dd. ii 727), the nutri- 
tive matter of tlicso nests, to which ho gives tho name of cubi/ose, exliibits the cha- 
racters of the neutral albuminoids 

SAXiSP, Saleh, Snlali — Tho tuberose roots of ccrtiiiu species of orchis, as Orchis 
Mono, 0 masoitla, 0 caiiophmns, 0 militain, 0 laii/alia, 0 maculata,&c. The roots 
are gathered in summer, when tho tuber of the pievious year has died away, mid the 
now one is fully developed They aic soaked fur a few nuiiutes in boiling water, and 
then dried. Salop thus prep.ired forms round or hand-shaped, somewhat flatloned, 
horny, translucent, greyish-yellow lumps, having a sickly taste and faint peeuluir odour, 
and easily reduced to a dirty yellow powder. In cold water this powder swells up 
slowly, in hut water quickly, to a bulky seim-tranKpurent jelly One ]it of salep is 
capable of conveitmg 48 pts. of boiling water into a thick gum, which becomes compiact 
ana solid ou the addition of magnesia or of borax 

According to some authorities, Salop consists chiefly of a gum rosenibhiig hiissoi in (ii 
856), with small quantities of st.ircluind gum; according toMuldtr (Ann. Oh Pharm 
xxvii. 283), of poetic acid According to Schmidt (j/mf li 29'), Salop, when examined 
with the microscojie, exhibits distinct grains of starcli, or at all mciits of a suKstaiico 
which is turned liluo by iodine Saleji-miicilage liquelles when digi'sted with dilute 
sulphuric acid, the iimyl.iceous subskiiice being converted into gum and sugar, while the 
cellular membrane torms a pirccipitate Salep-bassorin appears to consist merely of 
this Mctnbriine swollen by water Pulieiised siilep, dried at 10li°, left 1 59 per 
cent, ash, consisting of calcic carbonate with e.dcio and imigtiesie phosplutcs. 

SAIiHVSJjaATVSlBn. Syn. with IlYiinosAi,icTi.AMirai (ui 218). 

SAXiIClw. (Lcroux, Ann Ch Phys [2] xlin 440 — Braeonnot, 

thid xliv 296 — Polonzoand Gay-Lassac, ihtd xliv 220, xlviii. Ill — Pina, 
ibid Ixix 281, [3 I xiv 267— Bou'chardnt, Compt rend, xmii 299, xix. 602, xx. 
610, 1635 — Gerhiirdt, Ann Ch Phys (3] vii 216 , fiorfe, iii. 311.— Q m. xv. 430.) 
—This substance, discovered by Leroux, .in apothecary of iritry-le-Priimjais, exists 
ready-termed in tile barks of several species of willow and poplar, especially, accord- 
ing to Braeonnot, in that of Sah.v heluc, S. amygdahna, Populvs ticmida, and P gierca 
It appears also to be contained in the flower-buds of mcnclow-aweet {Spinea TJlmaria), 
and in the green parts of this and other licrbaccoiis spiivc.is, m.isniiuh as these plants 
yield sahcylol Iiy distillation with water (Buchner, N. Eepert Pharm. ii 1), also 
in castoreum (i. 814), being derived from the wiUow-harks which constitute tho principal 
food of tho beaver (Wohler) 

Salicin IS produced artificially — 1 By the action of na.scent hydrogen on helicm, 
(lu. 139). Wlieii an aqueous solution of that substiinco is digested with 


Sal diqcstivum Sylvn (Chloride of potae- 

SalfehrifugumSylmi.l Slum 

Sal duplwatum Neutral bulpliato of 

«r“ Crystallised ferrous sulphate 
Sal mtcrocosmicuni. Ammonio - sodie 
phosphate. 

Sal mirabilepet latum. Disodic orthophos- 
sS narcoticum vitrwh Bone acid 
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Bodium-anmlgtim, and evaporated to dryness after siipersaturation with carbonic ncid, 
Hiilicm remains m the residue, and may he extracted therefrom by alcohol (L i s o ii Ic », 
Zeitschr Oh Pharm 1864, p 677) —2 Together ivith benzoic acid, by boiling popn- 
Im (iv, 690) with lime or baryta-water 


Or, together with ethylic benzoate and benzamide, by heating popnhn to 1 00° in a 
sealed tube with alcoholic ammonia (Pina). 

Preparation. — 1. Six pounds of dry chopped willow oi poplar bark are boiled witli 
water , the liquid is strained, eoneentrnted down to 18 pounds, mixed while still hot 
with 2 pounds ot levigated oxide of lead, digested for 24 hours, and agiiiii Htraiind , 
the residue is tho"oughly washed , and the dltr.ite is evaporated to a syiiiji, nnil left lo 
crystallise An additional quantity of saliciii is obtained from the iiiother-lujiioi s 
after they have again been troaled with oxide of lead, and the ciiliro product is puri- 
■fied by repeated crystallisation (Diif los, Seliw. J. Ixvn 25) — 2 Tlio nqiii'Oiis decoc- 
tion of the bark IS pireeipitatod with basic acotato of lend, the filtrate is hoilod with 
chalk, tiU the excess of the basic acetate is decomposed, and the liquid becomes clear 
and colourless ; then ev.aporated to an extract, and this extract is oxhiuisled with 
alcohol of 34°, and left to crystallise (Pesohiei, Ann Ch Phys. [2] xliv 418) — 
3 Sixteen pts of hark are macerated with 2 pts lime and with water for 24 hours , 
the mixture IS hoiled for half an hour, and strained, the lesidiie is treated in liko 
manner with the sains qnuntity of lime us heforo, and tlio wliole of the liquids iiro 
decanted from the sediment, eoneentrnted, then mixed witli 6 to 8 pts of honc-liliicl;, 
and eyiiponitcd to comjilete dryness The residue, after bumg pulvorised, is oxhiinslui 
at a gentle heat with nlcoliol ol 82 per ernt , and the alcohol is distilled ott from the 
tinctures, the salicin then crystallises from the rosidiio in palo-jollow granules, 
which aio purified by recrystallisation with help of animal charcoal (Urdmanii, 
Perl Jahrh xxxiii 1, 136.) 

Properties —Ralicin crystallises in broad, tabnl.ir, or mostly scaly crystals, lielongiug 
tothetrimctricsystom.aiidcxhibitingthecombnutiiin ooP cof’eo .f’xi .Vxes, n 6 i, 
= 0 9274 2 1938 1. Angle, ooP wP == 139° 12', Pco Pot = 136° in' 
(Schiibiis) It is white, soluble in w.itor and in alcohol, insolulde in other iiinl in 
oil of tiirpentine 'Water at oriliiinry tcinporatiiros dissolves ahoiit 6 pts ot salicin, 
alcohol much less It melts at 120°, docs not give oflf water till heated lo 200°, nini 
decomposes at a higher teinper.ifurc, Its solutions havoabittoi taste, .iiid do not alli r 
vegetable colours According to some authorities, it possessesfobufiig.il jiropcrlies, 
The solutions turn the plane of iiolarisntion of light to the loft, [o])' = —66 8° 

Saliom IS not procipitated by neutral or basic aeotulo of lead, by golatm, or by in- 
fusion of galls 

According to Phips on (OAjot JMearj, vi 278), an alcoholic solution of 1 at s.alicin 
and 1 at. benzoie acid yields crystals of popiilm S.ihcin .also forms crystalhs.iljlc 
compounds with tartai lo and citric acids According to 0 Sohniidt (PmU Roc Chmi 
1866 , 1 287) salicin does not yield populin when ho.ited ns just mentioned heated in 
a sealed lubo with benzoic acid and water, it yields a yellow resinous body (sali- 
retin ?) and a solution which colours ferric chloride blue (sahgoniii 'i) 

Decompositions Salicin heated to 260° gives off water and saliejloiis acid, to- 
gether with acid vapours having an odour of caramel, and leaves a yellow residue’ in- 
soluble in water, which turns brown, and ultimately eurhonises By dry distillal ion it 
yields salicylol, together with aromatic products AVlioii distilled with .Siiilu-lime 
it yields a mixtiu-o of phenol and salicylol (aerhardt).— 2 By tho current of ,i 
Bunsen's battery of 400 pairs, B.ilicin is resolved into glueoso and s.iligenm, whieli 
latter is then converted into salicylol, nnd iiltim.atily into salicylic acid (Tieliuiio- 
Witach, Petersb. Acad Bull iv 8(1)— 3 It is not altered by o~w (Ooiud- 
Bosanez, Aim Ch Pharm ex 106) ^ 

4 When boiled with water and j)C/o,n(7f of lead, it yields a solution of lead-foniiiifo, 
and a leail-eorapnind of salicin. Distilled witliyioo.w/c of mnnijimesc and dilute sul- 
pliiirio acid, it yields large quantities of formic acid and e.irlioiiie anhydride , but a 
mixturo of sulphuric .leid and diehrmiiate of potassium converts it into carhoine anhy- 
dnde, formic acid, and salicylol. '' 

6. Sahoin is coloured rod by strong siilphunc and and the product is decolorised by 
water, the solution then contains a conjugated acid (Mulder’s sidultomfic and) 
together with unaltered saUcin If the iniihire be heated, there is also formed a roaiiioiis 
suhstanoe, called oliviu by Mulder, riitilin by Biiiconiiot, and jirobably identical 
with Pina s saliretm (ly. v ) The red colour imjairted to salicin by strong sulphuric 
acid may serve for the detection of saliem m willow'-hark. = i 
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6 Salieiii heated with dilute sulphuric or hydrocMonc amd ia reaolTod into glucose 
Hud saligemu 

C'“H‘»0’ + ffO = C»H'20» + 0’H»0» 

The Bfime tranaformation is effaotecl by contact with water and emidsin, at a tempe- 
rature not above 40® (Pina) ; or by digestion with sa&m at 38° or 40°. (Stadelor, 
J. pr Chem Isxii, 350 ) 

7 Salicm treated with very woah nitnc acid, at ordinary temperatures, is converted 

+ 0 = C'“H'“0’ f ffO 

Sometimes lielieoidin is formed instead of heliein, especially if the acid has a density 
of about 12° Bm. (Pina) When sahcin is boiled once or twice with nitric acid 
diluted with ten times its bulk of water, it turns yellow and gives oif red vapours, to- 
gether with tlie odour of saheylol , and the solution, if then mixed with a feme salt, 
acquires the colour of luk The same solution, when left at rest, deposits salicylons 
acid, tlio quantity of which gradu.ally increases on ev.iporation at a gentle heat, without 
boding But if the liquid be ag.ain boiled it becomes clear, and then on cooling 
deposits, after a while, noedlos of nitrosalicyhe acid, which are reddened by feme salts 
(Grorliardt) By the prolonged action of nitric acid, the salicm is nliimatcly con- 
vcilod into picric acid, together with oxalic acid. (Braconnot.) 

8, Salicm added hy small portions to boiling aqueous causliesodn.dissolves with eflfer- 
vesoeiice, and tho solution when B.itnrated with an acid deposits salirotiu. On distilling 
the neutralised solution, saheylol passes over, and a residue is loft containing sahoylio 
aoid and a brick-rod powder (Bouohardat, Compt rend, xix 1179).— 9, Bused 
with excess of potash, it gives off a largo quantity of hydrogen, and is ultimately con- 
verted into salioyhito and oxalate of potassium _ 

10 Chlorine converts salioiu into chloiosalicin, diehlorosalicin, andperclilorosaliein 
— 11. A mixture of hydrochlonc acid and rhloiate of putussmm ti'ansforms it into per- 
ohloi'oqumouo (p 29) Salicm distilled with /p/yjocifoi lie o/tfitoum yields chloropiorin, 
but no perchloroqumoiio (Stenbonse, Ann. Cli. Pluirm Iv 4, Ixvi 247) — 12 An 
aqueous soliitinn of siilicm mixed with chloride if iodine solidifles, iiftor a while, to a 
wliito magma of erystiils eoiit.iinmg lodmo, wliioli have not been further examined, 
(Stmi house, (Jhem Soc J xvn 327 ) 

13 Aflei tile mgostiuu of s.iliciii into the animal body, siilieylol and salicylic acid 
lire found m the urine (Lavcraii and Milloii, Ann Ch. Phys [3] xiii 14S) If tho 
dose is largo, the urine conhiins also unaltered siilicin, logotlior with s.ihgeniD, and 
perhaps also phenol. (Kanko, J pr Chom Ivi 1.) 

Substitutioii-denmtivcs of Sahcin 

Benzosalloln. C°“II-'*0' = C'*II'’(C’H“0)0' — This is tho composition of Popu- 
hn, a crystalhsahlo sub.sUiuce obtained from the bark, leaves, and root of the aspen 
(iv 689). 

CMorosallcln. 0’”H'’C10’. (Piria, f.3] xiv 276) — Crystallised salicm exposed 
to the action of chlorine gas, is converted into a red resinous substance, with copious 
evolution of hydrochloric acid , but when chlorine is passed into ii pulp composed of 
1 pt of finely pulverised salicm and about 4 pts of water, the whole gradually 
dis.solves, and chlorosiilieiii separates as a nacreous ery.stalbno piecqntato, which must 
be pressed in a cloth, diiod between bibulous paper, shaken up two or three times with 
ctlior to remove adhering resinous matter, and crystalbsod from boiling water, 

Cliloro.sahcin oryetalbsos in long, very ligbhsilky needles containing C‘'’II'’C10’ 2H‘0 
It IS soluble m water and alcohol, msolublo m ellier When heated, it first gives off 
Its water, then melts to a transparent eoluiivless liquid, and finally decomposes, giving 
off vapours of hydrochloric acid, and leaving a Urge quantity of charcoal. In contact 
with emulsin it is quickly resolved into glucose and ehlorosaligenm, C”iI''C10“. 
Strong Biilphnnc acid dissolves it with reddish colour When heated with dilute 
acids, it IS quickly resolved into glucose, and a resin rcsultmg from the metamorphosis 
of ohlorosiiligenm (Piria) 

Ptchl orosaUcin, 0'’H'“GT-0’, is obtained by the action of chlorine on the pre- 
ceding compound, or hy its prolonged action on salicm. It forms long, silky, snow- 
white needles, containing 2 at water, which they give off at 100°. It is inodorous, 
slightly bitter, neaily insoluble in cold water, sparingly soluble in boilmg water, 
moderately soluble m alcohol, and noaily insolnblo m ether By dry distillation it 
yields ohloroaalicylol, together with othor products Its aqueous solution does not 
precipitate metallic salts, Dilute acids convert it into glucose and a reddish resin. 
Emulsin acts upon it m the same mannei as on monochlorosalicin (Pina ) 

Perchlorosahain, is foimcd when chlorine is passed into a heated 
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mixtoo'of water and dicUorosalicin, containing lumps of marble to neutralise tiie 
hydrochloric acid as fast as it is formed It is then precipitated as a yellow crystalline 
powder, which must he shaken two or three times with ether, and crystallised from 
weak alcohol. It forms smaE yellowish needles, contammg 2 at. water, which is given 
off at 100°. It IS inodorous, but has a hitter taste, decomposes when heated above 
100°, and is resolved by emnlsm into glucose and a resinous product (Pin a.) 

Plumbosalioln, C‘“H"Pb’'0' [?], is obtained by pouring a few drops of ammonia 
into a hot strong solution of salicin, and gradually adding basic acetate of lead tiU 
about half the salicin is precipitated The lead-componiid then separates as a bulky 
white precipitate, resembbug starch when dried, having a bitter and sweetish taste, 
soluble m acetic acid and in potash. It does notgivo off any water at 100°. It is decom- 
posed by the weakest acids, sahciu being set free. Strong sulphuric acid colours it 

Lead- compounds of salicin of different composition are obtained under other cu’cum- 
stances, not very well defined (Pina ) 

SAIiICOSYX;, C’H“Oh A monatomic radicle which may be supposed to exist in 
saheylol, or salieylous hydride, C’II’0“H, and its donvalivos (p. 161) It was for- 
merly caUed salici/l, hut this name belongs properly to tho diatomic radicle of sahcylio 
acid 

SAUCTIi, C’H‘0 The djatomic radicle of salicylic acid and its denvntives. 
Kot known m the separate state. 

(G’n'O)"! 

SAtSCYIi-ACHifflc ACZB. C'H'O* == C=H’0 )-0‘.—Joctosalie^li<! and. 

n J 

[Formerly regarded ns Acetoaahcylw anhydnd^, C’H“0’.C*II*0, in accordance with 
tile monatomic formula of salicylic acid, C'H’O’H 0]. Discovered by Gorhardt, wlio 
ohtauied it by the action of chloride of aoetjd on 8,ilioyhi.lo of sodium (i. 31) It is 
also pioduoed by heating Bahoylic acid with chloride of acetyl. As thus obtained, it 
orystaHises m tufts of slender pnsius, dissolves completely iii water only at the boiling 
lieat, easily in alcohol and ether, and reacts with iemo salts hko salicylic acid It 
melts easily, and when heated a little above its molting-point, emits tho odour of acetic 
acid. It diBSolvee m warm nitric acid of specific gravity 1 2, the solution yielding 
crystals of a uitro-acid. (H. v Gilm, Ann Ch Pharm exii 180.) 

'im' 

SAX.XCVa.A'MCIC ACIB. O’H’NO* = (C®0 )''|q. (Cahonrs, Ann. Ch. 

Phys [3] X 349.— Mnspratt and Hofmann, Ann Ch Phnrm liii 226 — Lira - 
prioht, liid xcviii. 250, xcix 249) — This compound, metaraerio with oxybonaamio 
acid, phenyl-earbamic acid, and mtrotolnene, and formerly regarded as aahi'i/lamtdi', 
N C’H‘0® (that is, as the amide of monobasic sahcylio acid, C’H'O' n Oj, is pro- 
duced by the action of ammonia on methylsahcyhc or ethylsalieylie acid 


C’H»(CH»)0» -t = 0’n’NO» + CH*0 



To prepare it, 1 vol of wintergroen-oE (methylsalicylic aeid) is mixed and ropentedly 
agitated with about 6 vols of strong alcoholic ammonia The ycllowish-biowii solu- 
tion thus obtained, deposits, on evaporation, needles of sahcylamio uoid, which may 
he purified by crystallisation from hot water or alcohol 
According to Ciihours, it is produced by heating acid salicylate of ammonium, but 
Limpneht was not able to prepare it iii this w.iy 

Snhcylamie acid crystalUses in lamiuos linving a shong lustre, niiil ayollowish-whito 
coloui' not removable by treatment with animal ch.ircual It bus an acid re.iction, is 
neiirly insoluble m cold water, easily soluble lu hot w.itor, also in alcohol and lu etli’er 
It melts at 132°, and boils at 270°, giving off an aromatic vapour winch eoiidcuses to 
shiniug laminie of tlie acid. If it be kept at this temperature till about a fourfli part 
has volatilised, the residue contains salic^hmnlo, which may he exfraoted by alcohol . 
C’H'NO'* - ffO = C'ffNO 

This reaction affords a decided proof of the diatomicity of salicylic acid, since monato- 
mic acids do not form anne acids and imides (i 17, 171) Salicylamic acid passed 
over red-hot hmo, is resolved into ammonia, aniline, and phenol With fuming nitric 
aeid, it forms a mtro-substitate. Strong .icaD and alkalis convert it, by assumption of 
water, into acid saheylato of ninmomum, (G’IDO)''(NH‘).H 0“ 
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Salicylamates.- -Salicylamic acid is so weak an acid, that it is not capable of 
uniting directly with ammonia, or decomposing alkaline carbonates, but crystallises 
unaltered from the solution, on evaporation — The banum-ealt, G'''H'“Ba"N^O* (at 100°), 
IS soluble in water, and is obtained by treating the acid with baryta-water in a vessel 
protected from the au’ — The itrontmm,-, calcimti-, and magnesmni-aidts are similar in 
properties and composition, and are obtained in like manner, the last, hy addmg the 
acid to magnesia suspended in water. All these salts are decomposed by carbonic 
acid — The putusnnm- and sodium-sails are obtained, as radio-crystaUme masses, by 
decomposing the bariiim-salt with the corresponding sulphates, and evaporating the 
filti.ite — Oiipnc salicylaniatc, C'''H’''‘Cu"W'0‘, is precipitated m bright-greon microsco- 
pic needles, on adding enpric acetate to a solution of either of the preceding salts — 
The silmr-satt, C'H“AgNO“ (dried over oil of vitriol) is a grejriah-white, not percepti- 
bly crystalline precipitate, which blackens on boding the hquid. (Limprieht.) 


Substitution-dmvativcs of Salioylaniio Amd. 

sritrosalloylamlo aold. C’HWO* = [G'II*(N0®)0 ]"Vq Nitrosabcylamide. 

Amlamtdi’ (Cahours, he eii ) — Produced by treating metbyl-nitrosiihcylio acid with 
ammonia in the manner above described its preparation takes, however, a much longer 
tune (two or throe weeks) than that of saheylamie acid, because metliyl-nitrosaheylic 
acid dissolves but slowly in alcoholic ammonia. 

Nitrosalioylamio acid is soluble in hot water, alcohol, and ether, and when recrystal- 
lised from alcohol, forms yellow needles, which snldirao when cautiously heated. It 
dissolves easily in alkalis, and is precipitated nnaltorod by .loids. The aqueous solu- 
tion oolouis feme salts red. When heated with strong acids or alkabs, it is resolved 
into ammonia and uitrosalicylic acid. Its salts are not known 
C^HOH w 

BthylsaUoylamio acid, C'H'‘NO’ •= (C’II'0 )''Vq (Limprieht, Ann, Ch 


Pliarin xcviii 202 )— Produced hy the action of aqueous ammonia on othyUo methyl- 
biilicyUilu • 

C'II'(CH»)(G»n‘)0» + NHS = G’H«(G2H»)NO» + Cll‘0. 

If the materials are left toaet in the cold, colourless needles of othylsiilieylamio acid 
arc obtained in a few days, if they are heated to 100° in a sealed tube, the action is 
complete m a few houis 

Ethylsalieyhimio acid is soluble in hot water, in alcohol, and in other, and separates 
from the ethereal solution in cryst.ils of considerable size It melts at 110° in the 
dry state, at 100° when heated with water, and solidifies to a erystallme muss, 
winch sublimes at a stronger bent. Prom solution in worm potasli-lcy, hydrochloric 
acid, or nitric acid, it separates nimltorcd on coohug ; from solution in sulphuric acid 
on dilution with water The aqueous solution has a slight acid reaction. It is 
coloured red by ferric chloride, green by cupric sulphate, and is precipitated by ammo- 
niiical acetate of lead 


Senzoylsalloylamlo acid, C”H"lirO’ 


( 0 ® 0 )''[^. 


HmzoyUalioylamide. 


Saltcylhenzarmds (Sorbardt and Cbiozza, Gompt.rend icxxvii 86.— Limprieht, 
Anti Ch Pbarm xcix. 249 ) — ^Produced hy the action of salicylamie acid on chlonda 
of benzoyl. A mixture of the two substances in equivalent quantities is heated to ] 20° 
— 116° ns long iis hydroebloric acid continues to escape, and the residue, which 
remaras hquid and viscid for a long time after cooling, hut becomes eryst.illino on the 
addition of a few di'ops of alcohol or ether, is washed with a small quantity of ether 
and dissolved in boiling alcohol, whence it crystaUisos on cooling in very slender 
needles united in flocks 

The iicid when boated gives off 1 at. water, and is converted into benzoylsalicylamide, 
C'*H"NO“ (Limprieht) It dissolves very easily in ammonia, but is deposited in its 
oiigmiil state when the ammonia evaporates, or when the solution is mixed with an 
acid , also m the fixed .ilknlis, forming deep yellow solutions, but is generally resolved 
at tlio same time into bcnzoie and salicylamie amds (Limprieht) It dissolves in 
warm carbonate of sodium without evolution of carbonic anhydride, and the solution, 
whoa tieated with acids, deposits very soluble crystals, probably consisting of benzoic 
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and salicylamio neids (Limpriclit). Ita aolntion in strontia -water flrat depoaita 
oryatala of benzoatn, and afterwards of aalicylamate of strontium 

The ammoniaeal solution forma a light lemon-yellow precipitate with neutral acetate 
of lead, and hght-blue uuth sulphate of copper. (Q- erhardt and Chiozza.) 

Silver-salt —The ammoniaeal solution of the acid forms with nitrate of silver alight 
lemon-yellow precipitate, which becomes strongly heated with chloride of benzoyl, 
forming chloride of silvtv (Gerhardt and Chiozza ) 

Cumylsallcylamlo acta, = (C'ffU)" j-Q —Prepared, hie the 

preceding, with salieylamic acid and chloride of cumyl Grystalhsea from alcohol m 
capillary needles, (Gerhardt and Chiozza ) 

SAI,ICiri>AiaXI>Z!, (O’HWO = | N® appears to he produced by the 

prolonged action of ammonia on ethylic methylsahcylate. (Limprioht, Ann Ch. 
Pharm. xoviu 262 ) 

(O’ffO)"-! 

SAIiZCVX.BZiM'ZOIC ACID. = C'lPO VO’ Syn. With Ben- 

H i 

zosAiiosTLio Agio (i fi65). 

SADIOYMC ACID. CW = (C’H‘Orjo„ Spmoyluaoid. Hypcr„. 

ho acid. (Piria, Ann. Ch. Pharm. xxs 165, xciii 262 — Lowig and 'Woidmann, 
J pr Chera mx 2.36, Pogg Ann xlri 83 — ^JVIarchiind, J pr Cliem xxvi. 39,3 — Proc- 
tor, J. Phiirm [3] ill 276 — Delaliinde, Ann Ch Phys [-31 ri 346 — Gorh.irdt, 
ibid Til 217 — Ciihours, tiid x 327,xiii 90, 113 — ^littliiig, Ann Ch. Pliurm 
hu 77 — Scliliepor, lix 26 — ^Kolbe and Lautoniaiiii, Ann Ch. Pharm. 
oxui 125; oxT 167, oxx. 299, Jahresb 1859, p 300, 1860, p 287, 1861, p. 393 — 
Kokuld, Ann Ch Phaim.cxvu. 145; Jahresb 1860, p. 293 — Gm. xii 240,— Gorli, 
in, 320 , IT 1017 ) 

This acid, meUmerie with oxyheuzoic acid, exists ready-formed in the llowois of 
Spirtia Zflmaria, and as methylsahcyhc acid in oil of wintorgreon 
Formation —1. From sahoylolby oxidation wiith aqneous chromic acid (Ettling), 
or hy heating with oxide of copper (Ettling, Pirin) — 2. By melting salicylol or 
sahcin with hydrate of potassium (Pina) 

C’nw -I- KHO = C’H’KO’ -t H’ 

Sahcylol. PoIubsIc 

Siilkybie 

—3, By heating i n digo with hydrate of potassium to 300® The experiment does not 
always succeed if the he.it he not oontiiiiiod long enough, only plicuyl-Oiirbnniio acid 
18 produced , if too long, a brown snbstaiieo is formed (Ettling ) 

6 Bypassing ciiibonio anhydride into phenol contaiuuigsmaU pieces of sodmm The 
metal then dissolves ivith evolution of hydrogen, and salicyl.ite of sodium is formed, 
together with other products. Bulieylic acid has. lu fact, the same composition as 

phenyl-carbonic .aciil C“H"0 + CO’ = C’H.“0’ (fColbe and Lau tomaim) 6. By 

the action of nitrous acid oii phenyl-carbamic acid (Gorland), 

C’Ji’NO* + UNO’ =. C’H’O’ + H’O + N'. 

Griass (Jahresb 1861, p 413), hy the action of nitrons acid on phonyl-carbnmie .leid, 
obtained an acid, which he calls diazo-salyl-nitric .acid, having the composition 
C^II’N’O’ , and this, when healed in an .upicous solution, is completely resolved into 
salicylic acid, nitric acid, and free nitrogen’ 

C'‘n»N»0’ + 2H:’0 .= 2C’H«0’ -e NHO’ + Nh 

7 Counmric acid (ii 93), hsnted witli, hydiato of potiissiuni. yields salicylate and 
.acetate of potassium (B el al and e, Ann Ch. Phys [3] vi 313) 

C"H“0’ -e 2E:nO - C’H’KO’ 1 C’H’KO’ -I- H’ 

8 Methylsalicylic acid (oil of wintergreen) is resolved by gaseous hydriodm 
aeidinto3ahoyheacidandmethyhciodide(Laut6inann, Anil Ch. Pharm exxv 13 )’ 

C’H»(OH»)0’ -t HI = G’H«0’ -v GH’I. 

9. lodosalicylic acidis decomposed hyhydriodic acid, even at temperatures below 
100“,and more quickly at 100°,iQto sabeylie acid and free iodine (Keiuld, Chem Soc 
JxTii. 203); 

C’H'IO’ -1 HI = (PH’D’ -t I’. 

Preparation ~a From the flowers of Ulmtria. The flowers are exhausted 
with other, or the water distilled from them, with frequent cohohation, is shukeu up 
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with ether ; the ethereal solution is distilled , tho residue is h-eated ■with -waterr which 
dissolves salicyhc aeid and tannin , and the aqueous solution is noiiLrahsed with carbo- 
nate of potassium, evaporated, and distilled mth hydrochloric acid, The watery dis- 
tillate slowly evaporated yields colourless needles. (Lo wig and 'W eidmann ) 

b. From Oil of Gaulihina {Wmterep-een) —"She oil is heated with strong potiish- 
ley tiU no more niethylie alcohol is given olf from it, and the residue is precipitated with 
hydrochloric acid. The precipitate is washed with cold water, and erystallised from 
hot alcohol (Gahours) 

fl. From Sahcylol, or from Salictn — 1 Hydrate of potassium is heated in a silver 
basin, and as soon as it is molted, s<dicin is added by email portions, with con- 
tinual stirring , whereupon the mass turns brown, swells up, and gives off a large 
quantity of hydrogen It is then heated as long as hydrogen is given off in presonca 
of excess of potash. If the pota.sh is not m excess, only a small quantity of sahcylic 
acid IS obtained, but instead of it, sahcylol and a brown resiiions substance whicli 
it 13 difficult to convert into salicylic acid, even by repeated fusion with hydrate of 
potassium. If the process be rightly conducted, the mass becomes nearly colourless, 
exhibiting only a slight yellowish tint. Tho mass is dissolved in water , the solution is 
Bupersatiu'ated with hydrochloric acid, tho vessel being surrounded with cold water ; 
and the resulting erysfallmo mass is separated from the mother-liquor (which contains 
oxalic aoidj, and rocrystallised from hot water (Pina, Oerhardt, Marchnnd).— 
2 Cupiic siilicylatc is heated in a retort till notliiiig more escapes at 220°, and the 
residue has assumed a uniform kermes-brown tint This residue, oousistiiig of cuprous 
sahoyhte, is then introduced into a glass tube, and sulphuretted hydrogen passed over 
It, whereupon the mass becomes heated and blackened, and sahcylic acid sublimes ; 
and m order that the sublimate ni.iy not cover up tho nndecomposecl mass, and so pro- 
tect It from frirthor decomposition, it must be urivou forward by the application of a 
gentle boat Or the cuprous saheykte is dissolved in warm acetic acid, or m hydro- 
ehlorio acid diluted with an equal quantity of water , tho colourless liquid is preci]iita.ted 
by Bulphuretled liydrogon, and tho hqmd filtoied from the sulphide of copper is eva- 
puiatcd to tlio crystallising point Or tlio solution of the coppor-salt in ucotio acid is 
siipcrsatui’iitiid with iimmoiiia, and precipitated \ntli iiciilrul ncotiitc of lead, thopreci- 
pitate suspended in Iiot watoi, siilplinreUed lijdiogeii piasscd through tho liquid, tyid 
the sulpliido of loud removed by filtration the filtrate on cooling yields piu'o salicylic 
acid (Ettling) 

d. From Indir/u (p, 152) Tlio lioat must bo carefully regnlated, because, if the required 

tcmperatiu'c is exceeded, the salicylic acid decomposes, and a brown substance is formed , 
and if tho lieatmg is not oontiuued long enough, nothing but phenyl-carbainio acid is 
produced. 

c From Phenol — Dry carbonic aiibydrido is passed into warm phenol, with addition 
of small pieces of sodium Tho luctal tluii dissolves with ovolutioii of hydrogen, and 
a stiff paste is formed, containing the isomeric salts, siilicykto and pheiiyl-eurbonate of 
sodium, together wuth unaltered phenol On aeididating with hydrochloric acid, tlio 
plionjl-earbonio acid is decomposed with evolution of ’ - • i.. , . . 

acid which is set free may be separated from tho plicn i 

bonate of ammomum Tho solutioii lioilcd down ti 
filtered from sopiiriitod resm, and mixed with hjtdi 

to bo purified liy reerystallisutioii witli aid of animal charcoal Sabeylie acid is also 
formed, thougli in miicli smaller qinintity, by pas.sing carbonic anhydride into a ready- 
prepaivd solution of plienylato of sodium in phenol (IColbe aaid Lautemann, 
Ann Cli Pharm cxv 177.) 

Propc) ties — Salioyhe acid eiystallises by spontaneous evaporation of its alcoholic 
solution in large moiiochnie four-sided xirisms. From a hot ar^iieons solution it sepa- 
rates on cooling, m slender needles often an incii long Particul.irly l.irgii and fine 
crystals are obtained by slow ev.iporation of the cthoreal solution (Gahours) It melts 
at 158° (^Gahours), at 121° (Proctor), at 126° (Ettling) Siiblimos at about 200°, 
without boiling, in slender needles having a strong lustre, and, when pure, may be 
eomjiletely distilled by careful beating (Gahours, Ettling) It has a bweotish-soiir 
taste, and produces irritation in tho throat Eeddeiis litmus rather strongly. It does 
not net on polarised light 

It IS slightly soluble in cold, much more soluble in hot wata - , still more in akuhol, 
moderately sulublo in wood-spmt, especially when warm Ether dissolves it in some- 
what considerable quantity at ordinary temperatures, and still more when heated. 
Boiling oil of tm pentine dissolves about i of its weight of the acid. 

The aqueous solution imparts a deep violet colour to ferric salts. 

Decompositions. — 1. Salicylic acid, ivhen quickly heated, espcenilly if it be impure, 
gives off plienol (Marehand, Ciihoiir.s) Htatod with pounded glass or quicklime, 
il is resolved into phenol and carbonic anhydride. (Grcrhardt, iv. 389 ) 



154 


SALICYLIC ACID. 


2. Heated with dilute sulphuric acid and manganm peroxide, it yields fonnie acid. 

3. Sidphune anhydride converts it into sulphosalicylic acid, C’H“0® SO*. 

i. Fuming mirio acid in the cold converts salicyhc acid into nitrosuhcylio acid ; by 
prolonged action, however, picric acid la produced. The same products are obt.iined 
by treating salicylic acid with a mixture of fuming nitric and strong sulphuric acid 

5 With chlorine and hromme, salicylic acid yields chlorinated or brominated acids, 
the degree of substitution varying according to the proportions used, and the circum- 
stances of the reaction (p. 156). 

6. A mixture of hydrocMorio aeid and chlorate of potassium converts it mto perchloro- 
quinone (p. 29) 

7. Dry salicylic acid si.) \nili pentachlonde of phosphorus at or 3 

pta ) yields an oily body, which, after rectifying and coUeeting the portion which 
distils between 240° and 270°, consists of saheyhe chloride, (C'n*0)"Cl*, saUoylic 
ehlorohydrate, C’H»0*.C1 = (C’H-'O)" j^Q, and chlorosalieylic chloride, O'H^OF, 
or (C'H*CP)''C1“. The first and third of these bodies are resolved by boiling with 
water mto hydrochloric acid and chlorosahoylio acid. C’H‘C10*, isomeric with 
chlorobenzoic acid, the second yields, in like manner, hydrochloric and siilicylio acids. 

yuchare the results obtained by K!olbeandLautemann(Jahresb 1860, p. 288), who 
however, regard the compound C’H‘001* os oldoride of chlorosalylio acid, 0’H''C10 Cl 
(laonimowilh chlondo of chlorobonzoyl), and the daxsii m irichlonde of chlorosalyl, 
C’H*C1 Cl* 

Chiozz'a (Ann, Ch Phys [S] xxxvi 102, Jahresb 1852, p. 493), by distilUng 
salicylic acid with pentachloride ot phosphorus, had previously obbiined an oily distillate, 
which yielded chlorobenzoic acid (or an isomer) when treated with water Gcrhai dt 
(Ann Ch Phurm. Ixxxix. 360, Jatosb. 1834, p 421), by acting in lilce manner on 
luetliylsalieyhc acid (oil of ivintorgroen), obtained salicylic ehlorohydrate, C’H“0*C1 , 
and Di'ion (J^resb 1864,p 423), by the same proce,ss, likewise obtained the latter 
compound, together with salicyhc chloride, C*H*OCl* Kekul5 {ihd. 1860, p 293), 
by heating the distillate obtained witli wintcrgreen oil and phosphoric chloride to 180° 

. — 200°, to expel oxychloride of phosphorus and the excess of pentachloride (1 at. 
mcthylsahoyho acid decomposes only 1 at PCI*), obtained a product which, when 
treated with water, yielded only salicylic acid, no ehlorohenzoio or chlonosalylio acid : 
therefore C’H’OCl, hut when the chlormated distillate was further heated to somewhat 
below 280°, the compound O’H'OCl* was obtained, which yielded with water the chlo- 
rinated acid C’H*C10“ Kekidi finds, however, that the composition of the chlorinated 
distillate IS by no megns constant, hut that the proportion of chlorine lucrousos at each 
rectification 

Very different results have been obtained by Couper (Ann. Ch Pharm, oix. 300 , 
Jahresb, 1858, p 266), who, by gradually dropping 1 at wintergreen oil into 2 at 
pentachloride of phosphorus, and rectifying, obtained a yellowish liquid passing over at 
about 290°, and a blackish residue which solidified on cooling This liquid lias the 
composition ' by water into hydro- 
chloric, pho ■ loprosonted by the 

equation — 

C*H»0* + PCI* .= 2HC1 '+ 0’H*C1*P0». 

8. Dry salicylate of sodium distiUod with excess of plmphono oxychloride gives oif 

hydrooblorie acid, a viscid liquid which passes over at a high temporatiuo, and on ex- 
posure to the am deposits tabular crystals consisting of tho phonyhc other of lasy li o 
acid, C'*H“0* = C“H“^|®‘ ^“4 Lautomann ) 

9 ■Withc/i/oiirfeq/ncrif/lsalicyhcaoidformsacetyl-sahoylic acid, C*H“(C*H"0)0*, 
metiimoric with terephthaho acid (H v Gilm, Ann Oh Plinrm cxii 180) 

10 Salicylic acidheatcd with loAiicyieldsamixtureof mono-, di-, and tri-iodo- 
salieylic acids (Kolhe and Lantern aim), together with tri-iodophouol (Lan- 
tern an n, .Tahresh 1861, p 393) The sameiodated salicylic acids are produced by 
dropping tiiicturo of iodine into a cold aqueous solution of salicylate of barium (Kolbo 
and Lautemann). On adding a solution ol lodincin chlorme-ii ater to a warm aqueous 
solution of salicylic acid, a erjstalline precipitate is immediately formed, which after 

washing with cold water, is found to contain a cousidorable quantity of an iodine 

probably an lodosulicylic aeid (H Watts ) 

Saliotlates— S alicylic acid is dibasic, forming acid and neutral salts, repre- 
sented by the following formulae — 

Acid, 0’H*MO* = ^‘^'g^^”|o*andC'*H'»M"0» = 

Ncutal, 0'H'M*0* = (‘^'^jl‘^^"[0*andC'H>M"0* .= 0* 
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The acid salicylates of diatomic metals may also he regarded as compounds of tha 
neutral salts with the froeacid • 0''H"’AL"0‘’ = G'H^M"0“ The neutial salicy- 

lates of the mouatomic metals, potassium, ammonium, and silver, have not heon obtained. 

Saheylic acid was formerly regarded .is monobasic, the salts here considered as acid 
being then regaided as neutral , indeed, the existence of aalicylates containing 2 at of 
a monatomic or 1 at of a diatamie metal was not Icnown till 185fi, when several of 
them were prepared by Pina The diatomieity of salicylic acid is corroborated by tha 
existence of acid salicylic others, oil of uintergreen for example, and by the composi- 
tion of saheylamic acid and sahcyliniide (p 160) 

The sahcyliiles of nmmoninm, potassium, sodium, barium, strontium, magnesium, 
calcium, and zinc, are soluble and cry.stallisdble The aqueous solutions of the alkaline 
salicylates turn brown on exposure to the air. Most salicylates are resolved by dry 
distillation into phenol and a carbonate 

Sahoylate of Ammonium, — Deposited in crystalline scales ti-oni 

a solution of the acid saturated with ammonia, then boiled and evaporated, or in silky 
needles by spontaneous evaporation of the dilute solution. The crystals are monoelimo 
(Mariguao) It melts at 128° (Procter), and is completely decomposed by distil- 
hition into water and saheylamic acid, according to Cahours, according to Limpricht, 
however, sahoyliimic acid is not produced in this way 

Salicylates of Barium— Tho acid salt, C‘OT”Ba"0» H"0, or C’HWO* CIPO’. 
11*0, IS formed by boiling sabeyho acid with carbonate of baiiura, and separates on 
eiaporation in short, couceutrically grouped, shining needles, which give ofif them water 
at 218° (Cahours) A boiling concentrated solution of this salt mixed with concen- 
trated baryta-water deposits the neutral salt, C’II*Ba"0’ 2n*0, m small colourless 
lamiiioe, which give off their water at 140° The salt has an alkaline reaction, and is 
rcsolveei by carbonic acid into the .lOiA salt and carbonate of barinm It dissolves but 
slightly in w.tter even at the boilmg heat (Pina ) 

Salicylates of Oaloium—’Uho acid salt, C'^U'WC" 2H*0, prepared like the 
acid barmra-salt, is soluble in cold water, and Bep.iratos therefrom by spontaneous 
evapoiation m well-developed octahedrons On mixing a conceiitaited solution of this 
Balt with a soliifion of lime in sugar-water containing a largo excess of sugar, and 
warming the liquid in the water-bath, the neutral culomm-bolt, C’II'C,i"0‘ B[*0, sepa- 
rates as a sandy insoluble powder, which retains its water at 100°, hut gives it off at 
180° It IS decomposed by oarhonic acid in the same manner as the neutral barium- 
salt. 

Salicylates uf Copf o > — Tho acid salt, O' 'I['"Cu''0'’ 4ll’0,remams dissolved when 
a solution of tho aeid borium-salt is dccomposod by sulpliute of copper, and eiystal- 
hses in long groenish-blne needles, which do not give off their water till he.ited con- 
siderably .ibovo 100° When heated with a quantity of water not sufficient to dissolve it 
eomiiletely, it melts below 100°, and is resolved into sohojlie ueid and the 
topper-salt, C’H*Cu"0“ H-'O, which forms a yellowish-giecu, light, nearly insoluble 
powder The same decomposition of the acid salt is effected by ether. (Piria ) 
Potussio-oupno salicylate, 0"H"Cu"K''0“ ■IH'-'O, is obtained on adding salioyho acid 
to a solution of cupric tartrate in excess of strong potash-loy, as a light-green crys- 
tallmo precipitate, which separates frdm solution in a small quantity of wann water, 
in emerald-gieen rhombic plates It is very soluble in water, insoluble in alcohol and 
ether, aud is resolved by boiling its aqueous solution into cupric oxide and acid sali- 
cylate of potassium It gives off its water below 100° — Baryto-eiipnc salicylate, 
C 'H"Cu"Ba"0“.4lI*0, separates on mixing the solution of the preceding salt with 
eliloiide of barium, ns a siskin-green crystalline proeipitale insoluble in water. Tho 
water of crystallisation begins to escape nt 35°. (Pina ) 

Salicylates of Lead. — The acid salt, C''H'"Pb"0"H*0, is obtained by boiling 
s.ilicylio acid with water and carbonate of lead, in needles having a very brilliant 
satiny lustre, or by pouring a strong solution of s.ihcyl,ite ol ammonium or potassium 
luto a strong solution of acetate of lp.id, as a white erystiilline precipitate, soluble in 
boihiig water (Cahours) — The neutial salt, C'II'Pb"0*, is obtained as a heavy 
crystalline powder by adding basic acetate of lead to a boiling saturated solution of 
the acid salt. — A baste salt, 2C'H''Pb"0’ SPb'O, separates as a white powder composed 
of nnereous scales, on boihng the acid salt with a slight excess of ammonia. (Pina.) 

Salicylate of Magnesium (acid), obtained by boiling the aqueous acid with 
magnesia or its carbonate, forms radiatmg needles often aggregated m a compact 
mass It dissolves easily in cold and still more in boiling water. (Cahours ) 
Salicylate of PotassiH m, 2C*H*K0“ H*0, is obtained in colourless, shining, 
silky needles, by s.ituratmg the aqueous acid with carbonate of potassium, evaporating 
to dryness, aud treating the residue with strong boiling alcohol. It is converted by 
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ehloiine into dicUorosahejkte, and by bromine into dibromosaheylate of potassium. 
Treated -mtb bromine in presence of excess of potash, it yields a red substance 
resembbng sulphide of antimony, insoluble in alcohol, ammonia, and potash, and 
having the composition of tribromophenol. (Cahonrs ) 

Salicylate of /Sfiiiier, C’H'AgO®, is a white precipitate, which dissolves in a 
small quantity of boihng water, and separates on cooling in small very brdhant needles. 
(Cahonrs.) 

Bromosalioylic Acids. 

BEonobromosalloyllo acid, 0’H“BrO’. (Gerhardt, Ann. Ch. Phys. [3] vii. 
217; Cahonrs, lAid xm 99.)— This acid is produced by triturating salicylic acid 
with a quantity of bromine not sufficient to convert the whole of it On washing the 
reaultiug gummy mass with small quantities of cold alcohol, to extract the unaltered 
sahcyho acid, dissolving the residue in boiling alcohol, and leaving the solution to 
evaporate, bromoBalioylie acid ie obtained in colourless prisma haviug a strong lustre, 
and somewhat like sahcylic acid It melts when slightly heated ; dissolves but 
sparingly lu wnkt, oven at the boiling heat , pretty readily in alcohol .and ether, espe- 
cially when warm It is decomposed by dry distillation. When distilled with fine sand 
and a small quantity of baryta, it yields thick vapours condensing into a reddish liquid, 
which by repeated distillation with sand aud baryte yields bromophonol C’lI’BrO'' = 
C“H“BrO + CO^ 

Bi'omoaalioyiio acid forms with ammonia, potash, and soda, crystalhsuble salts, 
which are less soluble in water than the salicylates. — It colours ferric salts red, like 
salicylic acid 

nibroraoBalloylio aotd, C’lI'Br^O’ (Cahonrs, Ann. Ch, Phys. [3] vii 102.) 
— To prepiive this acid, piilvoriaed sahcyho acid is gradually triturated with excess of 
bromino as long as any action takes place, and the mixture is loft to stand for some 
lioui'S , the excess of bromine is then wasliod out with cold water, aud the residue dis- 
solved in boiling ammonia. As the solution cools, the unimoniiim-salt is deposited ni 
slender shining needles. These crystals are dissolved in water , the acid precipitated 
by liydi-oohioric acid , thn white precipitato washed and dissolved in hoiliug nlcobol, 
and the solution left to eviipor.ite Or bromine is dissolved m a concoutratod solution 
of salicylate of potassium, wberoiipon the liqiud becomes boated, and soon deposits 
crystals of dibromos.ilicyl.itp of potassium , tins &.dt is decoinposed by hydrochloric 
acid, and the separated acid w ’ ’ i ’ ' " ’ '’com alcohol 

It forms short colourless or which molt at about ISO® It 

is sparingly soluble in water, moderately soliiblo in alcuhil, more easily in ithcr It 
dissolves ill strong sulphuric uoid ata gentlo lieat, and is precipititsd from the solution 
by water. Boihtignitnr acid dissolves it readily, with evolution of bromine and nitrous 
vapoima aud formation of picric acid, which erjatallises on cooling When distilled 
with sand and a small quantity of baryta, it yields dibroinophenol 
The dibromos.ilioylatos of ainmonium, potassium, and sodium, ore evou less soluble 
than tba monobromosahcylates The potassium-suit crystalhses from alcohol in 
sinning colourless prisms. 

Tribromosalloyllc acid, C’ffEr'O’ (Oah ours, Ann. Ch. Phys [3] vii 104.) 
— When a mixtm-e of finely pnlveiiaed dihromosalioyhc acid with excess of bromine is 
exposed to bunshme for 26 or 30 days, and the resulting crystiJs are waslied with 
water, and recrystallised from strong alcohol, tiibiomosalieyhe acid is obtained in 
small yellowish prisms, very hard and friable, insoluble in water, niodcratoly solublo 
lu alcohol, very readily in dhei. 

AViieu distilled with sand and a small quantity of baryta, it yields tribromophenol 
coiitaiuiiiiitBj with a small qu.intity of oily matter. When hudod witli mine acid, 
it jiolds bromine-vuponrs and yellow crystals 
Ils coiiipouuds with ammonia, potash, and soda aro crystallisahle, but v ery sparingly 
solublo in water Tbo ammonium-salt forms with silver-salts a precipitate of a deep 
orange-yellow colour 

Chlorosahoylic Acids. 

Only two of these compounds are known, both being produced by the direct 
action of chlorine on sahcylic aeid (Cahonrs, Ann. Ch. Phys [3] xiii. 106 ) 

lVIanaohIoroBaIloyIlcacid,C’H‘C10‘, isprodneed 1. By tlie action of chlonno 

on excess of sahcylic acid, a portion of the acid therefore remaining nndccomposcd , it is 
difficult, however, to purify from diehlorosaheyhc acid. — 2 When chluiino gas is very 
slowly passed into a concenti'utod solution of siilieylato of potassium, lili tlio liquid, 
whioli becomes brown, begins to deposit a dark-green .substance , tlio solution then 
decomposed by an acid, and the losnltmg white iirecipitato washed with water and 
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crybtnlliaed from alcohol, slender naecllea are obtained consisting of ehlorosalicylie 
acid not quite pure 

Dlcblorosallcyllo acid, C'ffCPO” — This compound is produced by the action 
of excess of chlorine on salicylic acid To prepare it, cldormo gas is passed thiongli a 
concentrated solution of salicylate of potassium as long ns tlin liqmd continues to 
deposit a dark-gi’een body , this substance is washed on a filter with water tiU the 
water runs away colourless, then dissolTed m boihng water, which is mixed with J of 
its volume of alcohol of 36° Hm , and the needles of the potassium-salt which sepa- 
rate on cooling are repeatedly crystallisod from very weak spirit till they become 
colourless. These crystals are then dissolved m water, the solution mixed with hydro- 
chloric acid, and the resulting white precipitate dissolved iii boding alcohol of 82 per 
cent., the solution on cooling yields the acid in needles or in scales, or by spunhineous 
evaporation in hard, well- formed octahedrons The acid dissolves sparingly in boiling 
and ci'ystalhses in slender needles on cooling It dissolves in gently heated 
oil ofvitnol, and separates partnJlj as the liquid cools 

The acid, distilled two or tlnee times with B.ind and a smiiU quantity of twiyta or 
limo, IS completely resolved into cm homo anhydinde and dichlorophenol It dissolies 
giadiially in boiling niluo aoul, and deposits beautiful yellow huiiinse on cooling 
hkkloiosalicylate of anmomum is sparingly soluble in water The aad jmtimtum- 
salt forms greyish-wluto needles vciy much resembling methyl-dichlorosalicylic acid. 
lodosahcylio Acids 


Formation — 1 'When tincture of iodine is dropped into a cold aqueous solution of 
barytic salicylate, C'HT3a"0®, till the yellow colour of the tincture remains permanent, 
several lodosalieyho acids are formed, which on nddition ot hydrochloric acid are pre- 
cipitated together with unaltered s,ilicylip ,iuid They cannot, however, ho separated 
from one another by water, although thoir solubility diminishos as the proportion of 
iodine increases —2, "When 1 at salicylic aeiil is timed with 2 at, lodiiio, and the pm- 
duot m treated with aqueous potish, senral lodosahcyhc acids are dissolved out, mid 
there reinains .i red body lesembling amorphous phosphorus, which is i.isoluhlc in water, 
alcohol, ether, nlkidis, mid acids, is not .iltored by turning sulplniric acid, hut dissolves 
with led colour ill sulphulo of carbon , this body u]ipeai.s to be totriodo-disal loylie 
acid, G'<H‘'I'0‘ (Kolbo and Laiitemauii, Ann. Ch. Pharm cxv 157, Jaliresb 
1860, p 291.) 

As lodosalioylio acid is reduced by bydriodio nckl to salicylic ncid even below 100° 
(p. 162), Kekiil^ is of opinion tlut the lodosaheyhe acids obtained by fusing 

salicylic acid with lodme Bi - 


Ballc^lio 

C’H“0“ S 


KHO = C’H’IO’ + KI -e ffO-. 


- CO» + 3KI -I- 3H«0. 


preparation . — 1 Finely pulverised iodine (2 at.) is intimately mixed with salieyhc 
acid (1 at ), and the mixtnio is heated overa lamp m a widc-hottomod glass vessel, the 
lieat being removed as soon as the fused mass begins to boil. Tho resulting brown 
crystalline mass, containing a mixture of mono-, i-, and tri-iodosidicylie acids, with 
somewhat considerable quantities of tri-iodophoiiol (iv 409) and unaltered salicylic 
acid IS treated with dihito potash, which dissolves everything excepting tho red body 
above mentioned, tho filtered aUcalme liquid is mixed with hydrochloric acid, and the 
soparatod acids are washed with water, which removes nearly all the unaltered salicylic 
acid. On dissolving the fused residue in excess of sodie carbonate, and neutralising 
the liquid with hydrochloiie acid, the tri-iodophenol, which m soluble only in excess of 
alkali, separates out , and thofiltered liquid yields on evaporation, first, ciystals of sodic 
tvi-iodosalioylate, then, on further concentration, satiny needles of sodic di-iodosalicy- 
late, and, lastly, sodio mono-iodosalicylate in small lancet-shaped laminoe. The complete 
separation and piinflcation of the last two acids is effected by decomposing the sodiiim- 
' ’ - acid, and boiling tho separated acids with carbonate of barium, 

barium being very slightly soluble in water, while the moiio- 
with modcriito facility — 2 A larger product is obtained by 
dissolving equal weights of salicylic acid and* lodiuo in alcoliol of 80 per cent., and 
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boiling the Bolution fnv three hours in a flask provided with an upright condensing 
tube The hro-wn solution is mixed with water, heated to drive off tlin alcohol, tlien 
supersaturated with carbonate of sodium, and the resulting aothiiin-snlts are further 
treated as above (Lautemaun, Ann Oh Phorm. cxx 299, Jahrcsb. 1861, p 
393.) 

SXono-lodosaUcylici nold, C®H“IO’. — This acid, separated from the piu'ified 
barium-aalt by hydrochloric acid, forma a white crystalliiie maos, slightly soluble in 
water, easily soluble in alcohol and ether It crystallises from water acidulated with 
sulphuric or acetic acid in long silky needles , from alcohol, by slow evaporation, in hard 
warty groups of needles It melts at 196°, .ind, when suddenly heated, is resolved into 
fieo iodine, lodophenol, and carbonic anhydride By boding with caustic pokibh it is 
converted into oxys.ilieylic acid, CIPO' (iv 320) 

The aqueous and alcoholic solutions of the acid, and hkcwisc the solutions of its 
saltB, colour feme chloi tde violet. 

lodosalici/late of Ammonium is spanngly soluble in water, and crystallises in needles 
— The barium-salt, C'H’BaT'O”, is very soluble m water, and crjistallisos in rosettes 

of delicate luminiE, wbicli assume a reddish colour when heated in the moist state 

The sUvei-salt is sparingly soluble, and crystallises in hard grams (Lautemaun.) 

Bt-lodoBalloylio acid, C’H'PO’, separated from the barium-siilt, forms a white 
amorphous mass, n0.ai‘ly insoluble m water, moderately soluble in alcohol and ethei 
From, water acidulated with sulphuric acid, and from acetic acid, it crystallises like the 
mono-iodatcd acid ; from alcohol iii needlcrshaped crystals It does not melt at 212°, 
hut turns brown from incipient decomposition , when quickly heated, it dHcompnses, 
with sepai'ation of iodine. Boiling mtuo aoul hkewiso eliminates lodme from it, mid 
probably converts it into dimtrosalieylic acid By boiling with strong potush-lcij it is 
converted into dioxysalicyhc or gallic acid, C’H‘'0“, part of which is, however, 
resolved into carbonic anhydride and dioxypheme (pyrogallio) acid — The solutions of 
di-iodosahcylio acid and its salts colour /emc cldoiule violet 

The di-iodosalioylates are fur the most part very sparingly sohiblo ; the must 
soluble among them is the sodium-salt — The iari!»n-«a/<, C“n“l^Ba"0", erjatiiUiM'S 
from a moJeratoly concentrated solution, in needles having u satiny lustre. (L an t e - 

Trl-lodosallcylio aotd. C’H^PO’ — This acid is very difficult to prepare, hoing 
very unstable, and apt to split up, during theprocossof formation by fusing siilioylic iieid 
with iodme, into carbonic anhydride and tri-iodophenol. It is insoluble in wiiler, 
soluble ill alcohol and ether, and crystallises from the former in tufts of needles It 
melts at about 167°, with paitinl decomposition Alkalis decompose it, iilistr.icling 
carbonic anhydride and hydripdic acid, and converting it into a icd body, C'lPJ'O 
Tri-iodosalicylate of Sodium is a grey-groen mass veiy shghtly soluble in water, 
(Lantemann ) 


NitrosaHcylic Acids. 


0 known, — ^viz., the m 


, f. pi'. 

, — — 0, ibid Ixx 2,)3 — 

H Ma.ior, Das chem Lahoratoriim der ITniii Christiania, l6oi, p St— Crin. xii 
307. — Gerh. ni 336 ) — This acid was first observed by Chmienl among the prudiiets 
of the decomposition of indigo by intrie acid Gerhiirdt obt.iiiied it by treating 
salicylic acid with fuming nitric acid Pina and Major have shown Unit it is formed, 
together with holiciu, by the action of cold dilute nitric acid upon Hiheiii 
Piepaiation — 1, From salicylic acid— Fuming nitric acid acts violently on 
salicylic acid, conrerfing it info a reddish resinous mass ; and on removing tlie rxco'-s 
of nitiic acid by w.ashiiig with cold water, and dissolving (ho rosiduo m boiling wall r, 
nitrosahcylic acid is dopositod m delicate yellowish iieeiUcB It may al'-o be 
prepared by gently he.ating salicylic acid with very dilute nitric acid (Oerhardt ) 
2. From indigo — When indigo is gradually added to boihiig dilute nitiio acid 
diluted with 10 to 15 times its weight of water, a solution is formed which on cooling 
deposits nitrosahcylic acid , but tlie product requires to he purified by several cryatiil- 
lisatinns, or by transforming it into a lead-salt, and docomposmg the latter with 
siilphydric acid (Chevreul, Buff, M.irchund ) 
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3. From metliyl-nitrosalicyhc acid, by boiling with potash, saturating the 
resulting brown-red liquid with hydrochloric acid, and cryntallisiiig the flaky acid which 
separates (Oahours) 

Propa ties — Nitrosalicylin acid crystallises in coloiudcss needles containing 1 at 
water, C’H“(N0“)0'' ffO, whieli they readily give off on exposure to dry air It melts 
at a moderate heat, and solidifies on coobng to a crystalline iiiass composed of six-sided 
plates It reddens litmus, and sublimes at a gentle heat It is very sparingly soluble 
in cold water, but dissolves easily in boiling water and m alcohol. Its solutions are 
coloured blood-red by ferric salts 

Boiling nitm acid converts nitroaalicybc acid into picric acid A boiling solution of 
chloride of lane converts it into chloropieriii (Stenhouso). By boibng with hijdro- 
clilorio acid and chlorate of potassmm it is quickly converted into perchloroquiuonc. 
The same trimsformation takes place in a few days when eUorme gas is passed into 
the hot aqueous solution. Nitrosabcylio .leid m contact with nascent hydrogen dissolves 
in water, forming a blood-red solution, which gradually deposits purple-red flocks. 
(Buff) 

Nitrosahoylates, C'H>M(N0«)0» and C'*H»M"(N0=)^0«.— These salts are 
mostly yellow, take fire when heated, and burn like gunpowder without actual deUiiiti- 
tion. They redden feme salts strongly 

The ammomum-salt, C'H\KH')(N0'“)0’, obtmned by saturating the acid with am- 
monia, orj’stallises by cooling or spontaneous evaporation m fine needles ot a gold or 
orunge-yollow colour. — The potassmm-satt, C’HTf(N0-)0“, foinis yellow silky ciysfals 
slightly soluble in cold water, moderately soluble in alcohol. — The sodium-salt is 
yellow, and very soluble in water. 

The (lanum-soit, 0'^H*Ba'’(N0’)°O'’ 4H.-0 (?), obtained by saturating tho acid with 
carbonate of barium, crystallises m shining yellow needles, which arc spiiriiigly '■olublo 
in cold water, insoluble in alcohol, and give off 12 7 per cent water of crystallisation at 
200° — A haste salt, C'*H“Ba"(N0®)®0“]3a"ff0“ 4H°0 ,,ib obtained ns ayillow powder 
of the colour of leiid-chromnte, by precipitntmg a solution of the preceding salt with 


The strontium-, calohm-, and magnesium-salts are yellow, and very solulilo in water 

The fa nc salt forms long, dark-red, nearly black needles, which dissolve slowly m 
water, forming a blood-red solution 

Tlie nciiiral lead-salt, C'Tl*Pb"^N0'')“0'' H*0, obtained by saturating tho acid with 
carbonate of lead, or by poimiiig nitrosidieyhito of potassumi into n hot solution of .i 
lead-salt, forms a very bulky crystalline precipitate, which increases considerably as 
the bqiiid cools —A basic had-sali, C"H“Pb"(N0''‘)''0“ J?b"0, is formed when the neu- 
tral salt IS treated with hot aqueous ammonia, it is a dark-yellow powder, quite inso- 
luble in water, and contains SGpercent. lead-oxido (Dumas) 'Wlieiinnoutral solution 
of lead-nitrato is poured into a boding solution of potassic mtrosalieylate, the mixture 
deposits, after a short time, verj slender dark-yeUow noodles, insnluble in water, and 
containing 60 per cent, leiid-oxide. (Buff) 

The meiourous salt is obtained by mixing the solution of potassic nitrosalieylato 
and barytio nitrate, as a light-yellow precipitate, insoluble m cold, slightly soluble m 
boiling water 

The silver-salt, C’HAg(N0*)0’, is obtained by precipitating the animonium-siilt 
with silver-nitrate, and crystallises easily from boding water in straw-coloured neodlos 
When heated, it does not detonate, but tlirows out very bulky vegetations of curbido of 
silver 

Binltrosalloyllo acid, = C’H<(N02)*0’ Nitiopopuho acid.— 

^iiliours, Ann Cli Phys [3]xxv. 11 — Stenboiise, Ann Cli Pharm Ixxviii. 1.)— 
Produced — 1 As an acid methyl-ether, by tho action of a mixture of fuming 
nitric and sidpliurio acid on methylsabcybc acid. On boding the resulting metliyl- 
diniti'osalicylie acid for a few minutes with strong caustic potash, a dipotussic dinitro- 
sabcylate is obtained as a sparingly soluble salt of a splendid rod colour ; and on 
treating this salt with strong sulphuric acid, keeping tho tcmperahire from rising 
above 60°, sulphate of potassium is formed, together witli diiiitiosiilieybcaeid, wliioh 
may be dissolved out by cold water (Caliours ) 

2 By digesting the aqueous extract of the branches of certain poplars (Populus 
bdlsamfera, F nigra) witli dilute mtnc acid (Stenliouse) For details of tho prepa- 
ration, see G- m e 1 1 n ’ s iTauiifoel;, xn 314 

Dinitrosaboylio acid crystallises from boiling water m nearly colourless silky needles, 
or by slow ovapoiation in small hard prisms It is very soluble in pure water, but 
only slightly soluble in water containing sulphuric or hydrochloric acid. It dissolves 
easily in alcohol and ether Its taste is very sour at first, then astringent, and fluidly 
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■very bitter Its solutions impart a persistent yelloiv colour to the skin It melts at 
a moderate temperatiu-e, -when cautiously heated, and sublimes 'without alteration 
Diuiti’oaalicyhe acid produces a deep cliuiry-rod colour with/tn a’ 'suits Strong 
tnitrto axiA at the boding bent quickly conveits it into picric acid (hence, in preparing 
it from poplar extract, tiie heat must be kept low). (M of vitriol diasolros it at lo-w 
temperatures, and watar separates it from the solution unaltered , but the mixture 
carbonises when heated, when heated mth hydroohlorw and and chlorate of potas- 
Mum, it IS converted into perehloroquinoue — C'hhride of lime does not attack in the 
cold , but on heating tho mixture, a violent action takes place, resulting in the forma- 
tion of cldoropicrin, 

DimtrosaHcylates — DinitroSHlicylio acid forma neutral salts, C'H11M“(N0®)0’ 
and G’H»iM"(N0“)“0”, and acid salts, C’H'M^1^0’‘)-0» and C‘ 'H“M"(N0^)'0“. They arc 
mostly yellow, sparingly soluble, and detonate violently' when heated 

The ammonium-sali, C’HXNH*)(N O’/O’, is easily obtained by dissolving the acid 
in ammonia, and sep-uvites on evaporation in small needles of a fine yellow colour 
Foiassiumsalts — The neutial or dipotaaic salt, C'H^KXNO®)'’0’, is produced wliou 
methyl-rntrosahcylio acid is decomposed by boiling with cvci'ss of strung potash-ley. 
It forms beautiful needles, having a splendid jellowisli-ied colour and (-atiiiy liistie, 
and united m stellate groups. It appears to bo completely decomposed by contiiUH’il 
boiling with potash, detonates violently on glowing coals or on allot plate (Oaliours) 
The monnpotussio or acid salt, C'H*K(N0-)'0’, produced by neutralising llio aqueous 
acid irith carbonate of potassium (Stenliouso), or by beating tlie neutral .salt wdll 
dilute nitrie acid (Cahours), crystallises in small Icinon-yellow prisms, very 
sparingly soluble in cold water, inaobibloin ideoliol or ether II dissohes very readily 
in alkaline liquids, and is precipitated therefiom by acids (.Stenliouso) Itdeposils tlie 
free acid ■when boiled 'Witli strong bydiooliloric acid It dissolves in aliglitly lic.ited 
oil of vitriol, and the solution, on being mixed with water, deposits the aoid in crystnl- 
bne laminae It detonates on glowing coals, but not so strongly as the neutral s.ilt 
The monosodw salt, C'II''N.i(N0’)’0‘’, obtained by neutiahsmg the iiqueuiis iieid 
with carbonate of sodium, forms small spicuiir crystals or yellow shining iieodlo.s, 
more Polnblo in -water than the potassinm-salt 
Bariwm-salts, — The neutial salt, C’II'‘Ba"(N0’)'’0*, is obtained by uddiiig ti lioiling 
solution of caustic baryta to a boiling solution of tho acid, as long as the I’esiiltiiig pre- 
cipitate redissolves on agitation The flltrato then on cooling deposits amull giaiiuliii’ 
crystals — The acid-anff, 0‘‘II“Ba’'(N0^)‘0'', is obtained ns a yellow precipit.ilo on 
adding baryta-water in excess to dinitrosalicylic acid. It is crystalline, and luiy 
slightly soluble in boiling water 

The lead-salt is very sparingly soluble m water. 

The silver-salt, C“H*Ag(N0*)-0*, is obtained, ui small granular lory slightly soluble 
crystals, by saturating a hot dilate soluliou of the acid with rarbonato of silver 


Osysalv cyho Acids. 

Oxysalioybe acid, C'H‘0’, and dioxysalicylic acid, G’n"©', aie formed by tho 
action of boiling potash-ley on mono- and di-iodosalicylic acid respectively (iv. 320, 
V 1S8) 

SAI.ICV11IC AKraYDRIUBS. (Qerhardt.Ann Ch Bhys [3] xxxvii 322) 
— When dry salicylate of sodium is treated wilh phosphoric oxjolilowdu, liydrocliloric 
aeid is evolved, and two products are foriued, both containing tho elonioiits of sab- 
cylic acid minus water, viz. . — 

(C'n'O)") 

Bisabcylic acid, = (G’H'O/'f O’ = 2C’H“0’ - H’O. 


SaUcylide C’H’O" = (G’H'0)"0 


C’H“0» 


. E'O 


The formation of these coinponnds may he represented by the equation 

4C’II’BaO» + PC1»0 = -r 20'B.'‘0* + NaGl + 2HC1 + PNa"0' 

The product of tlie reactioa is a hard mass, which, when heated with water, is con- 
verted into a VISCOUS substance soluble in boilmg alcohol The alooholio solution 
on eoobng deposita di salicylic acid in the form of a thick oil, which very slowly 
solidifies, and, when treated with hoihng water or with alkalis, is converted into balicylie 
acid. Boding other dissolves it, and leaves it on evapomtioii in tho form of a plastic 


If salicylic acid be regarded as monobasic, and represented by tliu 
C’H»0"H.O, disalicyhe aeid will be its anhydride, (G’H“0‘)®0, which is the 
Its composition taken by Gcrliault In like manner, the compounds now doiio 


'W of 
i.itcd 
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biilicyl-tcelie mid salicjl-benzoic acids were formerly regarded as anhydrides 
(,P 1'’®) 

iSiilicylide, the true anhydride of salicylic acid, is the portion of theahova- 

(Icborihed product which is insoluble in boiling alcohol It is white, amorphous, not 
attackod by boiling water, insoluble in boiling ether When heated, it melts to a 
traiispaieiit liquid, which solidifies to a translucent mass on cooling It is not uttaclced 
by a boiling solution of sodic carbonate, and but slowly hy boiling aqueous ammonia, 
but potash quickly conrerts it into salicylate of potassium. 

When salicylic anhydride [? disalicylic acid or salicybdo] is subjected to dry distil- 
lation, the poibon which passes over below 300° contains pihenol and a body bavmg 
the composition C’H'O [= salieylide, C'H'O’' — CO] , and on expelling the phenol hy 
heat, and crystallising tliu residue C;om alcohol, with addition of animal charcoal, this 
body IS obtained iii silky needles, which melt at 103°, dissolve in 125 pts alcohol of 
specific gravity 0 801, and sparingly m W'ater and in ether. The crystals heated with 
h’limme to 100° yield a hromine compound, C“H"llrO, which melts at 196°, and crys- 
tallises from hot alcohol m needles — A nitro-eompound, C’'H“(NO’]0, crystallising in a 
similar form, and melting at 150°, is produced hy treating the compound C“H<0 for 
sin oral days with fuming nitric acid This nitro-componiid is converted by sulphide 
ot amruoinum into a base, (J“H*ON, which crystallises in yoUow needles, and forms a 
crystnllina phitiniim-siilt somewhat soluble in water. The compound C^n'O yields 
wifli strong sulphuric acid a snlplio-aeid, which foims a bariiim-salt crystallising in 
nodules (H. Marker, Ann Ch Pharm. cxxiv 2491 The formation of the compound 
C“lPO was first noticed by Limp rich t. {Lthrb. d. otg. Chom. p. 914.) 

SAXilCTraiC CIlXiOSOBYl>nA.TE, C’n'‘0®Cli^(C’H*0)''jjjQ —This body, 
metamerio with ehlorosahoylol (p. 171), and coiumonly eiilled ohlonde of idhcyl, is 
produced, together with ohloroheiuoyho chloride, C’H'ClO Cl, hy the action of penta- 
cliloi’ide of phosphorus on methylsnlieylie acid (Gerhardt, TiaUe, iii. 343, Drion, 
Alin Ch. Pharm xou, 423), and on salicylic acid (Kolhe and Lautomann, Jahresh. 
1860, p 288, KekuliS, ihid. 293, see also p. 154 of this volume). When separated 
tiom pliosphorio oxychloride hy heating the product to 160°, it forms a slightly- 
colrmred fuming liquid In contact with water, it hocomca heated, and is transfomed 
into liydrochlorio and salicylic acids Witli methylio and ethylie alcoliols, it yields iii 
like manner methyl- and ethyl-salicyhc acids It cniuiot ha distilled without decom- 
position, hydroohloric acid being then evolved, and a fuming liquid passing over 
winch cxliibits all the eharaoters of chlorobonzoylic cldorido, a largo quantity of 
carbonaceous matter is also left behind (Gerhardt.) 


SAXiICYXilc KTHBKS. By distilling sahcylic acid with an alcohol and strong 
sulphuric acid, acid ethers are ohtiimed having the composition of salicylic acid ni 
winch 1 at of tlie typio hydrogen is replaced hy an alcohol-radicle, the remaining .itom 
of hyiU'ogcn being replaceable by metals, or likewise by alcohol-radiclBa, yielding neutral 
sulioylio other 

(C’ffO)") 

MethylaaHoyllo aoid, C»n»0^ = CH“ >0«. (Cahours, 

Ann Ch Phys [3] x 327 , xxvii 6— Procter, J. Pharm [31 ni 27 —Gerhardt, 
Corapt rend xxxvin 32) — This other, isomeric with anisic acid, exists ready-formed 
'u t' ' ' (trwwft/MHayirocttmicMs), of which It constitutes about 

i'll, t hydrocarbon isomeric with oil of turpentine (ii 826) 

Gn , the hydrocarbon passes over first at about 200°, and 

the bmlnig-point then quickly rises to 222°, at which temperature pure raetliylsohcylia 
acid passes over. 

Methylsalieylie acid is hkewise obtained, unmixed with any hj’drocarbon, hy distil- 
bng with water tlie bark of the sweet bireh {^Btitda lento), and it may be produced 
artiflcially by distilling a mixtuie of 2 pts salicylic acid. 2 pts. anhydrous methylie 
alooliol, and 1 pt uf sulphuric acid .specific gravity 1 66 , or hy treating anhydrous 
metiiylie alcohol ivith salicylic chlorohydrate 


Pure luothj’lsalicylic acid is a coloiu’less oil, having a very penetrating but agieeahie 
odour, and a sweet, cooling, aromatic taste. Specific gravity = 118 at 10°. Boiling 
point 222°. Vapour-density, ohs = 6 42 , calc = 6 719. It is slightly soluble m 
water, and mixes in all proportions with alcohol and ether. Its aqueous solution is 
coloured violet by ferric salts It dissolves iodme uitliout decomposing, and forms a 


^ Dccoonpoiitwns. — 1. When methylsalieylie acid is mixed with strong mtne acid, 
vi olent spirtuig takes place, if the mixture is not cooled , but when it is kept cool, methyl- 
mtrosalicylic acid is produced (Cahours) By fuming nitnc acid, it is con.erted 
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mto mptliyl-nitrosulieylio acid ; ty a mixhiro of fuming nitric acid and oil of vitr' d 
into matliyl-dimtioailieylic acid, or by longer ' ’ ‘ ' - i 

(Call ours) — 2, Brnnnne added by drops to 

rise of tempoiMture and evolution of hydrobroraic acicl , the mass, ivliicii souaincH on 
( ’i ■ ' . 1 . . - -1 1 - 1 proportions 

, ed Cklorme forma similiir products, 

the quantity of bydrogen replaced never exceeding 2 at , even in simslune (Procter, 
Gall ours) — 3 PentacJilonde of phosji/ionis aatB violently on the acid, forming sali- 
cylic clilorobydrato, metbylic chloride, and phosphoric oxychloride 

C'H»(CH-‘)0» -r PCI' = C’H'O'Cl + CH'Cl + POCl'. 

Por the results obtained by Couper and by Keknld, see p Ifil 
i. With the eltlortdei, of benzoyl, cumyl, and suceinyl, motliyls.alicylic acid forms 
benzoic, enmylie, or Buecmie niethylsahcylate, togetlier with hydrochloric acid, r g 
0'H“(CH’)0» + CTI'OCl = C’H'(Cn')cC'H'0)0' + HCl 

Metlijltullryllc Beii/nic Benwiic metliyl- 

ndC chloride. sallcylute 


6 By potash-ley motliylsiilieylie acid is resolved, .after a few hours at ordinary tenipe- 
ratui'es, immediately when heated, into s.ihcylio .icid and methylic alcohol (Procter, 
Cahonrs) — 6. Heated with anhjdrous baryta, it yields carbonate of biiriiiin aiiil 
auisol — 7 With ammonia, either gaseous or alcoholic, it forms aalieylamie acid and 
methylic alcohol • 


(C'H'O)") 

CH' O' + HH' 
H J 


H' 


(C'H'O)" 

H 


'n 

,0 


CH' 

H 




8 When pieces o{ potassium are dropped mto mothvls.ilicylie acid heiitod to botv 
80° and 60°, the tompeiiiture rises, gns is evolved, and after the addition of a consi 
able quantity of potassium, the mass solidifies, even if kept at 106°. Soon atteiw, 
It takes fli-e and leaves a black residue. In ouo experiment salicylol wiis prodii 
(Cahoui’s.) 


Methylsalicylates, C’H’MO' 



diatomic metals 

'ilaepotasamm-saU, C'lI’KO'.is obtiimed, by agitating strong potash-ley with excess of 
methyfsahcylieacid,ini)c.irly scales, which may bo purified by washing with thosmiillust 
possible quantity of cold water, pressure hetivecn bibulous paper, solution in absohiln 
alcohol, and evaporation m vacuo It then forms extremely deliciito white needles, 
having a strong lustre and rcsombling asbestos (C a h o u r s) , aix-suled ] ilalos f P r o e t o r) 
It is very soluble in water, alcohol, and ether, colours ferric s.ilts piirplo, and, wliim 
heated in the moist state, give.s off mothyl-alcoliol, and loaves .s.dicylatn of potassium 
The sodnm-salt resembles the potiissium-siilt, but is less soluble in water, aleoliol, .mil 
ether. — The bunum-salt, C‘"H"Ba"0“ H'O, separates in erystiilliiio scales on giadually 
adding methylsalicylic acid to hot baryta-water, tiiid leaving tlio liquid to cool. By 
diy distillation it is lesolied mto aiiiaol, e.irhonatc of biirmin, and carbonic anhydrido 


C'»H'‘Ba"0» 0- H'O = 20'H“O + B.i"CO' + CO'. 


The potassium-salt forms precipitates with the salts of lead, copper, silver, and 

iiaiti al nuthyhaheyhe etheis,—i o , compounds iii winch the hnsic hydrogen of iiietliyl- 
aalieylio acid is replaced by methyl, ctlijl, anijl, &c, — are obt.uued by lic.iting incthyl- 
salicylate of potassium watli iodide of methyl, etliyi, or amyl, in Healed tubes Tlio 
methi/l-eomiiound, G’n\CH')'0», boils at 248°, the ithyl-cmiipoiind, 0 H'(CII ')(C"L[')( ) ', 
at 262°, and the amyl-eompound above 300“ (Caliours, Compt mud xxxix 2,)fl) 
According to C.ilionrs, these ethers are resolved by boiling ivith pot.isli into salieylio 
acid and alcohols, but according to Q-rabe (Ann. Ch Ph.iiin cxxxvi 1 2 f), the iiietliyl- 
compound thus treated is eoiiverted into methoxysiilyhc aeid, U'lI'(CH')Oy and 
the ethyl-compound into ethoxysiilyhe acid (See Saxilio Ann.) 

(C'H'Oy'i 

Senzmo metkyhidicybite, C'“H''0‘ = CH' i-O', is obtained by heating equal 

parts of methylsaheylie acid and chloride of benzoyl, .as long as hydroclilonc acid coii- 
tmnos to escape, washing the tenacious gradually eryst.illi&ing product witli polasli-lcy, 
and crystallising from alcohol or other —It crystallises in oblnpie rhombie inaMiis 
having a splendid lustre They rcin.iin mmltered m w.irm water Whenlie.iUi'l with 
caustic potash, they are strongly iat.ieked, and givo off an aromatic odoiu' , iind on 
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h'Piihiig tlio .iijupoiis solution of the residuo with liydrooUoric acid, a pracipitiito of 
siilicjlie acid is obtained The eorapoundis insoluble m water, but dissolies readily 
111 ulcoliol and ether (Gcrhardt) 

Cimii/hc mathihahcylaU, = GH“ hO*, is obtained in lite manner 

C'"H*'0) 

with chloride of cumul, but requires for its production a rather higher temperature. 
The product is a thicE oil, which remains liquid for a long time, but, if mixed with a 
iittlo other, soliihfies on evaporation to a ladinted moss It is insoluble lu water, 
slightly soluble in cold, more soluble in boiling alcohol, whence it crystallises in highly 
lustrous rhombic scales , very soluble in ether, and separates therefrom by spontaneous 
ev.iporahon in oblique rhomboidal prisms, sometimes of eonsiderahle size. 


(C’ff 0)" t 

Succtnvi mcthjhahcijlate, ■= (CIP)* S-O*— Prepared by gently heating 

(0^ir'o-)"J 

sueeiinc chloridH with about 2 pts of mcthylsalicylic acid as long as hydrocbloric 
acid continues to escape, digesting the lesulting brown mass with potash-ley, and crys- 
tallising it from boiling alcohol The solution on cooling deposits large rectangular 
liimuire composed of easily sejiaruted fibres The compound is sparingly soluble 
m ether (Gorhardt) 


MBTHtt-BIlOlIOSALICTLIO 


Ann Ch. Pliys, [3] x 339 ) — ^Wlion bromine is slowly dropped into methylsalicjhe 
acid kept as cold us possible, and the muss which solidifies on cooling is freed from 
hjdi'obromic acid by washing with weak alcohol and dissolved in boiling alcohol of 
36°, the liquid, as it cools, deposits shining crystaUino himiiiso of niethyl-dibromo- 
siilicylio acid, an additional quantity of which may bo obtained from the mother-liquor 
on cooling alter evaporation to one-hiilf The remaining mother-liquor, however, yields 
by fiuther evapoiatioii crystals of mothyl-bromosahcjlic acid, which may be purified 
by throe crystaUisiitions from alcohol or by sublimation. 

’ lid foriiis silky noodles, having a peeiilinr odour, moiling 
at , limit decomposition. It is nearly iiisoluhlo in watet, but 

dis _ and ether It dissolves in cold eoncenfratod j>atabh-lcy, 

iipjiaroiitly forming the salt C’H’KBr(CII''jOL on heating the liquid, mothylio alcohol 
IS given off; and bromosalieyliite ot potus,sium ronmius A strong solution of ammonia 
giadually converts it into hioniosulicylaimc acid; distilled with cyanide eifmcrcuiy it 
form.s methyl-eyanosalioylic acid. 


MisTHTL-Di]3BOMOsAi.rcyi:,io Aoin, 0’'H“BrW 


hours, loo cit.)— Tins uoidis picpiired, as above described, by the action of bromine on 
mothylsiilicylio acid, or by treating the monobrominated acid ivitb excess of bromine 
It crystallises fiom alcohol in rather largo prisms, melting at 145°, and volatilising at 
a higher temperature It is insoluble in water, hut sohihle in alcohol and ether, 
eajieeially when warm. With cyanide of ‘mercury it behaves like tlie monobrominated 
compound It dissolves in potash and in soda, forming erystallisnblo sails, from which 
It IS separated by acids in its origin.il state 

Methyl-dibrumoaalicylic acid is not attacked by excess of bromine, oven m direct 
sun .slime 

MnTHyn-OHLo aosALioynic aoid, CIT'OIO", is formed when methylsalioyhc 
aeid^s exposed to the action of a small quantity of ehlornio , but it is diifioult to purify. 

M:isTHyL-i)icnr,oiiosALicTi,ic ACiii, C»H:“C1-0° (Procter,!, Pharm [3] 
111 275 — C.i hours, Ann Ch Phy,s. [3] x 343 ) — When ehlorine gas is passed into 
melhylsalieylio acid till the action ecases, .i yclloinsh crystalliiie mass is formed, con- 
sisting of iiiethyl-diclilorosahcylic acid mixed with a small quantity of liquid methyl- 
chlorosalicylic acid By crystnIlis.itioii from boiling alcohol, the diehloiiuated acid 
IS obtained in colourless rhombic tables (Procter) , in needles (Cahours). It melts 
at 104° (Procter), at about 100° (C.ihours), and ciyslallises on cooling, volatibses 
without dpcompo.sition at a stronger he.it (Cahoiira), and sublimes a httle above its 
melting point in iliorabie eryshiis. It is insoluble in water, soluble in alcohol and 
ether , dissolves in cold strong caustic potash, and is sep.irated therefrom by acids m i ts 
original state. It dissolves slowly ui ammonia, forming a chlorinated amide WHieii 
distilled with cyanide of meicnry, it yields a eorapouiid m which the chlorino la 
replaced by cyanogen It is iiol attacked by ehlornio m sniishiue 
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METHrl.-lTITB0SAI,10YI.I0 A 


of Methj/lcne (Oahourg, Ann. Cli, Pliyg. [3] x. 345 ) — ^Produced l)y adding fuming 
nitric acid to mcthyigalicyho acid, cooled so that no spirting may taice place. Tiio 
liquid then qmtklj solidifies 111 a crystalline mass, fiom which the froo n ' ’ 


). most piuiL bo rolatiJised without decomposition It is Tory slightly soluble 
isily soluble in boiling alcohol Potaih and ioila likemse dissolvo it easily, 
forming methyl-nitrobahcylutcs , ammoma ultimntely coiivorts it into nitrosalicylamio 
amd. Boiling potash decoinposts it into methybe alcohol and nitrosaheylio acid 
When filming nitric acid in slight excess is gradii.illy added to methyl-nitrosiihcylic 
acid, a brisk action takes phice, and a dark-red solution is toniied. If tlio inixtiii'o bo 
not cooled, but gently heutid at the last, the liijiud becomes tiiihid, and deposits drops 
of oil, which, it the heat he discontmuad as soon as they cease to incrouso, form a 
yellow resinous mass, and this siibstinco, when dissolved m hot alcohol, sepiivati'S 
almost completely on cooling, in palo-yellow needles, which nndt at 85°, and form on 
cooling a yellow radiated mass, which, if cnreliilly rm.scd to a higher teinpcraliire, 
subhiiies m piile-ychow slender needles. It dissolves sparingly and with slight colour 
in cold water, and niore uhiuid.iutly m hot water, whence it, scjuiutes in long, .slender, 
nearly colourless crystals , it dissolves also ui alcoliol and ether, ospecniily when liot 
Neither the aqiioons solution nor the acid oUaiiied after deconipo,sition wilh potash 
reddens ferric salts The crystals contain 43 10 per cent. 0, 9 57 N, and 3 28 li, and 
are, therefore, a mixture of metliyl-nitiosahcylic and methyl-diuitrosahcylio acids 
(Oahoura) Piooter obtained a similar siihstauco by boiling wintingieon-oil with 
nitric acid of specific graiity 1 14 

MBTUTL-PISlTHOaALlOYT.IO ACID, C'HWO’ = CH* 5-0“. Aouh 

H j 

gavlthhique himirique. SalicqMe demethyline bmtriqve (Oaliours, Ann. Ch.Phjs. 
[8] XXV 6 ) — ^When inethylailicjlie .icul is droiipcd into a mixture of fiinnng ml ric 
acid and turning oil of vitr'ol kept cool by cold water, a clear diivk-oiiuige-coknin'd 
liquid IS produced As soon as the diops of niethylsalicylic acid cease to dissolie, a 
srnuU quantity more ot nitrosiilphurie acid is added,tlie mixture shtikmi till (he solutinn 
oomplcte, and the liquid, after some mimite.s, diluted mth eight times the qiiiiiitilj of 
water, whereupon the metliyl-dinifrusiilioylic acid sepaiates out, and may ho crystal- 
lised from solution in boiling alcohol. The aqueous mother-liquor contiims metliyl- 
teinitrosalicyhc acid. ^ 

Mothyl-diiutrossheyhe aeid forms yellowiah-wliitc crystalline scales, winch become 
nearly colourless alter two crystallisations. It is heavier than water , melts bclwueii 
124° and 125'°, forming a pale-yellowish liquid, which sohdifios in a fibrous in.i'.s on 
cooling, TOlalihses completely when eareiulty heated in a retort, undsuhlimes in lery 
doheate shining laminse When suddenly heated, it detonates, and decomposes, giving 
off a thick black smoke, and leaving a ciirhomiecoiis residue “ ^ 

The acid is msoluhle in water, eien at the hoihng heal, neiiily insoluble in cold 
alcohol, hut easily soluble ui boiling alcohol 
It dissolves in gently-healed ml of vitriol, and is preeipitatfd therefrom by w.iter m 
nearly coloiudcss sciiles, having a strong lustre The solution in oil of vitriol moo oft’ 
caibomc anhydride between 76° and 80° if it be guidually he.iled, luid too gri'iit a 
nee of temperature prevented by frequent iiiiuiersioii in cold 'water, a colourless Jidind 
. IS formed, which is rendered turbid % addition of a large qu.mtity of water 'unl on 
cooling yields small shining needles, which dissolve readily in boiling w'.iter’or.ileo- 
ho], anderystalhsoon cooling— If the sohitionm oil of vitriol bo lieatid soniowli.it 
more quickly, or above 100-’, the liquid turns red and ultimately lihick civ inn off 
carhonic and siilplraroiis aoiliyilndes, and deposits brown flakis wlien mtxcd with 

Methy]-diiiitros.alicylie acid dissolves without decomposition in 111™]!!!! niirir nchl at 
tempcratiires lietween 30° and 40°, and is reprecipitated by w.iter in its'°oiii'iiial state 
Bitromiiruticacid deposits on cooling needles of the 

By continued boiling, either with fuming or with commercial nitric acid it is ram- 
pletely decomposed, with foimation of picric acid By the contamiod urtion of i 
mixtiu’s of iiitiic iuid sulphuric acids, it is couveitcd into methyl-tnnitros.ihcyhc acid 
rihevh^aeid''^^ strong poiiish-lcy, it is resolved into methylio alcohol .iiid^dimtro- 
Kethyl-dmitiosahcyhc and forms s.ilts eonliiinnig C’ffM(NO°;^(UlI’)0° It 
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diasolvos m clilul.(i potasTi irnil wr/fl:, forminp; salts which crj stiillise hy evaporation The 
ammoviiim-saU, C'H-tNH'‘)(CH“)(NO-*)’0^ obtained by dissolving the acid in a slight 
excess uf warm caustic ammonia, cryslallises in yellow transiiarciit needles, sparingly 
soluble in cold, very soluble in boiling water, the solution, mixed with an acid, 
deposits methyl-dinitrosiilicylic acid. The stiver-salt, C'H-'AglCH'') (NO'/O", obtained 
by adding nitrate of silver to a dilute solution of the ammonium-salt, is a yellow 
powder resembling chromate of lead. 

[C’H(N0')»0]"i 

METHVL-TIlINITBOSALIOTI.ia ACID, OH*N"0“ = CH“ J-O’. (Cu- 

H 1 

hours, Ann, Oh Phys [3] xxv. 20 )— 'Wlien the product of the action of a mixture 
of strong sulp' ’ • ’ i ' ’ jg treated with 

boding alcohol sop.iratcd, tho mother- 

liqiior retains yellowish transparent 

plates, but always accorapamed by picric acid 

(C'H'O)") 

Bthylsalloyllo acid, = C“H* >0’. (Cahours, Ann Ch. Phys. 


[3] X 369 — G B.ily, Chem See On J. n 28— Gerhardt, Timii, m 326 ) — 

1 Wlicn 4 pts of alcohol arc distilled with 3 pts of crystallised salicylic acid and 

2 pts of oil uf vitriol, alcohol alone passes over first, then a mixture of alcohol and 
sttiylsaheylio acid, and lastly a small quantity of alcohol with a large quantity of 
pthylsalicyho acid As soon as sulphurons anhydride lipgins to esc.ipe, the distillation 
is interrupted, the distillate shalcen up with water containing a little ammonia, thin 
washed with water, dried over chloride of calcium, and rectified by two distillations. 
(Cahours, Baly). — 2 When absolute alcohol is odded by drops to salicylic chloro- 
hydrate, the mixtm’e becomes heated, and gives off largo quantities of hydrochloric 
acid As soon as the action ceases, the liquid is distilled, and tho poition winch 
goes over towards 225° is collected. (Gerhurdt ) 

Propel iiaj.—Eth>lsalicylic acid is a colourless oil, heoiicr than water Specific 
giiivity 1 007 (Baly), 1 1843 at 10° (Delffs) Boils at 225° (Cahours) , at 221° 
with tlic Imronictci at 28" I’S'" (Dolffs), at 229 6° (Baly). It lias an ngreeahla 
odour, icspml)liii,f' tliat of mothylsahcyhc acid. It dissolves .sparingly lu water, easily 
111 akohal and ether 

Dnoitijiositiniis, — 1, Chlorine anii hi amine act strongly on ethylsaliovlio acid, pro- 
ducing uijstiilhsed substitution-products —2 "With jienluehlontle of pliosj'horvs uud 
with cldm ide ofhemot/l, it iv.iets like tho corresponding iiicthyl-compound. — 3 Ammonia 
dissolves it slowly, converting it into ethylie alcohol and salicylaniic acid — 4 li'um- 
ing nitno aeid converts it into ethylic nitrosahcylnte , but when bulled with nitric 
acid, it yields picric acid. — 5 Wlien boiled with gmieish or soda, it is resolved into 
alcohol and salicylic acid. — 6 Anliydrous haryta attacks it strongly, and tho product, 
when distilled, yields ethjlio plicnate or phenetol 

C’H"(C^H“)0« = CO’ + C»H«(C’“H»)0. 

Ethjignlicyllc Plieiietol 


’ ' ’ • ’ ' — The acid dis.solTcs in cold potash- or soda-ley, forming 

ble ill water Heated iii n sealed tubo with methylvs, ethylio, 
ds tho ctliylsalicylato of methyl, ethyl, or amyl. 

Bemoie cthjhalwylate, C’HXC'H“0)(C'‘ff )0“, is produced by heating tho acid with 
chloride of benzoyl ns long as hydrochloric acid continues to escape It is a crystalline 
muss, soluble in alcohol and ether, and separates from its ethereal solution by spoii- 
tanoous evaporation in the form of an od, which gi'adiially solidifies in nodular groups of 
small prisms. (Gerhardt.) 

ETnTi.-nBoiu:osAi,ioYtio acid, C’H'Bi(C"H“)0*, is produced hy the notion of 
bromine on salicylic acid in excess. It dissolves lery easily in alcohol, and crystallises 
tlieiefi’om in slender needles, very much like methyl-bromosahcylic aeid. (Cahours, 
Ann. Ch Phys. [3] x 841 ) 

ETnTL-Dii3noMOSAi,ioTi,io acid, C'H''Bi"(C'‘H“10“, is produced by treating 
cthylsalicylie acid with excess of bromine It ciystallises in broad uaereoim scales, 
very slightly soluble in cold, iriodorately solublo in boiling alcohol. It melts at a 
rather low teinperiiture, and solidifies on cooling in a mass similar to ciystaHi,sed 
hibinuth; by fusing about 10 or 15 grammes of it, largo weU-deflued cubes may 
bo obtained. Wheu slowly heated, it volatilises almost without residue. It dissolves 
in stiong caustic yiotcs/i, and is precipitated therefrom uaallercd by acids. Ammonia 
ultimately dissolves it, ioriiiiiig dibromosaheylamie acid (Cahours, Ann. Ch. Iliys. 
[3] X 304 ) 
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ETHir£-DiaHi.OBoSAi.ioyi,io Aoin, C’H’C1’(C*II“)0*, is produced by passing 
chlorme into etbj Isalieylic acid heated over a water-bath The eolidiflod rnanu 
obtaiued at the end of the reaction is piiriiled by pressure between bibulous papei. and 
one or two orystallisatioiis from alcohol, whence it is deposited on cooling in saiaU, 
colourless, slunuig plates (Cahours, Ann Gh. Phys [3] xxvii 461) 
Ethyl-»itbosai,icylio acid, C"II"N0‘ = C'H''(0''H")(N0'“)0^ (Cahours, 
Ann Ch. Phys [3] x. 362 ) — ^Wlien fuming nitne acid is gradually added to etliyl- 
salicybc acid, which is tept cool, a red liquid is formed, from which water thiows down 
a heavy oil, solidifying after a while in a crystalline mass The oil sometimes 
remains liquid for several days, but immediately solidifies if a few drops of ammonia 
are added to aatiirate the free acid 'When the solid mass is repeatedly washed with 
cold water and dissolved in hot alcohol, the solution yields by evapioration yellow 
silky crystals, which ninst be repeatedly rociystalhscd 
Ethyl-nitrosalicyhc acid forms yellowish needles, very much resembling the methyl- 
compound, It melts m boiling water, and solidiflos again on cooling Heated with 
fotmJi or soda, it yields iiitroaalieylio acid and alcohol. It is not immediately 
dissolved by ammonia, but when left in contact with it in a closed vessel, it gradually 
dissolves, forming nitrosulioylanuo acid and alcohol 
The acid dissolves in cold potash or soda, forming an otbyl-nitrosabci’lato of tho 
alkali-metal. 

Etuyl-dinitbobai.icydio AciD,C”H“bJ'0’ = C'H’(C''H®)(N0“)“0'' (Oahoiirs, 
Ann Ch Phys [3] xxv 19 . xxvii 402 ) — When diniti’osalicylic acid is dissolved in 
absolute alcohol, and dry hydiocldoric acid gas passed into tho boiling solution, the 
liquid evaporated to oiio-haJf , and n ater added, a heavy oil is thrown dounivliioh 
soon sohdifieS , and if this oil be washod seyoral times with water, and Ihou dissohed 
in boiling aleoliol, tlie solution on cooling yields cryst.da of ethyl-duuh’OSaUcylic 
acid The sanio product 13 obtained by treating othyls.iIioj lie acid with iiitiio and 
sulphuric acids, in the same manner as mothylsalicylio acid la treated for tho prepara- 
tion of motliyl-dinitrosalicylio acid (p 1G4). 

Bthyl-dimtrosabcylic acid forms he.autiful yellowish- white scales and pilatcs It 
melts at a gcntlo heat, and solidifies again in tho crystalline form on cooling Aft cr 
being heated for some time, it remains licpiid tor a eonsidorablo time on cooling, .nid 
then solidifies ui the form of a resin It forms soluble crystallistiblc salts witlithe 
alkalis When boiled with potash, it is resolved into alcohol and dinitrosalicjlio 


Pharm csxin. 277.) — ^Produced by heating biDmide ot ethylene with dry salicylate of 
silver Aftei piiriflcntion, it foiins white needles, having a tatty lustre, mi Iting ,it 88°, 
insoluble in water and in caustic alkalis, soluble in alcohol, and pioeipitutod tbcrefroin 
by ether (Gilmer). According to A. Mayer, on the contoary (Zeitselu’ CTi Pharm. 
1864, p 642), it IS more soluble m ether than m alcohol Tho lauuute rosulting tioiu 
the first ciystiillisation are converted by reerystallisation into largo rolniirlesa nr 
yellowish prisms (Mayer) The eompoiind heated with pentachlomik of phosphoi us 
gives off hydroehlorie acid, phosphoric oxyehloricle, and chloride of khyleiic, and 
leaves a residue exlubibiting the characters ot salicylic anhytodu (G 1 1 iii o r ) 


613.) — Produced by the action of snlieylie ehloiohyjrate on aniylio alcohol. It is 
Iieeessuvy to operate on small quantities only otherwise the action becomes too 
violent, and a huge quantity of phenol is produced 
It IS a colourless strongly refracting liquid, heavier than water, and iii.solublo there- 
in, boiling at 270“ and having .in agrecablo odour With cold uotaali-lev it forma 
am vl salicylate of potassium. (Drioii ) ’ 

When boiled with potash, it yields amylic .alcohol and s.ilioyl.itc oi 


Heated with ehlonde of bmiimjl, it gives off liydrochloiic acid, and yields .i hodv 
which erystalhses in needles (benzoic .araylsahojdate ? Gerhard t); according to 


. . .araylsahcyldl 

Drioii, It yields a viscid mass, which does not readily solidify 
SAIiIC'S'E.imja, C’lI'O- — The anhydride of salicylic acid (p 160). 
BAl.ICTrs.IMlDB, C’ffNO = (Limpncht, Ann CIi Pharm. 

xoviii 261 )— Produced by tho action of heat on aalieylamic acid (p 1,50) The 
residue, obtained by hc.iting the acid to 27fi°, is washed with cold alcohol to lemovo 
uuclecomposed salioylamic acid, it then firms a yellow powder, uhich under tho 
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microscope appears to consist of crystalline needles. Does not melt at 200°. It is 
coloureil purple by feme chloride. 

Salicyliniido is insoluble m water and m aqueous ammonia, but is dissolved by 
alcoholic cmmoma, forming a yellow solution, which, when evaporated, leaves tho 
eoinpoiind apparently unaltered. Acids decolorise the solution , acetate of lead forms 
111 it a white, nitrate of silver a yellowish, and sulphate of copper a slight greenish 
piecipitate. It is neaily insoliihle in hoilmg alcohol and ether. 

SAliICYIiOIi, 0’H‘0“ = Sahcylous Hydnde. Bydnc Salicykte. 

Sahcylous acid. Hydride of Salicov/l (incorrectly Hydude of Sahcyl) Volatile <M of 
Suiraia. (Pagenstecher, Ann Gh Phys [2] bax. 331 — Lo wig, Pogg Ann xxxv 

383 Pina, Ann Cli Pliarm xxix 300; xxx. 103 , Ixsod 245 —Dumas, lOiif icxix 

yofl — Lowig and Weidmann, Pogg. Ann xlvi 67 — ^Etthng, Ann Ch Pliarm. 
XXIX, 309, xxxv 241, hii. 77 — ^Wdhler, ihid. xxxix 121 — ^Marchand, J pr. 
Chem xxvi. 391.— Bertagniui, Ann Cb Pliarm Ixxxv. 193.) — This compound, inter- 
mediate between salioylie aeid, (C’H'Oy'j^Q, and the unknown salieyho aldehyde, 
(C’H*0)” I®, was formerly regiu'ded as snlicylous hydride, or hydride of salicosyl, 
C’H'O'^H It was discovered in 1835 by Pagenstecher, who obtained it by 
distilhiig the flowers of meadow-sweet (Sjoiicea TJlmaria) with water. It appears, 
however, not to exist ready-formed in these flowers, as it oaiiuot ho extracted therefrom 
by iiloohol (Dumas). It is obtained also fiom the green parts and tho rootstock of 
Spit m Ultuana , from the green parts of Sp digitata, Sp lohata, and Sp.filipindvla, hut 
not from the shrubby spirmas (Wioke, Ann Ch. Pharm xci 374), also &om the warty 
seeretioii of tlielarvfe of Chrysomcla populi (Liebig, Schweizer), and, aceording to 
Biiz (Jahiesh 1859, p 312), from the beetles themselves by distillation with water 

Aiiijicudfoimation — 1 By tho dry distillation of qmnic acid (Wohler) — 2. By 
the oxidation of saligomn, either in the free state or ns eoiitamod in salioin or 
populiii , therefore by the action of polassie chromate and siilplniric .icid (Pina), or 
of aqueous osinie aeul (Bnttlernw, J pr Cheiii In 278)011 saligenm, e.ilieiii, or 
populiii, or by the action of bromine or iodine on sahein in water containing potash 
(Lafoi't) Prom s.ihgemn, C'lI'O^ it is formed by direct oxidation , and as sahein 
is a gliicosido of Mihgrnin (p 147), and popnhn has the composition of henzoylsaliem, 
its fonimtioii from these bodies is likewise easily intolhgible — 3 By tho forraontation 
of sahein (11 alike, J pr Chem Ivi.l)— 4. In the dcconipositiun of hehein (111 139), 
by fermentation, by acids, or by heating with alkiihs 

Firpainiwn , — 1 Pi om the flowers of -Spii ira Ulmarta These flowers distilled with 
water yield an essential oil, consisting of salicylol mixed uith a lijclioearbon having 
the ooinposition of turpontine-oil, and a eiimplior-liko suhstaiioe uhieli solidifies at 
ordinary temperatures On nentr.ilising this distUled liquid with potash, evaporating 
nearly to dryness to expel the hydrociirhon (this part of the operation hoing performed 
in a retort to keep out the air), then slightly snpers.ituriiting the residue with phos- 
phoric acid, and distilling, salicylol passes over, p.irtly as aqueous solution, partly in oil- 
drops. It may be fiu’ther purified by repeatedly agitating the last distillate with 
ether, shaking up the decani ed ethereal solution with potash, supersaturating the potash 
solution with phospliorie aeul, and distilling (Lowig, Lehrhuek, li. 7 17 ) 

2 Prom salictn, by oxidation with ehiumie acid The beat proportions, according 
to Ettling, are 3 pte s.ilioin, 3 pts. acid chromate of potassium, 4^ p/ts. strong sul- 
phiii'io aoid, and 36 pts w.iter Tho potassie chromate is intimately mixed witli the 
saliciu , about i| of the water is poured upon the mixlnio, which is then well agitated 
in the retort , the whole of the sulpliurie acid, diluted with the remainder of tho water, 
lb then poured in at once, and tho agitation is rejieatod. A .slight evolution of gas then 
takes place, lasting fur half or three-quarters of an lioiir, tho liquid at the same time 
becoming lie.ited to between 60° and 70°, and assuming an omorald-greon colonr As 
soon as this reaction has ceased, tho liquid must be modorately heated. Salicylol 
then passes over, and condenses in the receiver in the form of a heavy oil, its formation 
being accompanied by tho evolution of carbonic anhydride and formic acid. The 
distillatiou is continued till the condensed water is no longer milky Tho salicylol 
dissolved in the water may he extracted by agitating with ether, and ovaporatiiig 
the ethereal solution, Tho residue m the retort is a solution of clnxime-aluni, on the 
biirfaeo of winch there usually floats a resmoiis matter, resnltuigfrom the decomposition 
of part of the sohoylol. 250 grms. of sahein thus treated yield about 60 grms. of 
salicylol. 

The aqueous extract of willow-bark may also he used instead of pure salicin for 
the preparation of salicylol The siiheylol thus obtained is purified by coinbimiig 
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it \rith an alkali, concentrating the solution, and distilling it with dilute snlphurie 

Properties — Salieylol is a colinrless or reddish oil, having a pleasant aromatic 
odotu', like that of bitter-almond oil, and an aend burning taste It turns red on 
exposure to the air, but may he rendered colourless again by a single distillation 
Spaeiflc gravity >= 1 173 at 13-3° Boiling point, 190 5'^ (Plria), 182° (Ettling). 
vapour-denmty, oba, ■= 4'276; calc = +225 It soUdiflea at — 20°, is inflamniable, 
and bums -with a bright but amoky flame 

Salieylol diasolvea with moderate facility m water, its solution has no action 
upon litmus , it la coloniod deep violet by ferrio salts Alcohol and ether dissolve 
it in all proportions. The solutions have no action in polarised bght 

Salieylol deeomposos allcahnc carlrniates, even in the cold Caustic alkalis dissolve 
it, vnth formation of salieyhtes. When heated with hydrate of potassium, it is con- 
verted into sahcylato of potaasmra, with evolution of hydrogen • 

+ KHO = 

Armuma converts it into hydrosalicylamide (iii 218) . 

3C’HW + 2NH» = + 3H=0. 

By chlcnw it is converted into chlorosaiicyloi, by broimne into bromosalicylol. 
Iodine diBEolves in salieylol without altevatiou; mttio aeid converts it into mtro- 
snhcylol , by prolonged boding with nitric acid, it yields picric acid and ciirboiiio 
anhydride. Boiled with hydrocldoria acid and chloiate of potamum, it yields 
perobloroquinone and carbonic anhydnde (Hofmann) • 

C'H«0» + 6CB + 0* = C“CBO^ + SHC'l + CO’ 

By boding with amd chromate of potassium and dilute sulphurtc acid, it is pai Liy con - 
verted into sidioyho aeid (Ettling). It is likewise oxidised to stdicybo acid Ijy 
boding with oupno omdera alkaline solution, a precipitate of cuprio oxule being foinied 
at die same time. It also reduces oxide of silver AVhcii exposed to the vapour of 
bulphuno anhydride, it is converted into a neutral insoluble body, isomeric with s.di- 
cylol, and related to it in the same manner as benzoin to bitter-ahnond oil. 


Compoumus Ann Detuvativus iw Sautcyioi. 

’ ntermediateincompositionbotweelis.ilioylio acid and 
" It forms, on the one hand, salts ouUod sj. 1 1 cj h t e s, 

by exchange of its typic hydrogen for metids, e.g. (C’H;*0)''| and, on the other 
band, crystalline compoimds with acid sulphites of alkali-motiils. 

These latter compounds are obtained either by direct combiiiation, or by the action 
of snlphnrons anhydride on the salieyhtes of the dkah-motnla ■—Ammnmum-salt —An 
aqueous solution of acid sulphite of ammonium easdy dissolves salieylol, forming a 
yellow oily hqmd, which after some homn solidifies to a crystalline mass. The product 
dissolves in hot water, and separates on cooling m shining slightly yellow noodles. 
When exposed to the air for some days, it changes to u brown viscous ni.iss, having a 
very bitter taste. “ 

Potassium-saH, C’HW.KHSO’ — Sabeylol shaken np with an aqueous solution 
of acid potassic sulphite of 28° Bin , dissolves without colour , ,nul the saturated 
solution solidifies in a few seconds, forming a white inodorous ciysl illmo muss which 

may be recrystallie”'’ * .i- i..i _ ■ . .> 

cold saturated alec 
and 60°, till the yi 


becomes filled with slender needles arranged m sphovic.d groups Tlio comijound is 
white, with a pearly lustre, and a faint odour of salieylol It dissoUes almmlautly 
lu cold water, easily in warm alcohol, less easily in cold alcohol. When boated it 
gives off siilpliurous anhydride and salicylo’, leaving a residue of jiotaseio sulphite 
which afterwards changes to sulphate The aqueous solution, when heated sooil 
becomes tnrliid, and deposits salieylol, heated with acids, or mi.vod (oven I’li the 
cold) with alkalis or alkahne carbonates, it turns yellow, and yields a salicilite Tlio 
solution takes iipiodmc,atflr6l without coloration, when it begins to show coiouv tho 
whole of the sulphurous acid is converted into siilpliiino acid, and the salieylol 
IS set free. With hroinine the solution forma sulplmuc acid and hromosalicyiol 
(Kertagniui.) •' 

Sodmin-sult-A solution of acid sodic sulphite, agitated with a large quantity of 
salieylol, solidifies to a white crystalline mass, the solution of which m hot 
water deposits, on coohng, sliimng erystals, having a sulphurous taste and odour solu- 
ble in piuewater, also, with partial dtcomi.usition, m boihng alcohol (Bertaguiiii ) 
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Mletallloderlvatlvea of Salioylol Salloylltes, C'ffMO* =. C’E^O)" | 
and . — ^Theso compounds are obtained by the action of 

sabcylol on metallio oxides and bydi'ates The sahcylites of the alkali-metals are 
moderately soluble in water ; most of the others are insohiblo. They are yellow, and 
contain water of crystalhsation. The solutions colour ferric salts violet. In the 
moist state they quickly decompose, emitting the odour of roses, and turning brown, 
and ultimately black. 

SahcjjUtes of Ammomum, — The neutral salt, G'H“(NH*)0>, is obtained by 
agitatmg salicylol with strong aqueous ammonia at a gentlo heat, and crystallises 
on coohng in yellow needles. It is slightly soluble m cold water, still less m 
alcohol, melts at 116°, and volatihses without alteration at n higher temperature. 
■When kept in the moist state m a closed vessel, it gradually decomposes , blackens, 
becomes semifluid, gives off ammonia, and acqnires a very penetrating odour of roses. 
The alcohoho eolutiou, evaporated with excess of ammonia, yields goldon-yellow 
needles of hydrosalicylamide (Ettlin^, ni. 219) When macerated with potash or soda, 
it gives off ammonia only after sometime, or when heated. Acids decompose it imme- 
diately, separnting salicylol It decomposes the metallic salts of the stronger ucids, 
yielding the ummoiuum-salt of the acid, and a salicylite of the metal (Lowig 
and Weidmann) An (zoid saheyhU of anvmomum is obtained by dissolving the 
neutral salt lu warm water, and adding salicylol , it orystallisea, on cooling, in groups 
of slender, transparent, yellow needles. (Berzelius, Lehrh iv 360 ) 

Sahoyhtes of Potassium, a Nmtial, O'H’KO’. — 1 Potassium dissolves in 
aqueous sabcylol with evolution of hydrogen, forming salicylite of potabsium (Lowig). 
— 2. When salicylol is mixed until potash-ley of about 46° Bm , the whole solidifies 
to a yellow orystalline mais, whioli separates from the excess of potash-lejr; it must 
ho quickly pressed between bibulous paper, and dissolved in a small quantity of hot 
absolute alcohol, whence the salt crystallises on cooling (Pina) — 3. Salicylol is 
dissolied in throe times its bulk of 60 per cent, alcobol, and caustic potash-solutiou is 
added till the mass becomes solid j 1 vol more of the same alcohol is then added, and 
the whole gently warmed till the solid mass is dissolved The ciyslals, which separate 
on ooohng, ai'e washed with a small quantity of cold strong alcohol, whereby they are 
rendered lighter, then pressed between hihiilous paper, and immediately dried tn vacuo 
over oil of vitnol (Ettling) — The salt ciystalhsos in small straw-coloured prisms 
(Lowig), golden-yellow square tables, with a pearly liistro, and unctuous to the 
touch (Pina, Bt thug). It is slightly soluble in water, and has an alkaline reaction. 
According to Pina, it contains water of crystallisation, winch cannot bo completely 
expelled. At 100° it assumes a dark straw-yellow colour, and gives off 10 72 per cent, 
water (ealc 10 17) , and no more at 120°. 

It is permanent at ordinary temperatures when di-y, hut decomposes quickly in the 
moist state, yielding acetic and moUuic acids (in. 867). When heated, it decomposes 
with appearance of fire, but without separation of charcoal. (Lowig ) 

i8. Joiit salt, C'H.‘KO^,C’H'’0® — Sabcylol is added to the solution of a iii hot 
alcohol, till a sample of the liquid on coohng no longer yields tables, but specular 
crystals, it is then left to cool slowly, and the lesultiug crystals aia washed till the 
yellow colour disappears. White needles united in tufts, somewhat loss alterable thim 
the neutral sidt in moist am, decomposes with water into the neutral salt aud 
salicylol (Ettling) 

Sahoylites of Podium — Tlie neutral salt resembles neutral salieylito of potas- 
sium— Tlie salt, 2(O’H'>HaO*.C’H“O0 H“0, prep-ired like the corresponding 

potassiuin-salt, crystallises more readily in slondnr white iioedles, which aio permaiieiil 
in tlie ail'. At 100 ° it gives off only 0 007 per cent, water; at 135 °, hi vacuo, 4'036 
per cent , and at 140 ° 4 36 per cent It hears a temperature of 160° without decom- 
position, but decomposes at higher lempomtuieB, giving off salicylol. (Ettlin g ) 

Salicylite of Barium, C“ii’''Ba"0' 2H'0, separates as a yellow erystuUino 
powder, when clilonde of barium is poured into .i eoiiceii tratod solution of potassic 
salicylite. A hot solution of baryta satimated with sabcylol, and left to cool, diqiosits 
the same salt in yellow needles. It contains 8 6 per eont water, which it gives up 
at 160 ° m a current of ch'y air — ^Tho stiontmm- and calcium-salts are sparingly 
soluble — The magnesium-salt is obtained by agitating aqueous sabcylol with hydrate 
of magnesium, ns a light-yoUow, nearly insoluhlo powder 

Cupno Salioylite, C‘*H'“Cu"0\ is easily obtained by agitatmg a cold solution 
of salicylol in 50 or 60 times its voliiine of alcohol, with aqueous cupric acetate. The 
liquid then assumes a fine green colour, and becomes filled, after some time, with 
iridescent needles of the siuiie colour These erystala are very slightly solublo lu 
water and in alcohol An additional quantity of them may be obt.uui'il by saturaliiig 
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the acetic add sot free in the reaction with an allcah An aqueous solution of 
Bulioylol shaken np with recently precipitated cnpne hydrate, yields a eujiric salieylite 
in the form of a very light powder of a green colour Cupric sahcylite heated to 
220° gives off saheylol, benzosahcylol, and carbonic anhydride, leaving a residue of 
cupric salicylate. 

Sahoyhtes of Iron — Tho/crro«s salt is obtained, as a dark-nolet precipitate, on 
adding ammonia to a solntion of ferrona chloride mixed with saheylol — Feme salt 
A solution of feme chloride, mixed with saheylol, immediately assumes a dark-violet 
colour. The mixture loses its colour on exposure to the air, but recovers it on a fresh 
addihon of salicylol. 

Salicfflitcs of Lead — a. Seutral Eecently precipitated hydrate of load m 
contact with aqueous salicylol is converted into a hglit-yellow powder made up of 
small shilling scales . — 0 A basic salt, C''‘II'“Pb''0*.Pb"0, is precipitated in light- 
yellow grams, on mixing an alcoholic or aqueous solution of salicylol with basic 
acetate of lead, or with the neutral acetate and ammonia With an alcoholic solution 
of salicylol, the precipitation does not tike place immediately The salt precipitated 
in tlie cold is flocculent at first, hut gradually hoeonies crystnllmo. It is anliydrous 

Meroury-aalt — ^Mercuric oxide is not attacked by salicylol. A strong solution 
of mercuric chlonde poured upon salioyhte of ammonium forms light bulky flocks 

Stlvsi -salt — Ohtiunod by double decomposition, as a yellow precipitate, which 
soon blackens and decomposes. With very dilute solutions no precipitate is fomied, 
but the sides of the vessel become covered, after about 24 hours, with a pellicle of 
reduced silver ; in a hot solution this reduction takes place immediately Aqueous 
saheylol reduces oxide of silver. 

Zinc-salt — ^Aqueous saheylol shaken up with oxide of ziiio, forms a yellow 
solution, which, when evaporated in a vacuum, leaves a yellow pulverulent residue 

Organic derivatives of Salloylol. — These compounds are formed by tho 
notion of salicylol on the chlorides of acid organic radicles 

Aoetoaaheylol, C"H*0’ = C'II\C-H“0)0^ Acetosahoyl. (Cahours, Ann Oh. 
Phavm CIV 109 , ovm Sia.l — ^When equal volumes of salicylol and acetic clilnndc 
arc heated together, the mixture becomes viscous, and evolves large qnimtitius of hydro- 
ohlorio acid, and if, when tins action is over, the hquid be heated for some hours to 
100° in a sealed tube, it yields, on slow cooling, brownish pi’israiitic crystals of aoeto- 
saheylol, which may be purified by pressure between bibulous paper, and repeated 
crystallisation from alcohol 

Acotosahcylol is motameric with coumario acid, (PH’D* H 0, and acetobenzoic 
anhydride, O'^H’O C'ffO.O It is insoluble in water, slightly aolnblo in oilier and in 
cold alcohol, more freely in hoihng alcohol, from which it separates almost completely 
in slender needles 

AmsosaUcylol,G''‘W‘0* = C'H".(C’H’0*)0°, is produced by treating salicylol 
with ehlorido of amsyl. (Cahonrs) 

Beneosaltrylol, C'^II'“0° = C’H^O°C’H"0. Bensosalicyl, Parasal lei/l (Ett- 
liug, Ann Ch Phavm. Im 77. — Cahours, thid. Ixxviii 228 , cviii 812)— Tins 
compound, metameiio with benzoic anhydride, (C'H’O)-O, and oreoseloiio, is iirodiicoil ■ 
1 33y tho dry distiU.ition of cupne saheyhte On treating the oily distillite, from 
whicU erj’stiils have already separated, with potiish-ley, the henzn,9,ilicyiol remains 
imdiBSolved, and may he crystallised from warm alcohol or ether (Ettliug). — 2. By 
tho action of benzoic elilondo on salicylol (Cahours ) 

Benzos,ihcylol eryataUises in obliquely hovelled trielinie prmms melting at 127°, and 
forming a pale-yellow liquid, whiih sohdifles to a radiate mass at 98°. At 180“ 
it sublimes in long needles, niideeomposed, and without previous oluillitioii. It i.s 
insoluble in water, but dissolves easily in alcohol and ether, also, without decomposi- 
tion, 111 gently-w<irmed .sulphuric acid Hot stiong nitric acid dissolves it with evolution 
ot nitrous vapours, and formation of picric acid With chlonno or bromine m sunsliiiio 
it forms crystalline products. 

Ciimosahcylol, C'’H'“0” = C'H“ (C‘'>H”0)0“ Cumosalm/l . — Produced by 
treating saheylol with chloride of cumyL Crystallises in colourless prisms, resoiii- 
bliug toliiosahcylol. (Cahours) 

Suaoinosaltoy lol —Salicylol treated with chlonde of sucemyl yields a compound 
winch crystalhscs in colourless needles 

Toluosahcylol, C'=H'=0“ = C'H'>(G“H'0)0“ Toluosahryl —Prepared by heating 
together equal volumes of salicylol and toluyhc chlonde, pro.ssmg the resulting 
bromiish mass between bibulous paper, treating it with hot pof.isli-ley and then 
with water, and ciystalhsing from strong alcohol. It forms sliiimig, colourless, 
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feidble, easily fusible pi-iama, msolnble an cold water, sliglitly soluble lu boiling water 
and in cold alcohol, more easily in hot ulcoliol and in ether It is not decomposed by 
disliUatiou with hydrate of potassium Porms erystallisable substitution-products 
with chlorine, bromine, and fuming nitric acid. (Cahours, Ann. Cb Pharm cvui. 
312 ) 

Bromosalloylols. Monobromosalicylo}, C’H'BrO’* 'Bicmmalusylaua Acid 
(Lowig, Pogg Ann XXXTI 383- — ^Piria, Ann Ch. Phys. [3] Ixix 281 — Heorlein, 
J pr Clieni sxxii 66 ) — Produced by adding bromine-water, not m excess, to uu 
alcoholic solution of salioylol, and separates, ou addition of water to the liquid, in small 
colourless needles It is leaa fusible thou the corresponding elilonne-componiid, 
sublimable, and distils over with vupour of w'ater. It dissolves m alkalis, yielding 
metallic biomosalioylites 

liiouiosalioylol forma, with the acid sutphtes of the alktdi^nutaJs, erystallme 
compounds, which aio decomposed by prolonged boiling, or by heating with acids. 
The potassium-salt oryatalhses in smaU, colourless, shining needles, the aodium-salt m 
interlaced needles 

Bibromosalioylol, C'ffBr^O®.— -Obtained by treating salioylol with , excess of 
biomme-water It forms long yeUowish needles, insoluble in water, soluble in alcohol 
and in ether 'With potash it y ’ ’ ’ ’ ’ ’ 'phydric acid 

converts it into the aulphydrnte of 

Ctalorosalloylols. Monochlorosalicylul, C'II“C10’ Clthirosalicyloua Add 
(Lowig, Piria, loo cif ) — 8.iheylol is strongly attacked by chlorine, and if, after the 
evolution of hydiochlorio acid has ceased, a current of dry air ho passed through the 
liqiud, ohlorosahcylol remains as a yellow crystallino body, which dissolves in boiling 
alcohol, and crystallises on cooling in eoloiu'loss, nacreous, i’eot.uignlnr plates It has 
an unpleasant udoiu- and burning peppery tasto , melts when heated, and auhlimea in 
lou^ snow-white needles , it is iiifl.imnidhle, and burns with a green fl,amo It is 
insoluble in water, but soluble iii alcohol and ether It dissolves in strong avlphuno 
acid with yollow colour, and is precipitated from the solution 1^ water ‘With 
ammonia it forms liydrochlorosahcylaimdo, C-‘H'“C1W0® = 3C’H“C10* + 2NH’ — 
3H«0{iii 219) 

Ohlornsiilicylol dissolves cosily in alkalis, forming metnlhc chlorosalicylites. 
The potussnm-aalt crystallises in radiate groups of red senles Its solution tre.ited 
with oliloi'ide of biirmni, yields baiytio ohloi osahoylite, 0"H“Bu"0P0* H'^O, m the form 
of a yollow crystalline powder 

Chlorosalicylol dissolves o.isily also in the and sulphites of the alkah-mctuls, 
foiniiiig ciystallme coinpouiitls 

Diohloi osttlicylol, C’H’CPO’*? is produced, according to Lowig, by the pro- 
longed action of chlorine on sahcylol. Ou removing the excess of chlorine by exact 
satiuMtiou with ammonia, agitating the liquid with ether, and evaporating the ethoical 
solution, a soft red body remains, having a pungent oduiu', melting at 25°, and form- 
ing rod salts with the alkalis and alkaline earths It gave by analysis 39 8 per cent, 
carbon, 2 4 hydrogen, and 37 1 ohlonne, whence Lowig supposes it to be dichloro- 
sahcylol, the fonnula of which reqmres 44 0 per emit oarhoii, 2 1 hydrogen, 37 '1 
chlorine, and 20 7 oxygen , hut it evidently requires furtlier examination 

Cyanosalioylol, C*H“NO“ «. C’iI‘(CK)0^. — ^Thi.s nompound, motumeric with 
isatm, is pioducHd by the action of bromide of cyanogen, liissolvud m absolute alcohol, 
on saiioylite of potassium Bromide of potassium tlien sepaiMtes, and the alcoholie 
solution yields by evaporation yellowish cryskillino scales ot oyanos.iliuylol, which is a 
weak base capable of uniting with acids. (Cahours, Ann Ch Pharm cviii. 322 ) 

lodosalicylol, C’H'IO^? — Iodine dissolves in salicylol without alteration, hut 
by distilling a mixture of potassie lodido niid clilorosahcylol, ehlorido of potassiura 
is obtainod, together with a brown sublimate analogous iii properties to chloiosalicylol. 
(Lowig) 

HTltrosallcylol, C'H'NO* = C’H“(N0-)0- Ntlrosalici/lous Acid Spt) oylio And. 
(Lowig, ho cit) — Prepared by treating salioylol, at a gentle huit, with luodeiately 
strong lutnc acid It erystalbscs in ti.mspareiit yellow prisms, slightly soluble ui 
water, very soluble in alcohol nud in ether, its solution impiuts a persistent yellow 
stun to the skin It melts when heated, and solidiflos to a ciystalhue mass ou coohng , 
sublimes partially at a higher temperature 

Nitrosiilicylol dissolves easily in alkaha, forming erystallisable salts When 
saturated with ammonia, it forms a blood-red liqmd, loavmg, on evaporation, a yoUow 
residue, from which potash eliminates ammonia, even in the cold. The solution 
of the bodiuin-sa.t forms n yellow precipitate with lead-suits, a green precipitate with 
cupnc salts, and imparts to fci no chloi ide a deep cherry colour Those salts explode 
wl'u’ heated. 
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Nitrosalioylol unites with acid sulphites of alkaJi-matals. The ammomum-sall does 
not appear to crystallise. The potasstum-salt is more soluble than the sodium-salt — ■ 
The sodium-adit, obtiuned by dissolving nitrosalicylol in a warm solution of acid 
sulphite of sodium, ciyataUises on coohng in golden-yellow interlaced needles, 
soluble m water, insoluble in alcohol. 

SulphosaUoylol, CH“OS. Thiosalwol (Oahonrs, Compt rend xxv. 158) 
— This body, which has the composition of salieylol in which half the oxj'gen 
is replaced by sulphur, is produced by the action of sulphydrio acid on hydro- 
saheylamide in alcoholic solution. It is a pulveiulent subsUnco, which forms salts 
with the alhalis, and colours feme salts violet-rei 
Bromomlphoaalicylol, C’ffBrOS, is obtained by the action of sulphydi.ito of 
ammonium on hromosalicylol, as a hrown resinous substance, soluble m pot,!-.!! — 
When sulphydno acid gas is passed into an alcoholic solution of dibromnsahcylol, 
and water is thus added, a resinous body is precipitated, consisting of sulpliy druLo 
of dibromosnlphosalicylol, C’H^Br'SO H-'S 


SAZ.ZC'yXi-SVX.PHtnUC a.CIS. C’H»SO» Syn. with SUIPBOSALIOYLIO Acid. 


VO Gimmto, i 363.)— This acid, related to sahcylio .acid in the s.aino mamicr as hip- 
purie to benzoic acid (iii. 156), is found in tho urine after salicylic acid has been 
swallowed To preparn it, tho acid iii'ino voided after talang snhoylie acid is evapora- 
ted doTO to 12° Bin , acidulated with hydrooliloiic acid, shaken up with etlier, and tho 
ether is distilled from the ethereal solution The residue yields, by spontaneous 
evaporation, large mystnllme nodules, which, when freed from the niothcr-liriuor by 
pressui's, dissolved in boiling water, and heated with animal charcoal, yield .a cryst.il- 
hne mass, consisting for the most part of slender needits, mixed with larger nociUes of 
sahoylio acid. On heiiting this mixture m a current of air to hetween 140° and 1J0°, 
tho salicvhc acid volatilises , and the residue, ciystallised fi'om hot water eont.iiuing 
animal charcoal, yields pure Bulicylnric acid 

This body crystaUises m slender, shining, erystidlme needles, which when 
ohtuuied from the uqueous solution are grouped eoncentiic.illy. It has a somewhat 
hitter taste, and a strong acid reaction , molts at nhout 100°, and solidifles in tlio crys- 
talline form. It dissolves easily iii boiling water and in .ilcoliol, less o.isily in culd 
water and in ether. The solutions colour feme salts violet, like siilicyho aoid. 

Beoompositions—l. Between 160° and 170°, the acid turns brown, and begins to 
decompose, yielding a sublimate of salicylic acid At u stronger iieat, it swells up and 
gives off ammonia, leaving a residue of charcoal — 2. When boiled with exetss of 
bnrrta-water, it does not form any sabeylate of barium , a small quantity of aminiinia 
is, however, given off — 3. Heated for a shoit time with fuming hydroclilone acid, it 
dissolves, and eiystallises out again uiuiltered , hut if the boding be continued fur two 
or thi'oe hours, the acid is resolved into snliejlio ueid and glycociiie , 


r ffO 


(C’ffO)V 




N 




4 ■Vften it IB boiled with water and peroxide of lead, tho latter is docoloriscd, and 
on boiling the solution, small shining needles separate ont. 

Salicylurates.— The acid decomposes carbonates Its s.dts cvjstalliso c.isily. 

Ihe dai lum-aalt is obtained by dissolving carbonate of Imuum in l.he warm neid. 
As the solution cools, the salt crystallises m large haid prisms, which boeomo opaque 
and give off water when heated, then melt and daeomposo, giving off .imiuunia and an 
oil which smells like phenol, and leaving a residue of bury tie eai'bonatn. Tlio silt 
IS spanngly soluble in cold water. 

Cal omnir salt — a Wlicii carbonate of calcium is dissolved in the armooiis acid tljo 
solution on cooling yields .iggregatcd needles, which aie hnaringly soluble i ii cold « .iter 
and insoluble in alcohol — h When milk of lime is added by .siiccossivo small poM ions 
to the w.U'm aqueous acid, a solution is at first obtained, which suddenly bohdifics to 
u orystalhno mass, insoluble in hoilmg water 

SAMOEWIW, C’H«0^ probably » Ann. Ch. Ph.mn 

111. 53,lxxxi 246— Beilstoin and Seelheim, Jmf cxvii 83 —Gin xn 2.13)— 
A eoniijoiiiicl produced from salieiii by tho action of acida and of eunilsiu (P i r i .l j 
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C'’H'“0’ + ffO = C’ffO” + C»H'00“. 

Also fiom siihcylol, O'ffO-', by the action of soilmm-amalgam in presoneo of wator. 
(Kpiuoeke and Beilstein. Ann, Ch Pharni cixviii 179) 

i>) (jnratioii — 1 An iiqiieoiis bolntion of salicm, acidulated until Bulphnric or hydro- 
chloric acid, IB heated till it just boils up , the liquid is then satxir.ated with chalk, and 
tile flltratc sliakcn uitli other, which takes up the saligeniii A considerable quantity 
ot aaliretin is alwaja ioimed at the same time— 2 ‘When 60 pts of finely pulverised 
halicin Buspended in 600 pts. of water are shaken up with 3 pts of cmulsin (ii IKfi), 
and heated in lukowariu water to a temperature not exceeding 40°, the salicin dis- 
.oulyps, being dccoinpoBPd in the eourse of 24 hours into glucose and Baligemn Whcii 
no more than the pi escribed quantity of water 'is employed, part of the Baligemn 
eijhtiilbses out, and if the liquid bo then twice shakcir up with an equal bulk of ether, 
nml the ethereal liquid evaporuted over the watur-b.atli, the residue aolidifles in a white 
mass composed of pearly lannntc, which may be piessed between paper, and repeatedly 
ci’j MtuUised from boiling water (Piria). Beilstein and Soelheim purify it by rcerys- 
tdUisiition from beuzonc 

Piuperfies— Saligenm crystallises m white rhombic tables hai mg a pearly lustre, 
01 in small colourless rhomhohodrons By spontaneous eviiporatiou of tho aquenus so- 
lution, there is formed a white opaque mass, composed of mioroscopic, shining, iridos- 
eent liinnn.E (Pirin) Specific granty = 1 1613at 25° (Beilstein ami Scclhcim) 
iSiiligpimi IS unctuous to tlie touch. In vacuo over oil of vitriol, it docs not give olf 
water, hut p.'U’tly volatilises, m consequcnco pf wliieli the oil of vitriol becomes eovcied 
with a enmson crust,— It melts when hented, forming a colomloss transparent liquid, 
svhieli solidifies to a erystalhno crust nt 82-’ When heated for some time to 10(1°, it 
yields a sublimate of delicate, while, sliiiiing, iridescent lumince — Tho aqueous solution 
imparts a bright indigo colour to feme salts (Pina ) 

Sabgenin dissoh os in 15 pts of miter at 22-, and in all proportions of boiling water, 
e.isily also in it/culwl and ether (Pina) One part of s.ibgenm dissolves in 62 6 pts 
ot henscnc at 18°, and in a nnieh smiiller quantity ut the boiling heat (B.oilstein 
and Seelheim) The solutionsdo uotiiqt on polurisud light It dissoh es in ammoOTn, 
and appeal's to combine with pcliish. The iiqiieoiis solution does not procipit.ite the 
sails of bamiin, calcium, copper, neutral Ic.ad-iicctato, niorcurio chloride, mlivito of 
silver, or tartai’-emolie With basic .icefato of lead, it forma a so.iuty preoipitato, of 
variable composition It imparts to feme salts a bright indigo colour, which is quickly 
destroyed by boat, or hy'tlie .mtion of chlorine or acids. Tho nlcoholio and othcroiu 
solutions do not exlnb.t this colouring 

Dceempoiitions — 1 Rabgemn heated above 100° gives off aqueous vapour and sail 
cylol Between 140° and 160°, it becomes very viscid, and solidifies ou cooling to 
a mass, which is loss crystalline the more strongly it has been heated, and at length 
there is formed an amber-coloured trauslucont resin having tho properties of saliretm. 
— 2 Exposed to the an in conta'’t with platiiium-black, it is quickly converted into 
salioylol , at higher temperatures the same conversion is produced by mere contact 
with tlie air, or by chrome aoid, oxide of sdver, <Sto , without the formation of any other 
oigamo substance or of earliomc anhydride 

4- 0 = C’H'O" + ffO. 

Mercuric oxide does not net upon sabgonin —When snligenin is heated with sidphurio 
and and perrosnde of manganese, caibonie anhydride and formic acid aro produced, 
without a trace of Siihcylol — 3 Chtmme gas acts violently on dry s.ihgomn, giving 
off hydioeliluric and and forming a yellow rosin, which gradually turns red, and ulti- 
mately solidifies to n muss composed of small crystals, which molt aud turn rod when 
exposed to tho further action of cldorine. liromme acts in a similar manner — The 
duet product foimcd by tho action of chlorine gas on a concentrated aqueous sol'itio.i 
ot saligi'iiin, IS ti'idilornpheuic and (iv 392) — 1 With iodine smAphosphoi us siiligcnin 
forms abroivn liquid, which appears to contain C'H“0 IH, hut is very iiiistahlu (Li m- 
prieht) — 5 Saligemn heated with dilute aads, is resolied into saliretm iiud water 
Ciro-' = C’H;“0 -I- H'O — e strong sulphuric acid eolonrs saligenm deep red, 

like aahar., — 7. Strong nitric and dissolies it, with evolution of nitrous vapours mid 
caibonic anhydi'ide. and formation of picric acid Dilute nitric acid converts it into 
sabcylol, p.ii'tly also into yellow crystals of mtrosalicylol (p 172) — 8 Suligenin is not 
perceptibly altercil by potash-ley at oi-dinary tomporaturcs, hut appears to unite with 
it When lie.ited with sohd puiassic hydrate, it gives off hydrogen, audforms sahcylate 
of potassium : 

C’H=0* 4- KHO = C’H»KO» + 2m 

9. Sodium&cts uponsnligonin dissoliodui pure etlior, with evolution of hydrogen, and 
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formation of a precipitato, consisting of the soJinm-eomponnd C'''ir'''N.iO’. A solution 
of saligenin in benzene reacts with sodium in a similar manner, excepting that the 
precipitate formed is not of constant composition (Beilstcin and Seelheim) — 
10 Pentacldande of fhosphirus coiiTerts saliMiiii into salirctm, with eTolntion of 
liydrochlorio acid and phosphoric oxychloride (Beilstoin andSeelh eim) . 

+ PCB = 2HC1 + POCl’ + C’H“0. 

— 11 Raligemuis also converted into saliretiiihy heating to 100° with acetic anhydride 
and ether , also when hydrochloric acid gas IS passed into a solution of saligenin in 
glacial acetic acid (Beilstein and Seelheim) —12. Saligenin is attacked hycUmule 
vf hfiianij/, mill evolution of hydrochloric acid, and formation of a compound ouiitiuiimg 
C’H'(0'H"0)0-, appiiiently analogous to the compound ethers (Limprioht ) 

ChlorosaliKenins. These compounds are produced by the action of emiilain on 
the correspoiidiiig chloiosiilicins (p 149) They are aU. like saligenin itself, converted 
into resinous matters hy contact with acid^ 

MonocMmomlif/emi), C’H'ClO-, crystallises from hot water in piu-n colourless 
rhomboidal plates, exactly like saligenin It dussolves in water, alcohol, and ether, 
turns feme salts blue, and is changed into a resm (? chlorosalmlm), under the iiiflu- 
enco of acids. (Piriu ) 

DuMorosaligenm, C’H'’CPO-, and PercUot nmligemn, C’H‘CI’0’, arc produced m 
Ilka manner &om di- and per-chlorosaliciu, hut only in very small quiintitiea 
(Piria) 

SAl^IOXtrczc ACID. Syn with SAUcTtnaio Acm. 

SAlilRBTrw. C’II''0 (Pina, Ann Ch Pliiirra xxx. 178, 189 ; In 45,— 
Gerhardt, Ann Cli. Phy.9 [3J vii. 215 ) — This body, which differs from saligcum 
hy the elements of 1 at water, ispioduced by the .iction of dilute acids on b.digeniii, 
or on salicin, glucose being also foimed iii the latter ciise 'J’ho tiniisfoini.itioii is 
effected by the greater miiuber of acids, oven m very dilute solution, pioviilcd llio 
liquid be heated to the boiling-pomt The 8.i.lu'etui then riaos to the siirfucc in tlie 
form of a resinous body, geiiendly yellowish, sometimes quite white In geiieriil, the 
more ilute the aeid (sulphiivie or hydrocldorie) employed, the purer is llm piudiul, 
obtained It may he further pmified hy solution ui alcohol uiid precipitation willi 
water According to Firm, 100 pts saligenin treated with dilute hydrochlorii' acid, 
and heated to between 120° and 130°, lose 15 39 per cent water (calc. 14 52 per 
cent.) 

Saliretin is insoluble in water and aminoiii.s, but solublo in alcohol, etlicr, mid 
strong acetic acid, and is precipitated fiom these solutions by water. Puliisli and 
soda likewise dissolve it, and the solutions are not precipitated by water, but iiculs 
(even carbonic acid) separate the saliretin in the foim of a white gelatinous pulp 
Siilphimo acid colours saliretin blood-rod strong nitric ucid coiivoi ts it at tlie boiling 
heat into picric acid, without formation of oxalic acid. By dry distillation it yields 
phenol, water, and a copious residue of charcoal. 

SAZiZSBURZA. The fpuil of Saliehnna aduintjfoha (or Owglo hlohu) eoiitiiins, 
besides gum, sugar, pectin, citric acid, butyric iicid, &e,9 pur' cent ot a fattj oil 
which is extracted from it by ether This oil is yellow, liaa an acid reaction, sobdil'u s 
in the crystalline state at 0°, contains a fatty acid. O'"!!'*©-, melting at 35°, and 
called by Sehwarzcnbach (Jalnesh, 1867i p 529), gingkoic acid — Tlio fleshy 
part of the 6uit coiitiuns 74 6 per ceiil water, 2 1 3 diy organic matter, iiud 1 1 lusli 

SAZiITIi, Syn with SAHirrn 

SAliXTHOIi. Syn. with Ethtlio Piiunate or Puenetol (iv, 391) 

SAXiIVA. (Lehmann, Lehrb n. 9 — Gornp-Bosanez, Lchrh 43.1 — 
Bidder n Schmidt, ’ i-. - 'Bornaid, X((»«s Pht/s. IC.vp 1856, 

\ol II— B Eekh.ird, iistein, tW p. 101 — Oohl, d'a/im 

tramiio, 1804— Knhni ) 

Several org.'iiis— viz , ■ suhlmgiial, and buccal glands — pour 

into the mouth their lespcctive secretions, winch, mixed together, foim wlint is ouHcd 
mixed saliva, or Imefly saliva 

Parotid Sabva, or the scciction of the parotid gland, iniiv readily bo obtained by 
caiiahzatinn of the Stensonmn duct. The quantity secreted by one gland, in man, ii.is 
been estimated, for the 24 hours, at 1 4 grm per kilo of body-weiglit (Ocdil), Tim 
flrst drops, obtained after introducing the tube, are twrbid and acid, probabiy from 
decomposing epithelium; the secretion afterwards flows clear luid iilkalnm On 
Standing, it becomes turbid, with deposition of c.irbonalo of aalcium, piob.ibly owing to 
esoapa of carbonic acid. Uelil slates that (he fluid, ns it cbcapcs trom the tuba, is 
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ofton acid, pspccially when tlie subject is f.ishng, he also maintiuiis, that U’anapaTfiuey 
belongs to the acid secretion only, an alkaline or a neutral saliva being always turbid, 
even iis it flows from the tube There are no special morphotic constituents SpeciHc 
gravity (man) 1 0031—1 0043, solid lesidiie, '.Oyi — 616 per cent Bidder and 
Schmidt found, in the dog, in 1000 pts water, 996 3, solids 4 7, of which organic 
matters 1 4, salts 3 3 (potassic and sodic chlorides 2 1, calcic carbonate 1 2) Parotid 
saliva is free from mnem, cuntauis a very small ijuantity of globulin, and a larger but 
still small amoimt of albumiu In the horse, Beiiiard found amaterial separable by 
saturation with magnraian sulphate ( ? glohulin) In ni a n, sulphocyaiiate of potassium 
13 invariably (?) found (to the extent of 03 per cent.) (Oehl) Bromides and iodides 
puss readily from the blood into saliva, apparently being substituted for the chlorido.s, 
which are proportionately lessened. 

SuhmamRary Su/iva, which flows into the mouth through the 'Whiirtoman duet, is a 
generally transparent, but somehmes turbid, and always more or less viscid fluid, of 
distinct alkiihue reaction, and of very variable specific gravity Bidder and 
Schmidt found in the dog, in 1000 pts — ^ivaler, 991 45, solids, 8 66 of which 
organic matters 2 89, salts 6 60 (potassic and soJio chlorides 4 60, calcic and miignesiaii 
carbonates and phosphates 1 16) When obtained by c.iuali7.ition, it is limpid ns 
it flows from the tube, but almost iinniedutely becomes viscid Besides niuciii, lo 
which constituent the viseiditi is due, it coutiims n sniiill quantity ot glolmlin .mil oC 
albumin In man, aooordmg to Oehl, it gives faiutly the loiictions of sulphocyaiiate 
of potassium. 

The aubmaxillary gland is subject to the influence of different systems of nerves, 
and the quality of the secretion depends on the kind and degree of nervous action set 
going Excitation of the chorda and excitation of tlic ei/mjiulhdic iieric 

belonging to the gland, produce two distinct kinds of saliva Tiie eliorda-sali v.i is 
transparent, distinctly iilkaliiie, free from morphotic constituents, moderately viscid,nf 
speoiflc gravity 1 0039 — 1 0066, and yields 1 2 — 1 Iper cent solid residue Tlin sj ni- 
p.ithetio saliva is always tiirhid or opiiqui’, cxtieuiely iiscid, and contains poeuliar 
gelatiuoiis microscopical messes, of viirmlilo sire There are also other varieties of 
submaxiUary saliva, iihieh have not as yet been closely studied 

Subhngual Saliva is alkaline, exceedingly viscid, with a solid residue of 9 93 per 
cent , and contains sidphoeyiinate of potassium 

Buccal Saliva, or Oral Mncits, obtained by ligntnring the ducts of all the other 
salivary glands, is very viscid, and abounds in moiphotic ooiistitiieuts — viz epitlielmiii, 
with mucus, and tlio so-called sahvaiy corpuscles. In 1000 pts Bidder and 
Schmidt found 9 98 solid residue, of which organic matters 3 84, inorganic matters 
6 13 

Mixed Saliva vanes in its qualities, according as one or other of its component secre- 
tions preponderates It is generally alkaline, hnt sometimes acid, probably from 
acid fermentation of saccharine aliment retained in the cavities nud folds of the 
mouth, The total quantity secreted in the 24 hours varies oxcec'dingly , Bidder and 
Schmidt oalouUte it, for man, at 1400 gmis ; Lehman ii at 473 grms 

Vm n/’ Sahva — By viitnoof its fluidity and viscidity, saliva is of great assistance in 
mastication and deglutition Aiiini.als, when the ducts of the salivary glands are 
ligatured, chow and swallow with great diflfleulty, 

Whon raw starch is exposed at 36° to human saliva, frequently renewed, the starch- 
gramilose is after awhile dissolved, and fliialljr eonierted into dextrin and sugar 
Bulled starch treated in the same way is almost mat aiitaneously converted into dextrin 
end sugar 

In mail, parotid and siibm axillary saliva, or infusions of the respective gliinds, 
possess equally intli mixed saliva this power over Bt.irch. In the dog, the sympiithetic 
Bubiniixilliiry s.iliva .done acts on starch, and that very feebly (KuJiiie) In the pig, 
rabbit, and guinea-pig, infusions of the siihvary glands, and probably also their 
secretions, are ns energetic .is in man In the horse, the ox, the sheep, and tlie 
ea t, the secretions and glandular iiilusioiis aie entirely or almost entiivly iniietive In 
man the change effectod by saliva on boiled starch is siifiiciontly rapid to allow of a 
considerable production of sugar dmniig the act of mastication But it is evident that 
in many animals the saliva can have no such function. 

Pti/ahn . — This action of saliva on starch is not due to the morphotic elements, to 
mucus, to the globulin, or to the other albuminoid constituents, but seems to belong to 
a special “active piineiple” or “ferment,” for which tho name ptyalm may be profitably 
reserved. If saliva be treated, first with dilute phosphoiic acid, and then with lime- 
w.itoi, the bulky precipitate of pliospbiite of calcium carries down with it the greater 
part of the ferment, together with albumin If the separated deposit bo ngititcd with 
distilled water, it gives up the ferment but not tho albumin hence by filtration a 
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clear liquid is obtained, acting powerfully on stareli, Tint free from albumin. Prom tliis 
the ferment may be preoiuitated by alcohol, forming, when carefully dried, an amor- 
phous powder (mixed with pliosphutos), containing nitrogen, but not exhibiUng the 
xanthoproteic reaction (C ohnli oini.) 

Ptyalin IB mostactive in a neutral or faintly alkiilino solution; the addition of an 
(loid, or an alkali, first delays, thni arrests, and finally destroys its action It is most 
active at a temperature ot about 36°, its properties aie wholly destroyed when its 
solution is boiled The presence of an excess of glucose hinders its action, 

MP 

or BEB-BBCKTHOSHir. iPtppojiAae ikamnoides (lii. 

165), 

SAliBZIAC, Syn. with Sai-ammoniao, or Chlobimi or AintoNitnu. 

SASiBSOMIG ACSa, Salmsame Lachssuure — A reddish fatty acid, existing, 
according to Frfimy and Valenciennes (J Pharin. [3] xxviu 401), m the reddish 
muscles of TuriDus species of salmon, most abundantly m Sithm salmo and S. liar- 

SAI.SAPAEtsi.i.IW, or SAl.3SI>AM»r. Syn. with Sabs vPAituLm. 

S AXiSOliA. A genus of chcnopodiaceons plants, growing on the seashore, and 
gonoraDy on sods noh in common salt They yield a large quantity of asli, cliietiy 
consisting of sodic carbonate, on which account several species (ISulbola Kah, >S 
Snda, &c ) arc cultivated for the prcpiu-ation of natuial soda, or haiilla Suho/a Soda 
is cultivated for tins purpose chiefly in Spam, ne.ir Alicante 

The ashes of several species of salsola from the Kirgliis Steppe, have been au.ilysed 
by Gobol (Sene tn the Stejfpin dea andhchfn SuatJawh, Dorp. 1837 and 1838, 
ffandv! d CAWi. lii 204) The youngplaiits of /n ac/iiatu, air-dried, yielded 30 

percent ash, ofwliich 66 5 per cent, was soluble in water, older pliints gave only 18 per 
cent ash, containing 63 5 per cent of soluble s.ilts. Young plants of 8 etamuta gave 
42 per cent ash, of which 74 per cent, was soluble, young plants of 8, lanata gave 
19 0 per cent, of which 38 per cent was eoluhlo m water. Old plants of 8 hmcvia 
gave 7 0 per cent ash, containing 44 6 per cent of soluble salts ; old phmts of 8 ta- 
imrisoma 0 3 per ceut. ash, containing 46 per cent soluble suits. 


Comfoadwn of the Ash of various Sjwctes of Salsola 



bonic cniontle, sra-saft, or common sail, (ho substance whioh is alwava 
denoted when the word “salt” (Gr Saj, L.it 6«f,Fi' scl, Gcim Sah) is uscdwitliout 
quahflcation inordin.iry )angiingo,wa.s doubtless the first body to which fins naml w ! 
given Tho word salt itself in its Greek form, sufficiently estnllishes (his f.iol — SAr 
in the feminine Icing used for the sea, and in the maLcuhne for the solid nrodiiut 

would have been expressed, iii the language of a later timothy tsying that sea-s dt was 
the essence, or essential prinoiplo, of sea-water. Aecoidingly, when n 
that other wateiy liquids yielded, undeithe same cond-'-^ - ' 

stance, not very unlike eoa-sult in appuiiraiice, the in 
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Bnljstnnceb also TIuiSv aeeovdmg to Kopp {Gesehichte der Chanif, iii 2), Aim stotla 
Cftlla the residue deposited on coobng by the evaporated lixivium of wood-ashes, salt, 
and TtioacoL'ides and Pliny omimerate ns one of tlie lands of salt, mild fixed alkali, 
some other allied substances also bore the same name But, as Kopp very judiciously 
points out, this extension of the name salt to other bodies than that to which it was 
first applied, indicated ignorance of the real differences of these bodies, rather than any 
clear poiception of analogies among substances recognised as distinct. Tho use of the 
term was, liowever, such as to show, clearly enough, that tho notion which it originally 
conveyed was that of a soluble sohd substance produced from a watery lupuid by 

iSus' original idea' of solubihty, as tho most charaeteristio property of snlme or salt- 
like substances, retained its ground down to the times of the alchemists , but, as the 
differout bodies to which the common name of salt was applied came to be more accu- 
rately distinguished from each other, it became necessary to adopt for them distinctive 
appellations, and thus in the writings of AlhertusMagnus, Kay mund Lully, and 
their coiitoniporarios of the thirteenth oeiitiiry, occur such speciflo names as sal mart- 
mim, sal pctiis or sal ntltn, sal aminoiaacum, sal vegctahih (potashes), &c All tho 
subhtanocs denoted by these names have been ever since classed as salts . butthat the 
ideas attached to tho word salt, at the period referred to, wore very vague and indefinite, 
is sliowu by the fact that all the then known iiietallie salts, a class of compounds winch 
possess, m as marked a degree as any, tho cliaraeters now recognised as saline, weui 
denied the name of salts byBasil Valentine (in tho hilter part of the fifteenth 
century), and classed together .is vitriols. There can be no doubt, liowcvor, tlint this 
arbitrary distinction, ns it seems to ue, between iiiotallic salts and other salts, wins in 
harmony with the chemical ideas g'oiierally prevailing ,it the time Pur tho alolieniists, 
the mam problem presented Ijy chemistry was tho study oftho metals, justas for levvoisior 
and his school it was oombiistion, and forBeiveliusit was tho quantitative composition 
of mineral salts as lUustmting the doctrine of dcriiiito proportions Ilence it is not 
surprising that substances either pirodnced from metals, or from which metals could 
be obtained, should have boon regiu'drd. by the alchemists us of .m essimtially different 
natiu’e, and, so to speak, as iiossessiug a liigbor rank tlinn tho .siihstuiioes known to 
thorn as salts Acoordiiigly, this srpar.vtion w.is generally maintivincd u.s long us nlclie- 
my held its ground, but w.is abandoned as wider views giew up in tho scioiieo, and 
even during the alohemic.il period it was not recognised by those chemists who were 
not aloliemists Thus BoinnrdPalissy.in a tract, " Scs Sds diners cf da Stf com- 
inuii” published in 1580, chissed together as salts, common salt, saltpetre, (.ho vitriols, 
alum, borax, sug.vr, corrosive sublimate, tirtir, ami s.il-aiiiiiioniae (See Lije of 
diernard Pabssy of iSamks, by Henry Morley, London, 1855, pp. 90, 97 ) 

Tho most important modification which the onginal idea of ii salt nnderweni, 
befoio the begimiing of the eighteenth century, was that it implied a substance not 
only possessed of solubility, but capablo of uffectmg the souse of taste It is not oleai 
at what period the latter property began to be generally recognised ns an essential 
eliaraoter of salts, but it was commonly loccivcd as such m the sixteenth century In 
making tho po.saeasiori of taste an essential quality of salts, chemists W'ere evidently led 
by tho analogy of chloride of sodium, tho original salt, whoso rem.irkablo flavouring 
power has been a chief cause of its common employment from the earliest ages 
(“Can that which is niisavoiuy be eaten without salt f ’’ — Job vi 6.) Dining all 
this period, therefore, all that seems to have been implied, when this or th.it particu- 
lar substance was called a salt, was that some undefined degree of rescmbhinoo m 
external qualities, especially in the two just mentioned, was perceived between it and 
common salt , and it is probable that the notion which iiiiderhiy the .ipplioutiou of tho 
same name to tliese various compounds, was rather that of their being modiflcatiou.s 
of a single fundamental substaneo than radically distinct though analogous bodie.s. 

But during the latter part of tho fifteenth, the wliolo of tho sixteenth, aud ii great 
part of tho seventeenth centiirn s, the term salt was used not only in the son.se that 
has been explained, as a generic name for certain definite preparable siihstances, 
but also in a inucli moie abstract souse, as the name of one of the supposed ultimate 
elements of all material things. 

Thus, according toBaail Valentine, all inorganic substances were made up of 
salt, sulphur, and meremy, and Paracelsus (in the early part of the sixteenth cen- 
tury) declared that tlie same tlireo substances wore the elements of aU bodies, organic 
as well as inorganic — a doctnno which was adopted by a great many succeeding 
chemists And until the rise of analytical chemistry, and tho foimdatioii of the 
modern views of the nature of the chemical elements by Boyle in the latter part of 
tho aeventeeutli century, s.iltwas almost always einiineruted as one of the elements, 
although opinions varied considerably as to the others 

In order to luulerstaud tins use of the w’oid salt, it is needful to remciiiboi' that the 

VoL. V. J5f 
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ides, of an “ element," at the period we are referring to, was very different from that 
winch IS expressed by the same word now. It had much less reference to composttwji, 
as now understood, than to what were supposed to be the intnnsic and fundameutiil 
properties of material bodies. The principles recognised as eletnentary by tho chemists 
of that nge, differed both in name and in attributes from the elements admitted by tlie 
Greelta , nevertheless, the, notion of an element was still essentially of the same quality 
as that acted upon by Aristotle, when he selected as elements Pire, Water, Air, and 
Harth, on the ground that they appeared to him the most distinct embodiments of Heat 
and Gold, Dryness and Moisture, which he regarded as the fundamental qualities of 
matter. Accordingly, when we fcd salt spoken of as one of the elements, and as a 
constituent of all manner of suhbtaiiees — as it is, for instance, by Piihssy in the 
treatise already referred to ■ “1 tell yon further, that there is nothing in this world 
which has no salt in it, whether it be in man, the beast, the trees, plants, or other vegeta- 
ti re things, or even in the very metals, &e.” — ^we are not to understand the stiiteiiient ns 
we should if It were uiade by a modem Chemist, but should rather take it as implying 
that salmo properties (solubility and taste) were suppoaed to belong in soma degioie In 
all substances. In particular, the notion that salt was a constituent of the met.ils was 
clearly nothing move than tho theoretical concept ion, in aceovdance with tho geiieial 
modes of thought prevailing at the time, which corresponded to the known fact that by 
various processes the metals could he actually transformed into salts , for the conver- 


sion, say, of iron into green vitnol, was not then regarded as a process of oommnahoii 
of iron with other substances, hut simply as a process in which iron was inoilifled in 
such a manner as to allow its previously latent saline qualities to be manifested. 

The name salt being applied to all substances which were soluble aud possessed of 
taste, included some which dilfeivd greatly in other properties Tims, in addition to 
neutral salts, it included the acids and alk.ilis As the properties of these two classes 
of bodies became known, it was gradually recognised that they were in many respects 
antagonistic, and ospecmlJy that, by thoir action upon each other, their distinguishing 
characters were move or less completely obbteruted, new and oompiU’atively ludifforent 
substances being generated. Those observations led to the subdivision of salts mio 
three olasbes, variously distingnishod by different chemists Prom about the year 
1700, the names bywmoh the three elassea of solts were generally indicated worn 
salta acida, salm alaahna, and salia salsa, solid media, or saha neutra. 

The relation which had thus boon already partially perceived between acids, iilkalis, 
and neutral salts, was made by G, F. Rouelle, in 1744, the basis of a general theory 
of salts, which closely approximated to that very generally adopted in quite recent times 
The importance of the step made by Rouelle was such as to mako it desirable lo 
state his views in his own words In the introduction to a paper on Salts in the 
Memoirs of the Academy of iScieiiees of Paris, for the above-mentioned year (Mem 
Acad Boy. Sciences, 1744, p 853), he says “La pldpart dee ehymistes iie donneiit le 
nom de sel neutre, moyen ou s.ile, qu’i un trks-petit uombre de eels , il y on a indmo 
eu qui n’ont donnd ce nom qn’au sold taitre vitrioW, demandant pour c,iraet5i’o do 
oes sela qne I’acide et I’aleab qui les forment soient tellement unis qu’ils idsistent X 
touts d&omMsitiou , d’autres out admis aveo le tartre vitrioU les Reux sols noutres 
formas par 1 union des acides du sel mann ct du nitre -X dob buses iilcnli fixes, tels 
sent le sel mann et le nitre, d’autres y joignent trois autros sols formds par I’uinuu 
des trois acides A un aleab volatil, qui sent le sol ammonioeal secret de Glauber ou lo 
sel ammonineal vitnolique, lo sel nmmonineal ordinaire, et le sel ammoniueal iiil-n iix , 
il y a eu d’autres ehymistes qui out joint aunombrede ces sols noutros pliibioura ,1111100 
substances salines Je donno 4 la famille des sola noutrea toute I'extonsioii qu’elbi 
peiit avoir , j'appelle sol neutre, moyen ou said, tout sel fonnd p.ir I’union do quolquu 
aeida qui 'e soit, ou mmdral ou vAgAbil, uvec un nlciili fixe, un alenli voliitil, uiic tm .0 
absorbnnte, une substance mdtalliqup, ou une hnile,” And again, in another pain c 
in 1754, ho says, referring to tho one already quoted “J’ai dtcndii le uoiiiImi 
, ,.P8 sels antant qii’il Atait possible, en deflnissant gdndriquemeat Ip snl iioutro un m I 
formd par riinion d'un acide aveo une siibataaco qnelconqne, qiu lui sort de base et liii 
doiiue line forme concrete on solide.” (Mim. Acad. Boy. Sciences, 1754, i.p ,17.: 
674 bee also Kopp, GtsofmMe der Chetme, lii 68, 69.) EouoUp was not llm 
first to recognise that the combination of acids with alkalis gave riso to neutril .‘-iiil., 
blit, necordmg to Kopp, he was the first to declare formation by the uniuii of auiil aii.l 
base to be the charactenstic mark of neutral salta. and thus rested the idea of a neutral 
salt upon chemical composition, instead of upon external properties 
^ a consequence of the alteration which Rouelle introduced in the definition of 
salts, some substances which hud previously been considered as belonguig to it (i«ir 
instance sugar) were excluded from it, and others—namely insoluble sails, hucIi hb 
liorn-sitver and calomel -which had previously been excluded, were now inelnded m 
It; and, moreover, an essentisJ distinction was made between acids and alkalis ( n tbo 
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opo haucl, and neutral salts on tho other These views did not. however, immediately 
meet with universal aooeptanoe. Solnhility was still reguKlod by most chemists as an 
essential quality of salts. Tho idea which commonly prevailed as to the nature of 
salts, ninety or a hunched years ago, may be gathered from the following extracts In tho 
foiuteenth volume, published in 1765, of Diderot and D’ Alembert’s “ Eiicyclop6die,” 
is an article on Salts, commencmg thus . “ Sul et Sels. — On comprend sous le nom de 
ed troiB esptecB de bubstanccs, les acides, Ics olkaliB, et Icb sclsneutres, en rduniBsaut 
les piopi'iAtis communes 4 ces trois classes, on trouve que les sels sont des corps 
solubles dans I’eau, incombustibles par enx-memes, et savoureux, il fant bien se d6- 
feudre d’appeler sd tout ee qui sc crystallise, sans quoi nous confondiions plusieiu'S 
corpa tris differeua entre eiix ” In a Biciiomiatre do Chymw (Macquer’ s), pubhshed 
at Pans in 1766, salts ai-e defined ns follows. — “ Les propnet&s eesentielles do toule 
matik’o qu’ou doit legardor eomme sahne, sont d’affecter lo sens du gofit, on d’avoir 
de la savenr, d’6tro dissoluble dans I'eau, et d’avoir tontes los antres qnalitis prmci- 
pales, comme la pesanleur, la fixit4, moyonues entre eelles de I’ean, et eelles de la terra 
pure.” (Op, cii.ii 412) A few years later, Bergman, in his Sciagyaphia regru 
minm nlis{^xx), thus states the distinguishing marks of salts — “ Soles audiunt, qui 
in linguA plus minus saporis excitant, et probe pulverati aquA ebulliente, saltern 
milUes ponderosiore, solvi possunt Igne hquescimt et plerique mutantnr vel 
destruuntiir ” In his Thoughts on a Natural System of Fossils, after characterising 
sails almost in the same words (gxhii.), he pmiiti, out (§§xlviii—l), that taste, depend- 
ing on the varying perceptions of indiMduals, is iicc&ssaiily a very uncertain ciitorion, 
while solnbihty, being a property which admits of an infinite number of degrees, is 
hardly less so, unless defined by arhitrardy-chosen conditions Borgijian scorns, 
liowever, to have perceived that the saJmo character was fuudamoiitidly a matter of 
composition, even to the extent of inferring solubility in the case of substances which 
liad not been proved experimentally to be solublo thus, in § li of the work last quoted, 
he says:— “Vitriolated ponderous e,irth, commonly called sputum pondeiosum, 
aeiated lime, fluorntod lime, impregnated with tho acid of the lapis pondirosimi, arc 
all saline earths by the force of composition, and are even without doubt soluble, 
though to what extent expeiience has not yet determined,” 
vSiicli then wore tho prevalent opinions ns to the iiaturo of salts, when Lavoisier, 
by lus discovery of the important functions of oxygen, changed the whole aspect of 
ehenuoal seionoe Lavoisier’s own ideas on the subject of salts are thus expressed 
by him •—“Les substances acidifiables, on se combinant avoo I’oxygino, et en so con- 
vertissaiit en acitlcs, acquiirentuuo grande tendiniceila combinaison, ellos dcvioimont 
Busceptibles de s’uiur avco des substances terreusos et mAtalliques, et e’est de cotte 
reunion que rdsultent les sels neutres Les acides peuvent duiic Atro regaisUs conimo 
de vAritables pnuoipes sahfinns, et les substances auxquelles ils s’unissent pour former 
des sels neutres, comme des bases sabfiables . . 

“ Cette maniAre d’onvisagor les acides ne mo permet pas da les regavder comme des 
sels, quoiqu’ds aiont quolqnes-nnes de leurs propriAtos princip.ile3, telle quo U solubi- 
lity dans reau, etc. Les acides, comme jo I’ai diji fait observer, rAsultent d’un pre- 
mior ordre de oombuuisons , ils sont formes de la rfiunion de deux pimcipes simples, 
ou au moms qui se comportent a la maniire des prineipes simples, et ils sont par con- 
s^quent, pour me semr de I’exprcssion de Stahl, dans I’ordro des mutes. Les sels 
neutres, au contraire, sont d’un autre ordre de eombmaisons, ils sont formfe do la r6- 
union de deux roixtes, et ils rentrent duns la clnsse des eomposys Je no rimgorai pas 
non plus, par la m/imo cause, les alkalis m les substances terreusos, telles que In chaux 
lamagnisie, etc , dims la classe des sels, et je ne d&iguorai par eo nom quo des oom- 
posiis formys de la ryuiuon d’une substineo simple oxygAn6o avec ime base quelconquu.” 
{TiaiU ilimmtaire do Chmie, ed. 1789, vol.i pp 162-164). Although these views were 
in ths m.ain, with the exception of what related to the constitution of the acids, only 
a reiteration of tliose expressed forty years previously by Eouelle, they were felt b^ 
Lavoisier to be so little in bamioiiy with eoiitomporm-y opinion, that ho thought it 
needful to add to the passage we have quoted tho following apologetic foot-note — 

“ On regardera peut dtre comme un dAfaut de la mAthodo que j’ai adoptAc, de m’avoir 
contiaint 4 rejoter les alkalis de la classc des sels, et je conviens que e’est un reproche 
qu’on peut liu fairs, mais cet ineonvAnient se trouve compensApar de si grands avan- 
tages, qneje n'ai pas cru qu’il dut m’arrAter ” 

In accordance with these viows, the history of whose spread and adoption makes 
part of tliat of the antiphlogistic system in general, a salt was a combination of a 
highly-oxidised substance (an acid) with a base. The bases of the metallie salts were . 
already known to be oxides, and the same was soon demonstrated, by Davy, to be 
true of the earths, alkaline earths, and fixed alkalis Hence salts soon came to be 
defined as compounds of electronegative oxides (acids), with electropositive oxides 
(bases), and all salts were eonaequently regarded as containing oxygen Salts were, 



however, hnown in which the presence of oxygen eonld not be directly 2 irnvecl, and 
amongst them was common salt itself. As a natural consequence, the constitution of 
such bodies gave rise to much discussion. The application of Lavoi3iei’’s doctrine to 
the chlorides, for instance, caused them to be regarded as compounds of metallic 
oxides with muriatic acid, supposed to contain oxygen This was the view adopted by 
Gay-Lussac and Thdiiard {Mbnoirei. WArcueil, ii. 357, S68 [1809]; and 
Rechei'ches pkiimco-clnmV[ues, ii 166 — 178 [1811]) as the most probable conclugion 
that could be drawn from their investigations into the nature of these compounds, anil 
maintamed by Berzelius until about the year 1820. (See his Lehrhuehdi^- Ghemie, 
[fh'St German edition, 1820, translatedfromtheseeond Swedish edition], vol i especially, 
pp 707—714 , almJahreahericht, i 46, [1821] , n 60—62, 70 [1822] , m. 98 [1823] ) 
Davy, on the otlier hand, who never udopted very fully Lavoisier’s views, regarded 
the emorides as compounds of the metals with a simple body, chlorine, comparing them 
to the simple metaUie oxides, and represented the salts known to contain oxj'geii ns 
double oxides Speaking of these substances, he s.iys • “ They aie, in fact, all com- 
pounds of oxygen with double bases , and when one fixed alkali, or earth, or oxide, 
separates another, it may be supposed that the busis only is cimnged Thus, whero 
llydnit of potassd separates lime from its mtnc solution, it may be conceivecl tliat 
the potassium only takes the place of the calcium, and that the oxygen and water of the 
hydrat of potassa unite to this metal, and that the potassium unites to the oxygene, 
nitrons acid and water of the solution " {Moments of Oimical Philosophy [1812], 
p. 496 ) 

The adoption of Davy's views of the constitution of the chlorides was greatly pio- 
moted by the discovery of iodine in 1811, and the investigation of it by himself and 
by Gay-Lussac in 1813—14, one of the first consequeiieos of which was that Gay- 
Lussac himself bocurae convinced of the elementary nature of both iodine and 
chlorine And important additional evidence, that oxygen was not essential to the 
constitution of salts or .icids, was afforded by Gay-Liissao’s discovery of cyanogen, 
and analysis of anhydrous prussic acid, in 1816 In consequence of those discoveries, 
a large number of chemiets, if they did not adopt Davy’s views of the constitu- 
tion of salts m general (for which see also the article Acids, i 41, 42\ ut h'ust ad- 
mitted that, in addition to ordinary salts, which they regarded as formed by tlie union 
of (anhydions) acids with metallic oxides, there was another classof salts— comprising 
the chlorides, iodides, sulphides, cyanides, and perhaps the fluorides — into whose com- 
position oxygen did not enter Berzelius, however, held fast to Lavoisier’s 
definition of salts (“Unter Salz ver.stehen wir eine Veibinduiig emer Sauremit eiiicm 
Alkali emer Erdart, oder einom MetaUoxide " Ij.‘hrbucli, ed. 1820, i 817), uiul 
consistently declared in consequence that, if the chlorides, &o were constituted as 
represented by the adherents of the new theory, tliey could not be salts at, all 
(" Daher ist das salzsanre Natron odor lioohsalz [welches dmeli seme Gesuhloclitsahn- 
hohkeit mit anderen Salzen Anlass gogebon hat, das Wort Salz als allgomeiiiu 
Bonenmuig des ganzen Salzgesclilechts zii gebraiidien], dor iiouen Theorie gemass, kein 
Salz mehr. . , .” — Op eit. i. 711 — “ Die salzsauran &lzo sind in diesor Theorio keino 
Salze, z B Kochsalz ist nicht erne Verhindnug von Natium nut einer Saiire, snndiTii 
erne Verbmdiing von Natrium mit Chlor.” — Jahesh.ii 60) Berzelius jioreoivoil, 
what most chemists of that time do not seem to have done, that the chemic.il liistori 
of iodine afforded in reality no now argument in favour of Davy’s theory, .ill the 
combinations of lodmo admitting of precisely the same kind of interprotiitinn .is tlie 
corresponding compounds of chlorine, on the supposition that both were oxidised com- 
pounds of unknown elements. (For his views of the chlorine-compounds, sco i 902 ) 
The sulphides he did not admit into the category of salts at all , the cyanides, liowcvcr, 
especially cyanide of niercuiy and priissiate of pnbisli, could nut be denied tlie i) 0 .s- 
session of ihstmctly saline properties But even these suhstanoos were not regardod by 
him as affording conclusive evidence that true s<vlta could exist without containing 
oxygen, for, .ilthongh it was certain that they contaiuod, in adihtion to metal, notliuig 
but carbon and nitrogen, the latter element was at this time regarded by Berzelius 
as itself a compound of oxygen with an unknown radicle, nitricum. Eeprosentmg 
onecombmiiig proportion of this supposed radicle by if (- 6), and one combining pro- 
portion of oxygen by 0 (= 8), his view of the constitution of nitrogen and its oxides 
may be represented by the following formul® — 


Nitrogen ^ = BO \ Nitrous acid (anhydrous) = ifO* 

Nitrous oxide = RGP Nitnc peroxide = p{0^ 

Nitric oxide = fiO“ j Nitric arid (unhydrous) = if 0“ 


(For the reasons urged by Berzaliue in support of these views, which were mainly 
founded on the phonomona attending the formation of ammonium-amalgam, see his 
Uhrhwhda Chmiu,e& 1820, i 22.5,226, 491,492, 613—619, 806, 810.) 
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Tlio oii(;m]intiin''0 which chicHj' emitulTOtcd to make Eerzel lue at laat receive tlie 
so-called “ chloi'istii' theory ” wa!! h'araday’ n dmeoveiy, in 1821, of the scsquiclilonde, 
protochloi'ulo, and hiohloride ot eaibon It had hccn, from the tlist, one of Davy’s 
btPOijf;i'fat .iigumcuts against tho esistouee of oxygen in elilormn, and consequently in 
the chlorides, that chlorine was not docoinpo.sed hy cnihon even at the highest tem- 
pcratiiies The opponents of hib views deelcied that this experiment was inconelnsive, 
tor chlonno could not be decomposed, undei these eiienraslances, withoutthe formation 
of carbonic acid or oxidS, and (hypotlietieally) anhydrous mmnatie acid, to the formation 
ol which theio would be no tendency nnlesb these cunipounds fvere tliemsolves capable 
of uoinbmmg together, and they maintained that there nas no evidence of the possibility 
ot such a combination. Tho chlorides of carbon discolored by Faraday ivere, howaver, 
precisely such compounds, and, upon the old view of the constitution of chlorine, could 
not he otheiwiso represented than as conihinations ot (hypothetically) anhydrous 
muriatic acid, with anhydrous oxalic acid, carbonic oxide, and carhomc acid respec- 
tively Such an luterpietiition of the nature of these substiinccs seemed to Berzelius 
so little in harmony ivith their properties, as to be even less probable tlmn the views 
ns to tho olonieiitary character of ehlorino and iodine, which ho had hitherto opposed. 
He afterwarils saw a confii'ination of these viev s in the colour of red prussiate of 
poiasli, discoveied in 182'2 by Leopold Gincliu in las account of tins salt, in his 
Third Annual Eeport (p 98), he says that ho had hitherto reRaidedtheieddish colour 
of tho sesqiuuhlonde and other sesqmsalta of non as favouring tho idea that they oon- 
taiind as a proximate constituent the icd sesquioxide, hut, a» a red salt was now 
knnvn which deinoiistrably contained no oxygen, ha considered this view no longer 

In 1825, Berzelius himself discovorod the siUphur-salts, and thus afforded a fresh 
]jroof that snbstauoes perfectly devoid of oxygen could possess all the ohametors of 
salts In consequence, he seems to h.ive enliuly ehuiigcd his opinions as to whnt were 
the essential marks of a salt He now says distinctly that it is not a question of com- 
position but of properties “When, for example, sodium comhines with chlorine, tho 
piudiict IS eunimon salt, the most churucteiistic of all s.ilts , hut \i lieu sodium combines 
willi oxygen, It dons not piodnce a salt, hut a suhstmico which .icqiuros properties 
luialogoiis to those ot common salt only hy comhuiiil ion with an ucid. The idea 
winch is 10 he connected with the word s.ilt c.innol, llierofore, he deduced from com- 
position, tor, 111 the livsl place the salt is composeil of two simple bodies, and in tho second 
ot two oxides Tlio ide.i of what a salt is must, consequently, bo derived from that 
kind of oil'd rooheinic.il indillcrence, wliicli chemists ti.ivo from antiquity very fitly 
called and which results fiom llio combination of substances without 

respect to the tlonicnts of wliioh the iieutrul coiiipoiiud is formed ” {Jahnab, vi. 
185 [1820] ) ^ Berzelius’s views of tho nature of salts are further illiistiated hy the 
inanuor lu which ho olassilied the simple bodies in relation to them At the place 
last quoted he divides the elements as follows — 

A Bu’CTniiirEGiTivE 

1 Those which produce sidU by direct union with electropositive elements,— 
Halogens miinely, clilorinn, iodine, and probably fluorine 

2 Those which piodnee idSf! by union with elcetiopositive elements, and aoids 
by union with elf ctronegai ive ehmonts ot tho thu’d class — Ainplugeus; 
namely, oxygen, sulpluir, selcnumi, and tellurium. 

3. The remaining non-mctaUic oleineuts, and the eloetronegalive metals’ by 
union with tlie second class of electronegative elements they form acvh (and 
sometim^ also very weak bases) This class contains nitrogon, carbon, 

B Elucteopositive . 


Tho electropositive elements do not admit of siibdiiision hy combination with 
electronogutive olemeiits of the first clan's, they foi'in sultby 'with those of the 
second class, bc(ses ; with those of the thu-d class, alloys 
Salts themselves weie divided into two classes the brat class, called haloid salts, 
ineluded those formed (liko cljlorido of sodium) hy the union of an electropositive 
metal ■with a halogen , tho second class, amphid sails, was composed of those formed 
(like potassio siilpluiio) hy the union of an acid and a base, and was subdivided into 
toiu' gener.i--namcly oxysalts, sulphosalts, seleniosalts, and telluriaalta- according to 
the natm-e of the ampliigeu contained in them. (Seofnrtlier Berzelius, Ja/ii’tsi. viu. 
137—1 13 [1828], where the sumo views .ire again iiisistfd on ) 

These views were accepted, almost withoiitquestiou, hy the gieat majority of chemists , 
and they will be recognised by every reader as having been reproduced, with very little 
varutioii, in nearly every toxibook of chemistry published from the year 1830 till 
witliiii the list ten years, and oven in ninny that arc stiU more recent It ns hardly 
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needful to say, that it is for this reason that we have discussed Berzelius’s opinions at 
so great a length. There were, however, always a few ehemists to whom the division 
into haloid salts and amphid salts appeared arbitrary and inadmissible. The most 
important of the earlier attempts to reduce all salts into a single class gave rise to the 
so-called “ binary ” theory, already alluded lu the article Acids (i. 42 and 46, foot- 
note), This theory, however, never exerted a very important influence on the progi-ess 
of chemistry, and it is therefore not needful to discuss the arguments by which it was 
supported and opposed. 

If we try now to state wliaf is the idea which is attached to the word salt, as at 
present need in ehnimcal science, wo find it impossiblB to do so in very precise terms. 
Probably we may most correctly define this idea by saying that it implies the 
capahihty of readily undergoing double decomp)sition. (“Nous appelerous seh, ou 
oosyis Unomes, tons los composis chuniqnes formis par deux parties, I'mie m^taUique 
et I’antre non-mitalliqiie, ponvant ninsi s’&hanger par double dAcomposition ” — ■ 
Gerhardt, Introdmtion d Vitude de la Chimtcpar le Systhme Unitaire, 1848, p. 91 ) 
In its most restricted signification, the word salt suggests a substance winch, if soluble 
in water, can produce rapid double decompositions with other soluble substances, or, 
if insoluble, can be produced as a precipitate, as the resivlt of a rapid double decom- 
position taking place between soluble substances This is ccrtiiinly the idea suggested 
by the application of the woid salt to ohlonde of sodium, nitrate of potassium, 
sulphate of barium, nitrate of silver, hydrooblorate of aniline, &o. By an ine- 
viUble extension of nieamiig, the name salt is also sometimes given to substances 
which, like chloride of ethyl, give rise to slow processes of double decomposition with 
aqueous solutions of the salts speeially so called. By a stdl fiu’thor extension, it is 
sometimes apphod to such bocfics us acetate of ethyl, or stearin, and even thesu 
compounds do not mark the limit of its occasional apphc.ition The fact is, that <is 
there is no class of bodies known — not even excepting the elements themselves — 
which do not, under certain conditions, give rise to reactions which must (or may) he 
represented as double decompositions, so there is no class of bodies to whioli the 
name salt, as implying capability ot double decomposition, is completely inapplicable 
The name is, however, most commonly and most appropmtely applied to those bodies 
of which reaction by double decomposition is the most characteristic property, and 
which exhibit such reactions under the most familiar conditions. G. 0 h'. 

SAXiT GARDEKS. Marais salins. Shallow ponds or ditches, excavated on tho 
seashoro and puddled with clay, for eouceiitratmg sea-water by spontaneous ovapora- 
tiou, and obtaining common salt. (See Sodium, Ohlohidb ov.) 

SAIiT EAKES. Balescen. Inland seas containing considerable quantities of 
ehloiude of sodium, and other constituents of sea- water and salt-springs, carried down 
by the vmions streams which flow into them. As the water evaporates during tho 
hotter season of the yeai, chloride of sodium, more or less pure, separates out, and 
the lemaining water approaches in composition to the mother-liquor of oidmary salt- 
springs, containing considerable quantities of the ehlondes of inagm sium and calcium, 
and conipiiratiToly little chloride of sodium, also bromides, potns.sium-salts, &u 
The proportions of these sover.il constituents vary with the season of the year, ac- 
cording to the temperatitte, and the quantity of fresh water brought down by rivers 

Salt-kkcs are espiecnilly numeroiiB in tho groat basin of Northern Asia, tho lowest 
part of which is occupied by the Caspian Sea and Lake Aral. In the guvernment of 
Aatrachan there are 129 of these lakes, of which 42 are worked for the pruduclioii of 
salt Near Kistmr, in the government of the Caucasus, there arc 21, from 18 of which 
salt 13 hkewi.se obtained. One of the most considerable of these salt-lakes is the Elton 
Luke, m the Steppe of Kirghis, between tho Eivers Volga and Uial As tho water of 
this lake evaporates in summer, tho chloride of sodium eeparatos out in loose niasheh, 
which nftorwiu'ds become denser It is very impiu'e, containing largo quantities of 
magnesium-clilonde, which gives it a sharp and bittertaate. If, howevoi, this deposited 
saltionininsin the hike, and is exposed to the sohent action of fresh water in the following 
spring, the chlonde of miignesinin and other foreign salts, being more soluble than the 
chloride of sodium, are first dissolved, and tho chloride of sodium remains as a compact, 
stony, bluifeh mass, hanng a pure saline taste A black mud is at the same time 
deposited upon it, and forms a shiu’p demarcation between the deposits of successivo 
years. This lake, in 1832, yielded, 40,000 tone of salt. 

Tho following tables exbbit tho percentage composition of the water of several salt- 
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Water qf the Dead Sea, 



The following analyses of the water of the Dead Soa, in diflerent parts and at 
different depths, have lately been published by A. Torreil (Oompt. rend. bai. 1329 ; 
Zeitsohr f. Chem. [2] u. 416) — 

Dead Sea. 


Depth in metres . 

Specific gravity at IfiO • 

build residue in 100 pcs water. 

Chlorine .... 

Ilromiiiu ... . 

S0‘] 

Calcium . . 

'^odMiin 

Potassium . . * . 




Hribia 

''Mcr.Jd* 


TSoaun. 

3i 

Surfece 

4 7GH3 

Surface 

20 6789 

1 1877 

20 0904 


1 .300 
i7 IGOC 

300 

2- 8 ir 

1 7fi28 

0 0i02 

0 41(17 

0 OHH'i 

0 0474 

2 0825 
0‘0K.« 

0 M70 

0 7fll6 
0*0779 

12 0621 

0 ooijj 1 

10 2153 1 

14*6M3 

0 0.15a 

1 1 172 

16T.44J 
0 48.14 

osSsi 

0 24^1 

'S 


0 U52J 

0 4380 

2 6703 



20 7131 




25'9984 


Traces of carbonic acid, ammonia, feme omdc, alumina, and organic mutter wore 
likewise found ; no iodine, phosphoric acid, lithium, csesinm, or rubidium 

The table shows — 1 That the density and concentration of the water increases 
with the depth.— 2. That the composition vanes throughout the ontme breadth. The 
water to the north of Sodom contains a larger proportion of sodium- than of magnesium- 
chloiide ; and, ns a consequence of this, small fish are able to live in it — 3. That the 
proportions of the ditfereiit constituents are the same at all depths, the bromine alone 
appearing to inciease in a greater ratio at a depth of 300 metres. 

The quantities of potassium-salt and of broimuo in the water are remarkably great. 
The w ater of the springs and rivers in the neighbourhood contains chlorine, sulphuric 
acid, carbonic acid, hme, magnesia, potash, and soda, but no appreciable quantity of 
bromine. 

Salt Lakes of the Noithern A.itaito Dasm — a Oioomiak Lake, in the north-west of 
Persia, specific gravity 1 666 (Hitchcock') — 6. Elton Lake, in spring (Gob el). — 
0 The same in suifimer (Erdmann). — d The same in autumn (G. Eose) In tlio 
clay soil of the shore of this lake, Eose found small crystals of gypsum; small groups 
of crystals of magnesium-sulphate were also found floating on the water — e Hitter-salt 
Lake of Kigatsoli, one of the arms by which the Volga flows into the Caspian Sea At 
the bottom of this lake there is a deposit of sodio-magnesic sulphate, a foot thick. — 
f S<ilt-lake of Tasly, near the highroad from Sympheropol to Enpatoria . — ff Lake of 
Hogdo, north-east of the Bogdoberg in the Caspian Steppe — h Salt-lake of Tschak- 
raltskoi, not far from Kertsch, separated only by a narrow strip of land from the Soa 
of Azof — z Stepauow Lake — k, Indertseh Lake.— 1. Putrid lake on the eastcoast of the 
Crimea, separated only hy a narrow tongue of land from the Sea of Azof. The water 
contains a small quantity of calcic sulphate, and smells of aulphydric and hydrochloric 
acids — m Salt-lake of Arsa rgar, the largest next to the Bogdo Lake, between the 
Elvers Volga aud Ural 
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SALTPETEE- SALT SPRINGS. 


100 pts. of the Lake-wator contain — 



The analyses e to m are by Oobel (ffeise ui die Steppen des sudhclien EuMhtiids)'. 
tlipse ivatei'a -were examined for bromides and pota8sinm-e<dt8 only ui ii tew cases ; 
blit it IB probable that those salts exist in all salt-lakes (Hmdw. d Chnu, vii ‘118 ) 
SAIiTPBTKE!. Nitrate of potassium (see NiTBiTBS, iv 98). Nitrate of sodium 
is often called Cluli Saltpetre. 

SAXiT-BABICIiB. The chlorous or electroupgativoconslituont of a salt, accord- 
ing to the hiuary thcoiy e g ,0\ in KCI, SO* in IC*SO*, &c 
BAITS, KrOMHErci.ATimB OF. See Nomunciatohb (ir 126)— The fol- 
lowing salts were denoted in the older language of chemistry by particular names, 
some of which aic still occasionally used • — 


SiiT (Amioniacal, Fixed) Chloride 
of calcium 

Su,'!' (AsraiONiACAi., Seobet) op Glau- 
EEU Sulphate of ainmonnim 
Saet (Aebdhioai, Neuxeai.) op Mao- 
queb Acid arsenate of potaeeiiiin 
Sait (Bitteb, Catuabtic) Sulphate of 
magnesium. 

Salt (Oooimon) Chloride of sodium. 
Salt (Dioestive) os Sylyios. Acetate 
of potassium 

Sat t (Diubbtio) Acetate of potassium. 
Sait (Epsom) Sulphate of magnesium 
Sai.t (t" EHUirnQB) op Sylvius. Ghlonde 
of potassium 

Salt (Fusible) Phosphate of am- 
monium. 

Salt (Fusible) op tTnmB Phosphate 
of sodium and ammonium. 

Salt (GLALmrit’s) Sidphate of sodium. 
Salt (Gbeen) Iu the mines of Wie- 
lieslca the workmen give this name to 
the upper sti.itnm of native salt, which is 
rendered impure by a mixtime of clay 
Sai t (Makinb). Chloride of sodium 
SaJ.T (MaBINE, AllGILLAaEODs). Chlo- 
rida of (iluminimn 

Salt (lUlirnocosMic). Phosphate of so- 
dium and uminoiiium 
Salt (Nrrjions Ammonucal) Nitrate 
of ainnioninm 

Sait of Ambeb Sucemio acid 
Salt op Benzoin Benzoic acid 
Sait op Canal Sulphate of magne- 


Salt or OoLCOTHAE, Sulphate of iron. 

Salt op Eqba. Sulphatu of maguo- 

Salt op Lemons (Essential). Aoid 
oxalate of potassium. 

Sai.t op Satubn Acetate of lead. 

Salt op Sedhtz, Sulphate of magne- 
sium 

Sai.t op Sbtohettb. Tartrate of potas- 
sium and bodiiim. 

Salt op Soda. Carbonate of sodium 

Salt op Sobbel Acid oxalate of po- 
tassium. 

Salt of Tabtab Carbonate of potas- 

Salt op ViTEiOL. Purified sulphate of 

Salt op Wisdom. Ammonio-morouno 
chloride, fiNfCCl Hg"CP.n*0. 

S.U.T (Perlatb). Bisodic orthophos- 
phate 

Salt (Polyohrpst) op Glaseb. vSid- 
phato of potassium 

Salt (Sedative). Bovacio acid 

Salt (Spikit op), Hydi’ochloric acid 
was formerly called hy this name, which 
It still retains in eommuroe. 

Salt (STn.pHDHEoo.s) op Stahl. Sul- 
phite of potassium. 

Salt (Wondebpul) Sulphate of so- 
dium. 

Salt (Woitoebfdl, Pemate), Disodio 
orthophosphate. 


SPKIMfCS. Tins name is applied to waters which contain large quantities 
oi chloride of sodium in proportion to their other constituents, and are therefore used for 
t,on of that salt In many .saltworks, artificial salt-springs are formed by 
rock-salt or b.nv-sslt. ,n sr.,.»mer, or in a weak solutioa of sodium-chloride. 
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SAEiVXA, The garden sage, Salma ojpcmali^, yields, liy distillation antli irater, 
an essential oil, nhieh is light-yellow or nearly colourless when fresh, hut after a time 
becomes darker and deposits a camphor It has an aromatic taste, and a penetrating 
camphoraccous odour, like that of the plant It floats on water, its specific gravity varying 
from 0 86 to 0 92 (Zeller). It toils between 1.80'^ and 160°, bnt not at a constant 
tempoiatiire. According to Koehloder (Ann. Cli Pliarm. xliv 4), the composition 
and boiling-point of the oil vary greatly with its age, and when rectified over solid 
potasli, it yields oils diffenng in composition and hoiling-point. These oils may bo 
regal ded as compounds of the hydroc.irbon C“1I'“, with varying quantities of oxygen 
(fiom 3 to 11 per cent ) Sage-oil treated with cold concentrated nitric acid becomes 
hot, and is converted, with evolution of gas, into a red rosmous mass, which wheaij 
distilled with water gives off common camphor, C‘"H‘“0, mixed with an oil. "Wb™ 
suge-oil IS dropped into fuming nitric acid at the boiling heat, it dissolves, giving off* 
mixture of carbonic anhydride and nitric oxide If the liquid be then distilled witu^ 
water, pure camphor collects lu the condensing tube In the formation of camphor 
from siige-oil, 2 atoms of the hydroearhou, C“II'“, give up 2 at. t) and 4 at. H, which 
escape as carbonic anhydride and water ; 

2C“H'» + O’ =. -t- 200» + 2H’0 

Auotlier camphor, or stoaroptene, is deposited from sage-oil when kept for a long 
time in a badly-closed vessel (Ilerberger, Eepert. Pharm xxxiv. 138. — Om xiv. 
309 ) 

Hlasiwetz (J pr, Chem. h 356), by boiling volatile oil of mustard with soda- 
limo, once obtained an oil which had the odour of sagc-oil, and contained 80'0 per < 
cent, carbon, 111 hydrogen, and 8 9 o.\ygon, agieeing nearly with the formula C'®H®0 
(80 25 0, 10 91 H, and 8 84 0). Its foimntion may peiluvps be represented by the 
equation 

6(C’H“CyS) + SNa'O = C'«H»0 + C’ll'NaO’ -i- SNaOyS. 

Allyllo sul- &dge-oil Sodii pro- Soctic sul- 

pliocjan.ite. plonato phocyiinate. 

Ecspecting the forment-oil of Sal via pratenm, see ii. 636 

S AIiYIiIC ACIS. This name was given by Kolbo and Lauf omann to a supposed 
isomer of benzoic acid, Chiozza, as already' observed (p 164), by treating the 
piodiict of the action of pliosphoric chloride on salicylic acid pith water, obtained an 
.icid having tho conuiositmn of chlorolienzoic acid, C’II“C10'- This acid was after- 
wards examined by Limpricht and v. Uslar, who found that it differed in orystaUina 
form and melting-point from ordinary chlorobcnzoie acid (i 666), and therefore 
regarded it as isomeric with the tho latter. This conclusion was corroborated by 
tho experiments of Eolbe and Lantemann (p 164), who designated the elilonnated 
acid obtained from salioylic acid, as chlorosalylie acid , also by those of Kokiili 
(Ann Oh. Pharm cxvii 146, Jahresb 1860, p, 396) Kolhc and Lantemann also 
found that chlorosalylie acid differed from chlorobenzoio acid in its behaviour with 
sodium-amalgam, the latter being scarcely acted iqjon thereby, wbnreas tho former is 
easily depriied of the whole of olilorino, and is converted into salylic acid, G’n'O®, 
isomeric with bonzoic acid 

Salylic Acid precipitated from the alkaline solution by liydi-oclilorie acid, and purified 
by reorystalhaation fiom water, is said to form very small needles, which under tlin 
microscope never exhibit tho indented form of benzoio acid It is more volatile than 
tho latter, melts at uoaily the same temperature, wz at 119° (benzoic aeid melting at 
121°), is much more soluble than benzoic acid, 1 pt of it dissolving at 0° m 237 pts. 
water, wheiciis benzoic acid requires 607 pts Some of tho salts of salylic acid differ 
also m form and solubility from the corresponding benzoates (Kolbe and Lante- 

Griess, by acting on di.izobenzo-oxybonzamic acid (iv. 293) with nitrons acid, has 
also obtained an acid isomeric with benzoic acid, whieli ho regards us identical with 
Kolbe and Lauteinann’s salylic acid 

On the other hand, according to E EeielionbachandBcilstein (Ann.Ch Pharm. 
cxxxii, 309, Bull. Soe Chim. 1865, ii 53), the so-called salylic acid, wJiether prepared 
fiom salicylic or from diazobciizo-oxjbenzamic acid, is nothing bnt ordinary benzoic 
acid, more or loss contaminated with foreign substances After being distilled with 
water, converted into a Bodmm-s.dt, precipitated by hydroeldoric acid, and once recrys- 
taUiaed, it exhibits all the characters of pure benzoio acid , likewise in its salts, 
and in the nitio-ueid prepm'ed from it. 

Grabe (Ann, Ch Pharin cxxxvi 134, Bull Soe Chim 1800, i 432), by treating 
methylio metliylsalicylate, C’I1'‘(C=H’)’0” (p 162), noth potash, has obtained 
an acid containing whichlieregaHlsasmethoxysiilylic acid, C’H'‘(CII“)0“, 

perhaps metlioxybenzoio acid [Cahours obtained salieyhc acid by the same reaction]. 



SAMADERA— SAMBUCUS. 


This acid orystalliBea in large tables, slightly soluble m cold water, easily soluble in 
boiling water and in ether Its solution is strongly acid, and docs not give with feme 
salts the reaction characteristic of salicylic acid. It melts at 09°, and is partly resolved 
by distillation into carbonic anhydride and nnisol. 

Ethylio nietbylsalicylate treated with potash yields, in like manner, an acid contain- 
ing = 0’HXC'‘H‘)0». (Grabe.) 


SAMASERA I3VDIC A (Gartn.), Vithmanma dli/ptica (Valil) A tree of the 
simarubaceous order (class Tereomthaoea), growing in Java, and called by the Malays 
Gahp Pahit The almond-shaped fraits (which are enclosed in leathery capsules! nud 
the bark are distinguished by a peculiar intensely bitter taste According to C. L 
Illume (Arch. Piiarm. cxlvi 265, Handw. vu. 222), the friut and bark cnutain, in 
100 pts, — 

Matters soluble in ether 
„ „ alcohol 


Fruit. Biirlt 

34 2 Vi 

84 51 

10-6 1'2 


CeUiiiose 
Water . 
Ash-constituents 


potash 


OT trnce 

39-0 70 0 

4-6 11 8 

27 7 9 


Ether extracts from the fruit, a colourless oil, having a peculiar odoim, and 
saponiflable by alkalis. The alcoholic extract of the fruit consists chiefly of a brown, 
very bitter substance (perhaps a resin), which is somewhat soluble in water, iibsurba 
nionsture from the air, and deliquesces. — The aqueous infusion of the finiit yields a deli- 
quescent, very bitter extract, containing tannie acid and a peculiar bitter principle 
called s amaderin. The ash of the fruit contains carbonate of cnleitun and the ehlo- 
riiles of calcium and potassium 

Erom the bark, ether extracts a light-yellow fat of soft resinous consistence, which 
IS only partially sapomflod by alkalis, and appears to be a mixture of rosin and fat 
Tho alcoholic and aqueous extracts of the bark have the same constituents and pro- 
perties as those of the fruit. 

Samaderin, the chief bitter constituent of the bark and fruit, is most easily pre- 
pared from tho aqueous infusion by evaporating it to an extract, and treating tho oxtrai't 
repeatedly with small ijuantities of alcohol, it may be pnriflod by solution in water, 
and treatment with animal charcoal. It is dazzling white, with a foliated and aonio- 
whut feathery crystaUme structure, has a persistent and intensely bitter taste, stronger 
perhaps than that of any other known substance, dissolves in water more easily tli.m 
in alcohol, and to a slight extent also in common ether. Its solutions ai’o perfectly 
neutral. When heated, it melts and gives off vapours having a sharp bitter taste 
Hydrochloric and nitric acids colour it yellow. Strong sulphuric acid immediately 
produces with it a splendid I’ed-violot colour, which disappears after a while , a conside- 
rable quantity of feathery, strongly iridescent crystals la formed at the same time. 
Samadeim produces no particular reaction with metallic salts, or with tincture of 
iodine, ehiomate of potassium, or ferrocyamde of potassium. 

SAMARSKITE. TJranoniobate of yttrium and iron, occmTing near Minsk, in 
the Ilmen Moiintains'(iv. 65j * 

SAMBTTCUS. A genns of plants belonging to the order Capn/nUaccre. The 
beiTioa of the dwarf elder or danewort (Sambticus Ebulus) contain m.alic acid (Bracon- 
n 0 1), and a i ery gelatinous soft resin which may bo used ns birdlime. 

The root -bark of the common elder (Sambuetta nigra) coutaiiis, according to Simon, 
an emetic and purgative soft resin, which may be obtained by treating tho .ilcoholia 
extract with ether, and evaporating,— The flowers contain a volatile oil, wbicliis very 
soluble in water, and is therefore not enslljr obtained by distillation with water The 
best way of preparing it,' according to Wmckler, is to concentrate the water in wliicli 
fresh elder-flowers have been macerated, saturate it with common salt, shako up with 
ether, and evaporate the ether. It is coloui-leas, bghtor than water, and has tho pene- 
trating odour of the flowers, which, like musk, is capable of fllling a very large 
space. At 0° it sohdifies to a oiystaUine mass, like oil of ruses It bus a very liiph 
boiling-point When exposed to the air, it turns biwii, thickoim, and acquires the 
udoui' of decayed elder-flowers It is said to contain sulphur Elder-berries coutaiii 
according to Scheole, malic but no citric acid, also sugm-, gum, a peculiar siidorifle 
substance (which likewise exists in the flowers), and a red colouring matter, which is 
turned blue by a smell quantity of alkah, green by a larger quantity. 


• It is there called “uranonlobite” of yttrium, &c , 
ttclii, is now known to be the only oxj'gen-acld ' 
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SAMECK pAEACHIiSl. An oTjBolete name of neutral potassic tartrate. 

SAIMOITB. An aluminous silicate allied to allopLaue, oecurriug in etalnetitic 
forms 111 the lava of Upolu, an island of the Navigator group. It has a lamellar 
sti’iirtui'o, whitiah colour, and slightly nacreous lustre ; hardness = 4 0 to 4 6 ; spocilie 
gravity =• 1'7 to 19. Contains, aeoordmg to B. Silliman, jun , 3126 per cent, 
silica, 37'21 alumina, and 30 45 water, together with 4 06 magnesia, 0 01 calcie 
carbonate, 0 06 soda, according to another analysis, however, 3619 sihea, 3185 
alumina, and 30'80 water , the formula is therefore doubtful. 

SAMPHAW. Syn with Sapajj. 

SAHD. This name is mostly applied to quartz occurring m a granular or 
pulverulent form, as on the seashore, in the beds of rivers, and covering extensive 
tracts on many parts of the earth’s surface , but it is also extended to other minerals 
oceumng in a similar condition . hence the terms dolonutio sand, iron sand, titani- 
ferous sand, Sie. 

SAMOAli-WOOD, Bandel-wood, Santat-mod, Bed Saunders-wood — A dye-wood 
furniahed by the Pteroam-pus Saiiiuhnus, a papilionaceous tree indigenous in the tropical 
parts of Asia. It oooura in commerce, sometimes in large heavy billets of a flue red 
colour (oaliatur-wood)— sometimes as a led, loose, dusty powder It has a somewliut 
harsh taste, and when warmed or rubbed gives oflf a faint agreeable odour. It is 
used in India, together with one-tenth of sapan-wood, chiefly for dyeing silk and cotton, 
to which, and also to wool, it imparts reds of various sliades, according to the kind of 
mordant used. (See Uro’s Dtctionaiy uf Arts, See , m. 631 ) 

Sandal-wood contains a peculiar ’ ’ ” ’ santalin, and, 

according to Meier (Ann Oh Ph • i rosinousbodics 

which ho designates as santalic , snutalidido, 

and santaloidi de , the last four being extiacted from the wood by water — the first, 
together with santalin, by alcohol These five bodies have not, however, been obtained 
piu’o, and theu’ separate existence is very doubtful. 

Santalin, or santalic acid, (f), is prepared by treating the wood with 

other, and evaporating the resulting solution ; dissolving the highly-coloured crystals 
thus obtained in alcohol, after having exhausted them with w.ator , precipitating the 
alcoholic solution with acetate of lead , boiling the violet precipitate several times 
with alooliol, then suspending it m that liquid, and decomposing it with dilute 
sulphiu’io acid. (Meier ) 

Sautalm forms small crystals of a fine red oolomt, and without taste or smell. 
It IS insoluble lu water, but very soluble in alcohol, forming a Wood-red solution 
which reddens litmus. It melts at 104°, and at a higher temporiitiire becomes resinous 
and pufik up. It oontiiins, according to Westermaiin and Haffely (Ann Ch. 
Pharm Ixxiv. 226), 66 86 per cent 0 and 6 2 H, the formula requiring 65 7 0, 

6 1 H, and 29 2 0. 

I'he alcoholic solution of santalin precipitates lead-salts, hut not the salts of barium, 
silver, or copper. Santalin dissolves easily in ammonia and in potash, forming violet 
solutions, which precipitate the alkaline earths. 

The barium-salt is a violet crystalline precipitate, which, when dried at 100°, g^ves 
by analysis 63'2 to 53 7 per cent C, 4 6 to 3‘5 H, and 22 9 BaO, the formula 
C“H“Ba"0" requiring 62 7 C, 3 8 H, and 22 4 BaO. 

The lead-salt, C““H^“Pb"0>" Pb"H’0^ gave by analysis 36'3 to 37 per cent 0, 2.8 H, 
aud 44 6 to 44 9 lead-oxide, the formula reqmring 30 2 C, 2 8 H, and 44'6 PbO. 

SAITDABACA. Syn. with Ebamab (i. 386). 

SAIfDARACH. A giim-resiu which exudes from Thuja artioidata, a small 
coniferous tree growing in Barbary. It ocemu in pale-yellow elongated plates, covered 
with a very flue dust, and having n vitreous lustre on the fractured surface. It has a 
faint odour, and crumbles between the teeth without softening According to Johnston 
(J pr. Chom. xvii 167), snudarach is a mixture of •three acid resins. The a-resiu 
forms a white or yellow powder, slightly suluhlo m alcohol, and not easily fusible It 
forms but a small part of the entire resin, and contains 78 04 to 78 46 per cent C, and 
9'80 to 9 91 H, whence Johnston deduces the formula C“il''"0'’ (calc 79'47 C, 
9 93 H, and 10 60 0). The fl-resm, whichforms three-fourths of tlie whole, has a light- 
yellow colour, softens at 100°, and dissolves easily in cold alcohol. Contains 76 08 to 
76 60 C, and 9-71 to 10 04 H, whence (calc 76 47 0, 9 41 H, and 15 12 0). 

The 7-rcsin is a light-yeUow powder, soluble in boiling alcohol, melting with difficulty, 
and decomposmg at the same time. Contains 76 63 to 76-69 C, and 9 36 to 9’47 H. 
whence the formula 

SAKTSEE-WOOS. Syn. with Sandal-wood. 
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SAH'G'triia'AK.IA CAWA»BWSIS. The root of tins plant, belonging to Hir 
papa-veraoeoxis order, contains eanguiuarino or choleryllinne. and, according to 
O-ibb (Ph«m J. Tians [2] i 454), two otheralkaloids, called porpliyroxiiin ,md 
puocine, but the two latter hare been but iiuperfeetly exammcii (U m xvn. 162 ) 
SAKreOXfitAaXHE. Chekrythnnt,Pi/r)hopme. G>»II”NO< (Dana, Annals of 
the Lyconm of New York, ii. 245. — Prubst, Ann Ch Pbarm xxix 120, sxxi 350 
— Poles, N. Br. Arch, XVI 77 — J Schicl, Ann. Ch Phavro xlm 233, Sill Am J‘ 
[2]x 220 — Gin.xvri 166 )—Anatkaluid discovered, assangnin, inn e, b^ Dana, in the 
roots of Sanr/tanaria {.a/iaxlnisu , eechelery thrine,byl?robst,aiulasporphyi'oxiiHi 
by Poles, in thecomnion eeliindino (Chebdunmm majtii,) the identity of tin* alkaloids 
fi'om these two sources was demonstrated by Probat and Scliicl. In ccUndine it is 
found chiefly in the roots and unripe fruit, in Sangyman'i it exists also in the leaves, 
and most proluihly in the seed It is also found in the roots of the yellow -hoi nej 
poppy { Cfhmciumluicum), together with gUucopierino, but not in the gi’ecu parts of thu 
plant, which contain glancine (ii 815, 846) 

Pi epai niion 1. From the roots of Panginnana cavadi — The dried and pow'doird 
root 18 exhausted with etbei, hjdroehlorio acid gas is passed into the iilliati , and the 
impure hydrochlorate o fBaugninarine thereby thrown down, is coUectod and drnd In 
tlio other there remains a brown greasy resin, together with a httle sanguiniinne, 
which 13 recovered by evaporating, oxhunsting tlio residue wnth water containing 
Bulpiiuric acid, and precipitating by ammonia The precipitated hj drochlorato is 
dissolved in water', tho solution is precipitated by unimonia , the pieeipiintc is waslioil, 
dried, and dissolved in ether, and the solution is shaken with animal charcoal till tho 
supcriiutant liqiud appears colourless The precipitate, again thiown down fioni tlio 
filtrate by hydiocblorio acid gas, is decomposed by aqueous ammonia, and uftorwaids 
■washedanddrieil(Probst, Scliiel) Scliiel purifies snnguinariiie extracted by other 
methods, hyprecipitating its ethereal solution with hydrochloric acid mis or sulplinric acid. 

2 From the roots ot Chehdomuin iiiajui — Tli ■ tresli or dried rout is exhausted 
with water containing aulphnric acid, the liquid is precipitated by amraoma, and tho 
precipitate is washed, freed from water as far us possible by pressing, and dissolved, 
while BtiU moist, in alcohol coutumuig sidphuno acid The alcoholic solution, diluted 
with water, is submitted to distillation, aud after the alcohol is drivoii olf, proeipitati'd 
by ammoaia The precipitate is dried between bibulous paper us quickly as possible, 
lit a very gentle heat, powdoved, and treated with ether, which dissolves chicfiy »,ui- 
giunarine On expelling tho ether, there remains a viseid turpentine-like maos, to bo 
treated with as small tv quantity as possible of water containing hydrochloric iicnl, 
which leaves resin midissolved. The solution is ovaporuttd to dryness, and tho rcsi- 
duewnshodwith ether, hydroehlorato of sangumai-mo thonromaimng This is dissolved 
m a little cold wutu’, which leaves most of theliydrochlovateofchelidoniuo umlissulvid , 
the solution is evaporated, and the residue agam tieatod with water so long as hydio- 
ehloriite of cliehdouino coutiimes to sepmate From tho last aqueous solution tlio 
saiiguinanne is thrown down by ammonia, and is puiified hy washing and drying, and 
subsoqnently dibsolniig in ether and evaporating. (Prohst) 

3 From (rlauonim luleum — The dried aud powdered roots of plants of one to two 
years’ gi’owth are exhausted with water containing acetic acid, tlic extract is precipi- 
tated by excess of aminoma , and tho precipitate is washed, dried, and p.xiiiuisted 
with ether, winch leaves nearly pore saugninuniio on evapor.ition Tile product is 
dissolved in tho smallest possible quantity of water .icidiilutcd with liydrochlorie acid , 
tho water and excess of acid aio evaporated, .mil the rcniaining liyduiehloi.ite of 
s.iiiguinarmo is freed from chlorophyll by wmsliiiig with other, nftorwliicli it is dissolved 
in a little water, aud mixed with an equal volume of strong hydrochloric .icid, 
which precipitates it almost completely, tlio supern.it.int liquid retaining only a small 
quantity, precipitahle hy ammonia. The preeipibited b.ilt may be obtuiiicd in tlio orysl al- 
Jinc foini, by clissolvung it in water and evaporating tho solution By dBCuiiipoaition 
witli ammonia it yields sangmuanne, which is cryslulhsod ti'oia ether, with addition of 
water (Piohst) 

PropcHm — Sangiiinarme is obtained from ahaolnfo alcohol, by spontaneous evtipo- 
riilinn, in giwaps of crystalhno notlulos (Probs t), in white, pearly, lino eTiuns(D a n a), 
lU star-shaped groups of tr.inspaveivt noodles, and white nodules (Polox) It is insoluble 
ill water, but soluble in nkohol imirilicr The ethereal solution leaves on cvapuni- 
tion, a turpcntiiio-hko body, which gradiinlly hardens to a shining 'friable m.iss 
(Prohst) The cryst.ils become opaque and brown on diymg (Pol ox) It is taste- 
less (Sebicl), in the month it slowly creates a vciy faint tiisto (Dana), in alcoholic 
solution It h-is a burning sharp taste (Prohst), very bitter (Scbicl) It acts as a 
powerful niircotic poison. The diist axeitos violent sneezing (Prohst) According to 
D.nni and Selnel, it has an alkaline reaction , but according to Prohst aud Polcx, it is 
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■nputral On osposiure to tin, .vir it gradually assumes a yollowish-wlute colour (D a mi), 
and 111 presoncu of small qu.iutiLirs of ueid vapours becomes immediately rod (Polex, 
Scliiol) It softeus at 65° like a rosin (Probst), molts at a somewlialhightempoid- 
ture, and burns completely, giving off ammoiiiiienl vapours (^Polex) It is decomposed 
by nitric acid. Its compusiUou (at 100° — 105°) is shown in tho follotving tiiblo — 

Q,9 Cah^Mmn 

H'' 17 5 20 6 10 6 21 

N 14 4 33 6 23 6 07 

Qi ^ 19 82 19 95 19 38 

C'”NH'W 323 100 00 100 00 100 00 

V! was prepared from Simgmnana, b from CMidonium. 

Sanguinaima unites with ncids, wliieb it colours a fins orange-red, forming neutral 
salts, piirtlycryat.dlisable.liiiMngabinmng sharp taste, iiuarcotieuction, and dissolving, 
for the most part, m water Piora the solutions, saiiguiiiurme is separated by ammonia, 
the tixed alkalis, or magnesia, in tlie torm of a gre>-whilo curdy pi eupitiite (Probst). 
Concentrated acids have but littlo action on saiigmuaiiiie in the cold (,Po lex) Aeftato 
of sanguinanns forms yellowish-wbite prucipitales with tarUiv-einet.ie, feiric tliloiidc, 
nierciii’ous niti'ate, inorciiric chloride, and silver nitrate lodino procipit.ites the solution 
of a crimson, clii'oin.ate of potassnim of a yollow, and clilonde of gold ot u dark-red- 
yollow colour Basic acetate oi lead and tincture of gulls do not juoduce precipitates 
(Polex) 

SAWOTTISOBBA FBBiCOX, A rosacoons plant, formerly used ns a shtpitie. 
100 pts, of the fresh plant contain 710 w.iter, 10 3 mutter soluble m watei, 9 2 soliiblii 
in dilute potash, S 9 eellnlose, and 1'9 ash tree from carbonic acid The asli eoiit.iiiis, 
in 100 pte, lifter deduction of carbonic acid, 13 7 potash, 7 7 soda, 27 0 lime, 3 9 
niuguesia, 0 9 alunuua .ind ferric oxide, S3 9 silica, 4 1 sulplmnc anhydride, 7 0 phos- 
phoric auhydiide, and 1 2 ehlorino. 

SiVI{rl]aXI7, Glassy felspar (ii. 620) 

SASTIBOPHITB. A immii given to trachytic porphyry, on account of tlio 
crystals of sanidiu which are embedded in it. 

SAIfTAIiXC ACID, SANTAXiZItB, SAITTAIiIir, &c. (See Sandaji-WOOI), 

p 187 ) 

SAWTOWIM-, Santoine aetd. — Tins substance was discovered in 1830 

by Kaliler (Brandes Aroliiv xxxiv 318, xxxv 216), and about the s.uno time by 
Alma {^b^d, xxxiv. 319, xxix 190), in wormseed, Semen contia, Simen ttnm, or 
Semen Santunwi, the undeveloped flower-heads of AHmuta VaUuina, and other species 
of the same genus It has been investig.ited chiefly by H Trommadorflf (Ann 
(Jii Pbarm xi 9(1) .and W. Heldt {ibid Ixiii 10 and 40) See also Q-m xn 260 

To prepai'B it, ii mixture of wormseed with a small quantity of dry slaked lime is 
exhausted with hot alcohol, tho alcohol expelled by distillation, and the remaining 
liquid supersaturated with acetic acid Tho precipitate thereby formed is punfled by 
solution in alcohol, and treatmentwith animal ckircoal 

Santonin ciystallisos in fl.atteiind hexagonal prisms, or intorliicod tufts of crystals, 
which are eolumdess at first, but turn yellow on exposure to light Prom an etliei'eal 
Solution It IS deposited in rhombic plates sp gr = 1 247 Santonin has very strong 
JiBvoiotatory ponor, for the transiliou-tint [^o] =-230° at 20° in alcoholic ijolution, 
we.iker after addition of alkalis, but not diminished by acids (Bnignet, J. Phariii. 
I 3] xl 252). It IS iieiitr.il .iceorJmg to Kaliler, acid aeeordiiig to Etlling; inodorous, 
tiisti'S slightly hitler after being kept for some time in the mouth, very bitter in 
aleubolic solution It exerts an uutlielimiitic action, but is soiiietinios fatal to oluldreii 
when given in qiiickly-iopoatcd doses of 1 to 2 giaius or more (Lav.it or, Pliiirm. 
Viertelj. u 110) L.irgrr iloscs of simtoiiiii given to adults produce eolour-bliiijness, 
Listing fur sevonil houi-3 (Wells, J Pharm. 131 xv 111 — Martini, Coinpt. rend 
xlvii 259, 1 615 ) 

Santonin gives by analysis 72 40 to 72 6 por cent e,u-bon, and 7 47 to 7 67 hydrogen, 
tho formula requiring 73 17 C, 7 32 H, and 29 51 0 

Sinituiiin is nearly msolublo in cold, rather more soluble in hot waUi , very 
soluble ill boiling ahuhil, loss in ciher. According to Trominsdorff, 1 pt of s.intoiiin 
lequiies fur solution 43 pts alcohol .it 22 6°, 12 pts at 60°, and 2‘7 pts at 80° , 
of etlier, 5 75 pta at 17°, 42 pts at 40°, of w.itur, 5000 pts at 17 6°, iiud 250 at 
100° Santonin dissolves in 1 3 pts of cklornfoim (Sehlimpert, N. Ur. Arch, 
c 151) , also 11 ] antic acid and vuhitde oih. 

Santonin melts at 136° to a colourkss liquid, which solidifies to a crystalline mass 
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ou cooling, But by pfolonged fusion, it nndorgoos a molecular change, luul hecoines 
amoi'phouB the same character is exhibited by many othercrystalliiie roBiiioiis bodies — 
lielejiin for example. Santonin sublimes without decomposition when ho.ated m email 
quantities , but when larger quantities are heated, a considerable portion decomposes, 
yielding an oil, which solidifies on cooling to a brown rcsinons substance. By prolonged 
exposui’e to light, most qniekly m alcoholic solution, it is converted into photo- 
santonin, (Seatini, iv. 627 ) 

Santonin, suspended in water, and submitted to the action of cUnnne gas, is converted 
into mono-, di-, or tri-chlorosantonm, according to the circumstances of the ox- 
peiimeut (Sestini). It also yields a erystallisable substitution-product ■sniVabromme, 
(Heldt.) 

Santonin dissolves without decomposition in strong sidj>hunc acid, and is precipi- 
tated from the solution by water; the solution turns red after a while, and yield.', a 
resinous Bubstanee According to Kossmann (J Phurm. [3] xxxviii. 81), santonin 
boiled with dilute siilphiiric acid is resolved into glucose, and a re,siiious body which Im 
calls Ban tiretin. According to 0 Schmidt, however (Zeitschr f (Jlii'm. [2] i. 
212), no such decomposition takes place, even when the ebullition is kept up for a coii- 
Biderable time. If the water he not renewed as it evaporates, the acid, as it hccomes 
concentrated, turns the santonin brown, and converts it into a resinous preducl, 
— probably dehydrated santonin — ^which when treated with water and crystal I ised 
from alcohol, yields the santonin m its ongmal state. (Schmidt ) 

Fumtngmtneacid also dissolves santonin, dilute nitric acid converts it, by prolonged 
ehuUitiou, into a bitter iion-crystallisable body, very soluble in water and in .ilcoliol, 
and finally into a crystallisablo acid, also very soluble m water and alcohol, proiialily 
sucoimo acid Hydrocyanic acid is also fornied, together with other volatUo piodiiet- 
Santonin dissolves in ctmsiic fixid alknln, forming definite eompoiiiids It docs not 
appear to combine with ammonia When it is digested with alcohol and motallie. 
oxiues, the liquid assumes a fine crimson colour, which disiippoars after some tune, 

The santonates are decomposed by prolonged ebullition, santonin being set, fine 
The poUsmmn-salt, ohtained like the sodinm-.salt, forms a gummy mass. The s/xhuiii- 
skt, 20'*H”NaO’ UI1*0, or 2(C'*H“0*NaH0) 7H-’0, is ohtaiiied by digesting iiii 
alcoholic solution of santonin with sodic carhoiiatc, till the mixture is decolorised, tlicii 
evaporating to dryness at 30°, exhausting the residue with absolute aleoliol tosnp.u'atii 
the excess of sodie carbonate, and leaving the filtrate to evaporate. It is tlioii de- 
posited in slender interlaced needles, which by orystulhsatioii from a, very siimll 
quantity of water, are converted into targe rliorabio prisma, with the dominant f.iccs 
o=P, »^oo, P» Angle ocP : P = about lil°; t-jc • l?oo (bracli.) = about 102“ 
The crystals lose about 7 per cent, water at 100° (Heldt.) 

The barium-sdlt, 2(J"‘fl"0*.Bii"ffO'‘II-0 (at 100°), is obtunod, by digesting hyilr.ito 
of barium with alcoholic santomn till the red colour disappears, then filtering, cviipo- 
piting to drjness at 87 6°, exhausting with w.itor, and again oiuporating, us a wliite 
crust, slightly gelatinous, and drying up to a light powder. 

The oalamn salt, 20'*H’“O’.Ca''H“O* (at 100°), ohtained in like maimer, crystallises 
in silky needles. 

The Uad-ta!t, 2C'‘H>“0'.Pb''0 (at 120°), is obtained by mixing a boiling alcoholic 
solution of santonin with neutral acetate oflead, filtering, aad exposing tiiei'iuxt are ior 
some time to a temperature of 30° to 40°, avoiding the access of atinosphei'ic ouibomc 
acid The compoundis then deposited m mammellntcd gi-oiips of sm.ill niicruoiis lu'etUcs 
Santoiiatc of potassium forms a pale-blue precipitate uitli cnpcK sidti, chaiinus- 
coloiired with /civic safts, white with ^aeicuroui, sillier, and cine anils, it dui.s nut 
pi'ooipitiite mercuric salts 

Bromosantonln. When, bromine is dropped gv.idually into n cooled uleoinilio 
solutiou of santonin, and the liqmd is left to evaporate, a brown rosin is gradually 
deposited, together with white, tasteless, inodorous crystals of a broniinatod santonin, 
which is very iiiistahle, dissolves with difficulty m water, more easily in boiling alcohol 
and in ether , also in alcohohe potash, fomuiig a eherry-red liquid. (Heldt) 

Chlorosantonlns. (Heldt, Ann. Ch. Pharm bciii 3 1 — Sosti iii. Bull Soc. 
Chim, 1866, 1 202 ) — These compounds are formed by the action of chluriiio or of liypu- 
ohloioiis acid on santonin They are loss altered by light ui proportion as they 
contain more chlorine. 

Monoahlorosanlanm, Gi*H‘’G10’, appears to he produced by the action of 
chloune-water on excess of santonin Sestini, by adduig half a btro of rccoiitlj ]ire- 
pared cliloruie-water to an equal volume of water holding 10 grms of santonin in 
suspension, then shaking the liquid strongly in a closed vessel till tlie odour of the 
chlorine was no longer perceptible, and crystallisiiig the product from .ilcoliol, obtained 
first erystals of santonin, then a confusedly crystalline mass, winch tiirnod yellow on 
exposure to light, but loss qniekly tliiin saiitoiiiii, and coiitaiued 1 1 3 per cent clilormo , 
the foimuJa ol mouoclilorofc'itntonin requires 12*7 per ccut 
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Dichlorosantomn, G'“H‘“CPO“. — 'When santonin suspended m wator is exposed 
lo the action of a slow current of chloiine for 10 or 11 hours, a product is obtained 
which crystallises fi’om alcohol in groups of small lamini®, containing 22 4 per cent cldo- 
nu3 (Sestini). Heldt, by dissolving santonin in warm hydrochloric acid containing 
a li ttie alcohol, and adding small crystals of potaasic chlorate, stirring all the while, and 
keeping the liquid warm, obt, lined a white amorphous mass, which when dissolved in 
hot alcohol, and crystallised by spontaneous evaporation, yielded delicate white shining 
needles, which gave by analysis 21 9 per cent chlonuo (it probably contained a small 
portion of monochlorosnutonm) 

Dichlorosantomn is insolublo in water, hut dissolves easily in alcohol and itlier 
(Heldt) , less easily in alcohol than triehlorosantonip, easily in chloroform (Sestini) 
According to Sestini, it slowly acquires a slight yellow colour, on exposure to light , 
according to Heldt, it is not altered by exposure to diffused daylight, but when exposed 
to sunshine, even in an atmosphere of hydrogen, it turns rusty-red, and aftenvards be- 
comes covered with a blown ernst, hut not so quickly as santonin Alcohol removes the 
brown crust, leaving wliito ci^stids (the effect was perhaps partly due to tho mono- 
chlorosantomn in Heldt, 's pioduct) Dichlorosantomn is inodorous and tasteless in the 
solid state, but very hitter iii alcoholic solution It melts when heated, and solidifies 
again on cooling , but when heated above its melting-point, it decomposes, witli evolution 
ot hydrochloric acid It dissoles in alcoholic potash, forming an ornngo-red liquid 
(Heldt,) 

Triohlorosan tonm, 0”H“CP0’, was obtained by exposing SO grms, of santonin 
suspended m 2^ litres of water to a slow cuiTentof chlorine continued for several hours 
on tour successive days, washing the product with tepid water, diasplviiig it in boiling 
alcohol, and leanng the solution to evaporate. It eiystallises iii transparent moimcliiiio 
prusms, which are not coloured even by prolonged exposure to suushine (analysis 34 1 
per cent chlorine | calc 30 S per cent ) It is insoluble or marly so in water, but dis- 
solves with moderate facility in alooluA, ithcr, and chlorofo) m , from the last-mentioned 
liquid it crystulliscs in long silky needles. It does not lose weight by prolonged ex- 
posure to air dried by oil ot vitriol, or when heated to 100 — 110° hence tho crystals 
a]i])o.ii' to be anhydrous It melts at 213°, assuming a faint brown colour Mcohulfc 
jiijfnih converts it into colourless or slightly coloured oily drops , and boiling aleoholio 
solutions of caustic ulkalis decompose it, converting it into a resinous substance. 
(Sestini) 

SANTORm. An argillaceous mineral, occurring on the island of Santoriii, 
winch yields an oxcoUont cement According to Eisner, it contains 63 6 per cent 
silica, 0 6 ferric oxide, 13 3 alumina, 0 7 manganous oxido, 2 3 Inno, 3 1 potash, 4 7 
soda, with traces of common salt, sodic sulphate, and organic matter. 

SAOStJA. The seed of Mecca ptcia, a pnmulaceous plant, used in Abyssima as 
a remedy fur tapeworm. According to Apoiger (Jahresb 18S7, P 530), it contains 
u waxy substance, a soft resin, a fatty non-drymg oil, an acrid substance, extviiotivo 
matter, gum, pectin, albumin, sugar, an iron-greening tannin, lactic acid, citric acid, 
racemic acid (?), a volatile acid (?), and a volatile oil The seed dried at 100° yielded 
7 7 per cent ash, containing 27'81 par cent K’O, 0 04 Na’O, 8'76 CuO, 7 47 MgO, 
0 98 AHO', 1 69 ]‘’oO, with trace of manganous oxide, 9 00 Cl, 3'73 SO’, 9 93 P’O’, 
6 09 SiO“, 16 17 CO*, and 0 30 B’O’ 

SAPAKT-RSD. Brasilin C**H*«0’ (Bolloy, Zurich Mittheil, 1806, p. 2; 
.T pr Cliem xom 461.)' — The colounng matter of stipan-wood ( CteMi/iMiia fo/«nato or 
C Sapan), appe.u's from Bolloy’s investigationsto be idontieal with Chevieul’a brazilm* 
(i. 605), obtained from brazil-wood ( Ctesii/ptntff ensta, C hasUicnsis, &c ). It was pre- 
pared from a ciystalline deposit, which had collected at the bottom of a cask filled 
with extr.ict of sapan-wood, by dissolving the deposit in absidutc alcohol, and leaving 
the filtrate to crystallise in a vessel -excluded from light and air. It is not 6.isily 
obtained in the pure state from brazil-wood 

Sapan-red, or brazilin, crystallises from absolute alcohol in amber-yellow or brownish 
rhombohedi’ouB, or in short monoclinio prisms containing 66 66 per cent, carbon and 
6 04 hydrogen (calc 66'00 C, 6 04 H, and 28 28 0) , from hydrated alcohol or from 
aldeliycle, in small sfraw-yellow or golden-yellow monoelinie needles, containing 
2C'‘''H“0’.3H’0, turning brown at 90°, and giving off 6'61 per cent, water ; no more 
.it 120° (I at. H-’O = 6 39 per cent ) They gave by analysis 62'78 per cent. C and 
6 48 H (calc. 62 41 C, 6 43 H, and 32 16 0). 

Brazilm is soluble m water, alcohol, and ether. The reddish aqueous solution is 

» The statement! reipecttng brazilin, given (I 656) or. the authority of Frcis»er, are not to bo de- 
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coloured deep oarnuno-red by truces of ammonia, tho fixed iiftalis, or baryta-tvator 
Tbe aleobolio solution, slowly evaporated in contact with air containing iiminoii i.i, 
yields iridescent spiuigleB, which giro off alnmouuiwheii treated with potash, llmziliu 
diasolvea also in aqueous acid sulphite of sodium, and the solution deposits colouilcss 
crystals containing sulphur 

Brazilm differs from hcematoiylin (iii. 4) by containing the elements of phenol iii 
addition 

C“H“0’ = C>“H»0« + 

Biazilln. HKnnatuvrlin. Phenol, 

Accordingly, brazibn treated with nitric acid yields picric acid, whereas haematoxyliii 
thus treated yields nothing Imt oxahe acid. 

SAPKIRE. Syn, with SAUPIttiiB 

BAPOGEWIK. The name given by Bolloy (Ann. Ch Piinrm. xe 211 , xci 1171, 
to the product obtained by boiling saponin with dilute sulphuric or hydroeliloi'ic non) 
Fremy (Ann. Ch Phys. [2] Iviu 102), vIiofir.st obUincd this siibsliuico, design. i toil 
It as inaciilio acid (i 09) See also Saponin (p 191), and Umelm'i IJandh.jo/,, 
XV 63 

SAFOITAKIIH'. A bitter, neutral, crystallmblo substance, occurring, aocnrcluig to 
Osborne (Ann Phil xi 302), in the roots of Suponanu nffioinahs, bcloro fiowcniig 
time, but. not uftcrwaials It dissolves in less than 2 pts. of water, is soluble also in 
alcohol and other, insohihlo in oil of tnrpontine 

SAFOWXFICATSOM. This term was originally applied to the conversion of 
natural fats (gljceridcs) into soaps, by the action of alk.ihs or other iiietiillio lijdi.itcs, 
the change consisting iii the rpiiriaiigemont of the elements of the acting aubstiiiiecs 
in the form of a metallic salt of the fatty acid, and glyconn. It is now, liowovor, used 
111 a wider sense, being extended to the resolution of all otUeis, and neutral snlisti nci'.s 
of analogous composition, into acids and alcohols , sometimes even to tho decomposi tiun 
of glucosides under tho influence of dilute acids (Sbo Eiinsns, G-Luansiiii’.s, 
G-lyoebides, Soap.) 

SAPONIsr, Stmihdn. Cht/iaqin Scneqin- PohjgaUn Polj/gnhe noul — Thus 
substance, first observed by Schratlo (Golden’s N .Tourn, d Chom, viu 618) in lliu 
common soapwort {Siipoitaria officinal ts), md some tune iiftcrwaids by Jiley(Ami 
Cli. Pharm iv 283) and B ussy (lAuf.vli 168) in the oneiilal soapwort {Uppio/i/ii/ii 
StrutMim), appears to bo very widely diffused in tho Tcgijtahlc kingiloin it, lias bwii 
found by 0 Henry and Boutron-Uharland (J. Pharm iv. 210) lu cjndl.y.i-liiirh 
(Quillaja s»!ep»mif(T»iti.v), by Promy (Ann. Oil Pliarra xr 187) in lioiso-cliesfiiuK, 
in which, according to Malapert (J. Pharm [.3] x 339), it exists oliiifiy m the 
ovaries during flowering-Umc, and in tho pericarp of tho fruit, iinniodi.itely after the 
petals have fallen oflf Malapert has also found it in the roots of pinks, in the corn- 
cockle {Jgrostemma Githago), the white e.inipuiu (Lychnis dmea), the scarlet lyolmis 
(i. chakedomca) , also m Lychnis Flos cnculi, StLne injlalu, Silims nuiuns, AnayalUs 
ai liras;*, and A cosndca 

Saponin is said also to ho contained in Anunt mnutana. At >m mat idaium, OapseUa 
Luna Pasfniis, the bark of Gyiniiochdeis canadensis, the root of Po/yjmdiion I'li/r/aic, 
the fruit of Sapindus Paponai la, S. iaiir/folins, and S i-iyidtis, of Pucun/u u/n/^s!niiu, 
and in many plants of the sapiudoeeons and mimosouus orders Tho UTituling o.xtr.ic- 
tive matter in the root of tlie cowslip is, perhaps, uloiitieal with suiionui 

Sinegin, or Pohjgahn, diseoiercd by Gehleii iii the loot of PuL/qtda Peneqa, which 
Was associated with saponin by Bueliolsi and Pfaff, minutely ex.imniud by tliuncime, 
wlio named it ande polygahque, i.s, according to BoUuy, piobably identiciil with 
saponin 

l'> eparation A From the rout of Sripmuiria, or of O'l/psojih/hi G / itlhiuin , — 1 Tim 
chopped loot is exhausted wuth boiling .ilcohol of specific gravity (I 82 1 , tlio filtniLi m 
cooled , and the deposit of snpomii, which Biipiiratcs .ifter 24 hours, is culketed, wiisht'd 
with other and alcohol, and dried at 100° (Rocliledor and Sehwiirz). — 2 Tlio 
co.irsely-poiinded root is freed by ether from resin .mil fat, then boiled \utli alcohol, 
and the flocks which separate on cooling and concentiation arc coUocted (Bloy .uni 
Bussy.) 

Saponin prepared from Gypsnphila is sometimes contaminated with foreign sub- 
stances, It IS purified by dissolving it in the smallest possible quantity of water, and 
adding baryta-w.iter, which precipitates saponm-hnryta, leaviiig tlie foreign siihstimees 
ill solution. The white precipitate is washed with baryta-water, and dissoUed lu 
water, on passing earhoiiie and through the solution, and lin.iliiig it, eiirhoii.ito of 
barium separates out, and aticr ils remoi.il, the saponin m.iy be precipitated by otlier- 
alcobol (lloelduder and He Payi ) 
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B From Qmlhya-hurl — TIiib, according to Lc Beuf, is the best material for prc- 
jjariug sapouiu for techme.il purposes The same process as in A 1 (Le Beuf) , or 
tlje aqueous extract is boiled with alcohol, the hquid is filtered at the boiling Wt, 
and the white flocks, which fall down on cooling and concentration, arc purified hy 
solution m alcohol, with aid of animal charcoal. (Henry and Boutron, Bley ) 

0 Fiom the seeds of the Coin-cocMe {Agrostarmna Qithago) —1 The coarsely pul- 
rerised dry seeds are freed from fixed oil hy repeated exhaustion witli ether, then hy 
once exiiauatmg with cold alcohol of 92° Tralles ; the residue is boiled several times 
with alcohol of 84° Tr. ; the liquid is filtered at the hoilmg heat , and the saponin 
which sepaiates on cooling is collected, an additional quantity hemg obtained by 
mixing the mother-liquor with absolute alcohol. The whole of the saponin thus 
obtained is dissolved m water , the solution is filtered to separate vegetable gelatin, 
thou precipitated with neutral acetate of lead, the precipitate removed, the filtrate 
precipitated with basic acetate of lead , the latter precipitate, after thorough washing, 
decomposed under water by eulphydrie acid, and the limpid filtrate evaporated to 
dryness, or precipitated with absolute alcohol (Scharling) — 2. The aqueous extract 
ot the seed is precipitated with sulphate of copper, sulphydnc acid is passed through 
the filtrate , the liquid again filtered, then digested wifli carbonate of barium , the 
resulting barium-salta precipitated hy alcohol and separated by filtration , and the 
filtiate either strongly concentrated (in which case the saponin is to be precipitated 
by absolute alcohol), or evaporated to drynoss, and the residue boiled with alcohol of 
93° Tr Saponin thus prepared contains a small quantity of baryta (Soharltiig).— 
3. Orawfurd digests the pulverised seeds with warm aqueous alcohol, evaporates the 
liquid to a syrup, mixes il with wood-oluaooal, and dries it completely. The saponin 
IS e.\tracted fi'om the residue by boiling with alcohol. 

D, From Horse-chestnuts . — ^The pulverised seeds are exhausted with cold alcohol, 
and the alcohol is distilled from tho tinctures The yellowish jeUy which ronuuns 
consists, foi tho most part, of saponin, mixed with fat, a hitter erystallisnble substance, 
find yeUow-eolourmg matter, the fat may be removed by exhaustion witli ether 
(Frimy) 

E From 8cncga-root‘ Sonegin, Polygalic acid. — 1 Tho root is exhausted 
with cold water ; the extract ooiieentratod, and filtered from tho separated flocks eon- 
fliiniug senegin and earthy salts , the filtrate precipitated with neutral acetate of lead , 
the liquid again filtered, freed from lead by sulphydrio acid, and evaporated to an 
extract , this extract exhausted with alcohol of 36° , the tincture evaporated j the 
residue freed by ether from yellow-colouring mutter and fat, then dissolved m water j 
the solution precipitated with basic acetate of lead ; and the precipitate washed and 
decomposed by sulphydrio acid. Part of the senegin then remains with the sulphulo 
of lead, while another portion dissolves, so that • — a Tho sulphide of lead is collected 
and boiled with alcohol ; b. The hquid filtered from the sulphido of lead is evaporated 
to dryness, and the residue is boiM with alcohol. The hnt-flltered tmotures cooled 
and left to evaporate, deposit senegin, which may he pmufied, if necessary, hy re-solu- 
tion in aleohol and treatment with animal chareo.il (Quevenne) Senega-root 
exhausted with water stfll yields senegin when boiled with alcohol, the tincture depo- 
siting the senegin when ooolod or concentrated It ia puiified from fat by other, then 
with basic acetate of lead, as above (Quevenne). — 2 Bolloy precipitatea the aqueous 
solution of officinal extract of senega with neutral acetate of lead , coUocts and washes 
the precipitate , decomposes it with sulphydnc acid , evaporates the fUtrato to dryness, 
lioils the residue with alcohol , evaporates the tincture , treats tho residue with ether , 
dissolves the portion not taken up by the ether m water , precipitates the solution with 
basic acetate of lead , decomposes the thorouglily-waslied precipitate under water with 
sulijhjdno acid, evaporates the filtrate, and purifies tho senegin which remains hy 
repeated solution in boiling alcohol and cooling. 

Properties . — Saponin is a white or nearly white, nonerystallme, friable powder, 
having a peculiar aromatic odour (Quevenne), inodorous when dry, but having a 
disagreeable odour when dissolved in water (Scharling) The dust excites violeut 
sneezing It tastes sweetisli at first, then burning and biting, and produces a persis- 
tent scratching sensation in the throat. A diop of the aqueous solution introduced 
into the eye produces violent burning pain, and dilatation of the pupil. Sapomil is 
generally said to be neutral to vegetable colours , but senegin, according to Quevenne, 
13 acid. It acts poisonously on the smaller animals 

The following are analyses of saponin — 
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tndilcder OvcrbPck. Bolley Crawfurii Hoph- Pnyr. 


Carbon 60-0 62 64 46 81 49 10 60 72 62 64 53'17 64'62 63'r.8 

Hydrogen 7 4 7-26 7 61 6 88 7 44 7 37 7 57 7'63 6-23 

Oxygen 42 6 40 20 46-68 44 02 4181 39 99 39 26 37 8 5 40 19 

100 0 100 00 lOO'OO 100 00 100 00 100 00 100 00 100 00 100-00 

From these discordant results, it is impossible to deduce a formula with certainty , 


fur saponin, dried at 100°, requiring 62 97 C, 7 31 H, and 39 72 0 Tlie 

analyses of sene^u agree more nearly mth C“H‘=0’, requiring 51 0, 8 H, and 40 0 ; 
but as neither this Biibstanee nor .Mipouin from other sources has been obtained in a 
perfectly dediiite state, and as their properties and products of decomposition aro 
esaentiaUy the same, it is most probable that boiiegin is identical ivith saponin. 

Sapomn dissolves in waU-r, forming a frothy solution, more easily in rtilnte than in 
strong alcohol, and is insoluble m .absolute alcohol, in ether, and iii volatile oils , the 
alcoholic solution does not froth. It is not altered by cold diUUc aettla, and docs not 
unite with them It dissolves slightly m cold ammonia and potash, more easily in tho 
same bqmds -when •warm. A solution of saponin in 4 pts of water forms -with hmi/ta- 
water a white precipitate, soluble in excess ot saponin or of barytii-water (Biissy), 
inBoltiblo or neiirly so in baryta-water, but easily soluble in pure water (lioi-lilncler 
and Schwarz) With neutral acetate of lead, saponin forms a gelatinous precipitate, 
and on boiling the filtrate, a further precipitate of pulverulent clmractor is obtained, 
which swells up dining washing It hlcewise precipitites basic acetate of lead 

Decompositions — 1 Saponin submitted to dry distillation swells up, blackens, and 
yields a large qinintity of acid empyi-eumatie oil — 2. Boiling nitric aoicl iitt.ieks it, 
forming a yellow resin, miioie acid, and oxalic acid 

Saponin is decomposed by dilute mineral aoids, slowly in the cold, more quickly 
when heated, into a carbohydrate and a white precipilate, called sapogeniii by Bollcy, 
tescuho acid by Frdmy, and regarded by Eocnlcdor and Schwarz us identical with 
quinovin (p. 32) The composition of this substance has not boon preoisely nscer- 
tamed, ns its analyses give results vaiying from 56 9 to 63-2 per cent, eiu-boii, anil 8 6 
to 8 9 hydrogen, and acDordiiigly various equations have been pioposod to explain its 
formation from sapomn. According to Roelileder and .Schwarz, thu rcuctiou is — 
2C‘’H“0’ =. 

Sapomn Qumoiln. Carbolij Urate, 

according to Overbeelc — 

Saponin. Saporetin. Carbohydrate. 

according to BoUey - — 

2C‘«H2*0"> -4 6^0 = + 4C"H">0*. 

Saponin Sapogenln CarbohyUrato 

According to Eoehleder and v. Payr (Wien Akad Bor. xlv 7), .saponin, when 
decomposed by acids, is capable of yielding various products of decomposition, 
according as, of the 6 at oarboliydrato which it may be supposed to contain, two, more 
than two, or the whole oro separated. The products resulting fi-om partial separation 
-are obtained by the action of aqueous acids, but complete decomposition is produced 
only by the action of alcoholic hydioelilorio acid (Eoehleder and v Payr) Ac- 
cording to tins, only the erystiUa described under d are the true sapogeniii, 

obtained from sapomn, by elimination of 2 at carbuliydr.il o 

(C U ) 1 .S perhaps Fr6my’s tesciilic acid (i 69), as it agrees m amount of carbon 
With tho foi-miUa (calc. 67 26 per cent C and 7 62 H) (EooUledor) 

b .Siiponin purified with baryta-w.iter yields, when heated ivitli uqiieoiis hydrochloric 
aeid, .53 1 per cent sugar, .ind gelatinous flocks, which, when dried nt 10U°, contain, 
oil 6u per cent (J and 8 64 H, agreeing neai-ly with the formula 

^ and 8 09 H). In this ease tho decomposition takes place 
cniofly in the manner shown by the equation . 

+ 211*0 == + 40“B;'*0= 

(calc. 49-62 per cent. C>*H'*0'*) 

aqueous hydroclilorlc acid, 62 66 per cent, sug.ar and a 
jelly, O J± O , are obtained (calc 67 66 per cent G and. 8 GX H) 
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+ 3H-0 = C^W’O" + 6U“H‘“0“ 

(eale. 59 8 per cent 

d. When the flocks which aepariito on boiling saponin with agnoous hydrochloric 
acid, are dissolved in anhydrous alcohol, and hydrochloric acid gas is passed for several 
hours through the boiling solution, white crystals, are deposited, produced 

by complete resolution of the saponin (Roehlederand v. Payr) 

0.,Hio.OS9 + 4H=0 = C=»H«0* + 6C«H‘^0» 

These crystals, after recrystalhsation from alcohol and drying at 100°, contain, on 
the average, 75‘78 per cent. C, 9 70 H, and 14 46 0 (calc for 76 02 per cent 

C, 9 50 H, and 11 18 0) They are insoluble in water, dissolve sparingly in cold, 
easily in hot alcohol, and are nearly insoluble in aqueous potash. Prom the easily - 
produced solution in aleoliolic put.ish, aqueous potash throws down almost the whole 
of tho compound of sapngenin and potash, which gives up its potash during washing. 
(Rochlederaiulv Payr) 

The carbohydrate produced together with siipogenm, is msoluble in alcohol at tho 
moment of separation, and is converted into dextroglucose only by the prolonged 
action of hot acids (Roohl eder and v. Payr.) 

When saponin from horse chestnuts is treated with potaeh-ln/, a compound of potash 
with a yellow-colouring matter contained in the saponin is first formed , afterwards 
sapogoniii-potash (lesoSate of potassium), from the solution of which tho sapogenin is 
thrown down by acids (Fr5my). Saponin from soapwort treated in hke manner does 
not yield sapogeiiiu (Fr5my) Aqueous saponin boilod with potash-ley, then mixed 
with hyditiohloi lo acid, yields a white, tolerably abundant, iion-golatinous precipitate of 
sapogeiiiu (fliievoiiue) Haponni mixed with potash-ley and evaporated turns brown, 
and tlie residue foi'ins, with water, a brown solution, from which acids do not precipitate 
Frimy’s msoulio acid (Roehlederand Sehwara) By the action of potash upon sapo- 
nin, a finely-crystallised acid and an amorphous subst.ince are obtained, tho latter being 
lesolved by hydrouhlorie acid into two products. (Eoehlodor and v. Payr, Wien, 
Akad. Ber xxiv 42 ) 

Saponin boded with an allcaliuo solution of rtijirm o.r-ide, throws down a small quan • 
tity of cuprous oxide (B olloy) According to Sch.u'lmg, it forms, with cupric sulphate 
and potash, a blue-green precipitate, without reducing the cupric oxide 

SAPOiriTE, Syn, with Soapstode 

SAPOBETlir. The substance produced, according to Overbeek 

together with sugar, by boiling saponin inth dilute acids (p 104). 

SAPPA.HE, SAPPARITB. Syn with Kyamitb (ill. 449) 

SAPPHIRE. See CoiiUTOUM (ii 86). Deville and Caron have produced sap- 
phires artificially, by exposing a fluoride of aluminium mixed with a little fluoride of 
chromium to a white lient, in a crucible made of alumina and enclosing a small pl.iti- 
num dish containing boric aiihjdrido. (Compt rend xlvi 764 , Jaliresb, 1858, p 2 ) 

SAPPHIRB>QVABTZ. Quartz from Coiling, ui tho Salzburg territory m 
Upper Austria, colouied blue by admixed erocidohte. 

SAPPHIRIH. A hard blue mineral occurring, with mica and anthophyllite, at 
Fiskenaes, m Greenland Its structure is gi'annlar massive, hardness «■ 7 8 , spocitle 
gravity = 8 42 — 3 48 , lustre vitreous. It is translucent, and exhibits coloius by 
polarised light , probably trimetnc. — Analyses' «. by Stromeyer (Gilb. Ann bciii 
374), b by D amour (Bull Geolog. de Fr [2], vi. 316) •— 

SIO’ AI’OS MgO. FeO Mao C«0 Losaby 

ignition 

14'61 6,8 10 18 85 3 02 0 63 0 38 0 49 = 9978 

14-86 6.8-26 19 28 1 99 = 99-38 

These results agree approximately with the formula (2AFO“ 3SiO“) 6(MgO A1‘0’). 

BAPROCHRoniE. Saprocyanoffen, Saprocyamn (ieom o-torpdr putrid, colour, 
niavos blue) A blue or red colouring mnttoi, produced by the putrefaction of certain 
Osadlatoria. (Nees v. Esenbeck, Ann. Ch Phaim xvii 76, Handw. vu. 244.) 

SAPlTCAIA. Lecythis umiyera . — A Brazilian tree of the myrtaceous order, 
producing a bottle-shaped fruit. Thojiiiee (sapuraia-mne), which flows from incisions 
in old trees, contains m 1000 pts 91-2 pts free acetic acid, 27 4 uucrystallisable sugar, 
3-9 iron-blueiug tannin, 40 0 gum and extractive matter, with traces of gallic acid, 9 9 
potassic and calcic acetates The shell of tho fruit contains a tannin (lecythitaiinm 
acid), which appears to be related to quereitannie acid, and m the older fruits is con- 
verted into a brown sulistaiiee (saptnaia brown), soluble in hot water and in alf-ohol. 
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The fatty oil of sapucaiaruuts, amounting to about 39 per cant,, is 
resembles oil of almonds (Pockolt, J Phann [4] i. 319.) 


IS a remedy agamst smallpox) contain, besides the usual plant-constituents, a volatile 
acid (acrylic acid) and 0'18 per cent of a base (not yet examined) ulueli smells like 
conino, aud is yolatile at ordinary temperatures (Bjorklund and Dragendorff, 
Kuss Zeitaohr Pharm ii. 317, 344, 369.) 

SABCIIirB. C’H*N<0 (Strecker, Ann. Ch. Pharm, cii 294; cvm 129.)— 
A weak organic base, existing in the juice of muscular flesh It is isomerio with Sche- 
rer’s hypoxanthine, and Scherer is of opinion that the two are identical. According to 
Strecker, however, earemo is distinguished from hypoxonthiiie by its cryst.illiiio oh.i- 
racter, its greater solubility in water and in cold hydrochloric acid, and by not being 
decomposed when dissolved in nitnc acid. Probably hypoxanthine is impui'e surciiio, 
or a mixture of that substance with xanthine (g v ). 

Sareiue is found in the mother-liquor of the preparation of creatine It has liitlierto 
been obtained only from the flesh of oxen and Iiorses , 100,000 pts of hoof yield 22 [its 
of sarcine Human urme sometimes coiitoius a body which is perhaps sarcino, and 
perhaps also guauine, C“H“N®0 ( =. sureme + NH), 

P) eparadoM.'-Sarcine is separated from the hot dilute mother-liquors obtained in tlin 
preparation oforeatino, by precipitation with cupnc acetiite (or better with ailvev-niU'Utel 
The precipitate, which coatams a compound of sareme with the metallic oxide or salt, 
together with foreign bubstaneea, is washed on a filter with boiling water and di'Coin- 
posed by snlpbydvie acid , the filtrate is evaporated, and the coloured savcnio whuh 
separates is purified by solution in hot water, with addition of hydrate of lend, precipi- 
tation of the filtiiite with sulphyifric acid, and evaporation. 

Proptntim — Sarcine separates from aqueous solution as a wlnto indistinctly crys- 
talline powder, which does not molt nt 100^, but decomposes at liiglior temiieratiiros, 
giving off hydrocyanic acid niid a white sublimate (eyanurio aoid?) It dissolios in 
300 pts, of cold and 78 pts. of boiling water, and in 900 pts of bulling alcuhol Tim 
solutions do not redden litmus. In hydroclilorio <ioid, potash, atnmoniii, and liiiryt.i- 
watBA it dissolves more easily than in water. Strong .sulphuric iieid and mtno iicid 
also dissolve it easily, without colouung or evolution of taa , but when evajioi.ited willi 
excess of mtno acid, and somewhnt strongly heated, it yields a yellow residue, uhuli m 
turned red hy potash this reaction is bkewise exhibited by liynoxiinthmo. guaiune, 
and xanthine. 

_ Sareme forms definite compounds, both with acids and with metallic bases A solu- 
tion of siireine an boiling hydrochloric acid yields colourless, imcreous, tabnliir crystals 
of the Mfock/orafr, C‘H<N‘O.HC1.H-0 —The oWorqp;<!ti«ab-,2(C‘n<N*0.nOl)l>t01‘, 
is a yellow orystalhne precipitate — The mtratc forms transparent crystals, rosembluig 
soetato of sodium, which become opaque on exposure to the air, and are turned milk- 
white and decomposed hy water. The 6ulp/tutc is precipitated by alcohol from a solu- 
tion ot sarcine in strong sulpburm acid, in needle-shaped cmtals, likewise decompoii- 
hle by water.— iJrniic cf Sarcine, C'H'N^O C'H-'N'O^ is precipitated by urate of poius- 
rliwiKSx™ solution ol the hydroehlorato It is distingnialied from ximtliinc, 
0 n JM U-, with which it is polymene, by the behaviour of Us nitric acid solution with 
nitrate of silver, forming therewith a copious white precipitate, whiuh dissolves but 
slowly at the boiling heat, whereas the solution of xantlime in nitric iieid is not prceini- 
tiited by nitrate of silver. 

. A solution of sarcmein boiling banjta-waier mixed with a cold- saturated solution of 
baryta, deposits the compound, C“H WO.Ba-H'Oii, m colourless crystals From solu- 
tion in caustic potod, sarcino is for the most part precipitated by carbonic acid Tim 
compoiindsof sarcine with sinc-oiule, cuprw oxide, naH mercunc oxide, aro floeciileiit 
precipitates, insoluhlo m water With o/ sdwr, sarcine forms a white floeculent 
precipitate, insoluble mcold nitric acid, and erystallismg from hot nitric acid in scilos 
Wing the composition (?ffNiO.AgNO» An .imraom.-roal solution of iiitmto or chlo- 
“ gelalmous precipitate Consisting of 
C H K 0,aig*0, which contracts btrongly m drying, aud w insoluble in ammonia. These 
saOTM purification and quantitative estimation of 
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gum, and aarcoeolhu, a body regombling glycyrrhizin, winch maybe separated 
by extracting the ream with ether and treating the residue with alcohol, which 
dissolros the sarcoeollm and leaves the 

Sarcocollin remains, on evaporating the alcoholic solution, as a browmsli, semitrans- 
parent, umorphoua mass, which has a sweetish and afterwards bitter taste, softens 
without melting when heated, and flnaUy burns away, almost without residue, emitting 
an odour of biu'nt sugar. It dissolves m 40 pts. of cold and 25 pts of boiling water 
Its solution, saturated when hot, deposits a syrupy liquid no longer soluble in water (a 
propeity which seems to indicate that sarcocollin is a mixture) Alcohol dissolves it 
in almost all proportions, formmg a solution which is clouded but not precipitated by 
water. Saioocollm ooutiiins, aceordmg to Pelletier (Ann. Oh Pharm vi. 32), 67 13 
per cent carbon, 8 34 hydrogen, and 34 31 oxygen According to Johnston, it is 
a mixture of several resins, which may he separated by bases Acetate of lead throws 
down from the alooholio solution, a lead-salt contaming the compound , and 

the filtrate yields with ammonia a further precipitate, which has not been an.ilysed. 

SARCOCOI.l.IN'. See the last article. 

SARCOZiITE, A mmoral from Vesuvius, occurring in small flesh-coloured or 
reddish- white quadratic crystals, exhibiting the combination P JP 3P. ooP. Poo. 
coP® . mP. 3P3 P3, the last occurring hemihedrally, as a pyramid of the third order. 
Angle oP P = 128°46', oP Pm =138'’27' (Rammolsberg, Pogg Ann cix 670). 
Tlie crystals arc ti'anslucont, and have a vitreous lustre Hardness = 8'6 to 6 0. 
Speoiflo gravity = 2 646 (Scacchi), 2 082 (Bammolsberg). Melts before the 
blowpipe to a while enamel, and is decomposed by acids, with separation of gelatinous 
silica 

Andym- a bySoaoohi (Mem min. e geol., Napoli, 1841 — 1843).— i. by Eam- 
melsberg Qoo, cit): 

SlOa A1203 CaO NaiQ K'O 

0. 42ai 24 60 82 43 2 93 = 101-97 

b. 40 61 21 64 32 36 8'30 1-20 = 98 91 

Eammolsberg’s analysis maybe represented by the formula 3[2(Ca"0 ,Na*0 ;K’0).Si0’], 
(2APO*.SiO'') or 3(Ca", Na*; K“)®SiOtAlWO‘'‘, included under the general for- 
mula of garnet, SM'SiO* Xl^SPO'*. For 6 at SiO*, 2 at. APO”, 6-4 at Ca"0, .and 0-6 
at Na“0, the formula i-equires 40-41 per cent aihea, 22-46 alumina, 33 06 lime, and 
4 09 soda 

The name sareolite was also apphed by Vauquelin to gmelmite. 


SARCOSIITB. G’niNO’ = Methyl-glyeodne, C’H<(OH»)NO» = (C’E^O/'IS. 

CH« 

(Liebig, Ann. Ch. Pharm. Ixii. 810. — Dessaignes, Compt rend xli. 1268. — 
Volhard, Ann. Ch. PJiarm. cxxiii 261 ) — k weak organic base, motamerie with 
alanine, lactamio acid, and urethane or ethylio earbamato. It is produced : 1. Together 
with urea (carbamide), by the action of baryta on creatine : 


CaiiNno* = C'H’NO* + CHWO. 


The urea may be detected in the liquid during the progress of the reaction, but is 
almost immediately resolved into carbonic acid and ammonia (Liebig). — 2 By the 
action of methylamine on monochloraeetic acid, just as glycocme is formed by treating 
that acid with ammonia (Volhard) - 

0''H»C10'< -I- CffN = HCl + CPH’NO’'. 

Freparation, — 1. Ten parts of haryta-ciystals (free from potash, soda, hme, chlorine, 
and nitric acid, which substances are ddfieult to separate from sarcosine) are added to 
a boding saturated solution of 1 pt of creatine in water, the mixture being kept boiling 
and the water and baryta renewed, as long as ammonia eontinnes to escape, and a 
piecipitate of barytie carbonate to form, the liquid is filtered from this precipitate,; 
the caustic baryta precipitated by a stream of carbonic acid gas, and the filtrate eva- 
porated to a syrup this syrup, when set aside, solidifies to a heap of transparent and 
colourless crystalline lainime To purify the product, the mass is dissolved in excess 
of dilute sulpliuric acid , the solution evaporated to a syrup over the water-bath , the 
syrup mixed with alcohol by stirring the two together with a glass rod,tillthe mixture 
is converted into a white cyrstiUline powder of sulphate of sarcosine; the pow'der is 
washed with cold alcohol (which dissolves out a substance resembling urethane), 
dissolved in water, and heated with carbonate of barium tdl the liquid becomes noufral, 
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and the filtrate is evaporated over the water-bath to a symp, which orystalliaes in 24 
to 36 hours 

2. Ethyhc chloracetate is boated in a sealed tube to 120° — 130°, with excess of con- 
centrated aqueous metbylamme, whereby the chloracetic acid is completely decomposed, 
and hjdrochlorate of methylaTnivie is produced, together with surcosino The liquid is 
then boiled with baryta-water tiU the whole of the methylauuiio is distilled olii and 
the remaimiig solution la freed from baryta by sulphuric acid, and evaporated to a 
syrup Hydrocblorate of sarcosine tlion sepaiates in a crystalhne mass, which must 
be pressed between paper and dissolved in boiling alcohol, whence it separates in 
shining needles Ou decomposing this salt with carbonateof silver, treating the filtrate 
with animal charcoal, and evaporating, sareosme separates m crystals after a 
few days 

Properties — SarcoMne forms tnmetric crystals, coP. Poo , with the faces P and oP, 
less frequent and but slightly developed. Angle ooP • coP = 77° (Kopp). They 
are rather large, eolourleaa, and perfectly transparent, very soluble m water, slightly 
soluble in alcohol, insolnble in ether They preserve their appeiirance unaltered at 
100°, but melt at a higher temperature and volatilise without residue. 

Sareosme heated with soda-lime gives off methylamme The aqueous solution of 
the sulphate is decomposed by peroxide of lead, with brisk effervescence, yielding an 
alkaline solution, which contains mothylnmmc (Dossaignos ) 

The aqueous solution of sarcosino is neutral to vegetable colours, and has an acrid, 
sweetish,* slightly metalhc taste. It does not precipiluto a solution of silvor-mtrate or 
meronno chloride, but a crystal of sai cosine introduced into a cold saturated solution 
of mci auric oJihnde dissolves reiidily, and soon forms numerous dclieato noodles of a 
double salt, which ultimately coineits the hqiud into a solid mass A solution of 
citpiio aedate is coloured dark-hlne by sareosme in the same manner as by ammonia, 
and the liquid yields by evapoiation thin laminsB of a double salt having tlio same 

BydrochloraU of Samsins.— Sarcosine evaporated with hydrochlono acid yields a 
white mass, which crystallises from alcohol m sm.all transparent needles The sohitinn 
mixed with excess of pliitimc chloride, yields, by spontaneous evupovation, huge, lioiioy- 
yellow, octahedral segments ofupiailiiiwm-.'.a/f, which, when freed from excess of platiiiiu 
chloride by washing with ether and olcohol, contains 2((J''H’NO'IICl) PtCl'.2lPO 
it gives off Its water at 100°. 

The sudpliatp, 2C“H'NO* H-'SO*, prepared as above (p 198), dissolves in 10 to 12 pts 
of boiling alcohol, and sep.irat6s on cooling in tninsparont, colourless, highly hisl I'ous, 
four-sided platos, resembhng chlorate of potassium. It gives off its water (6 8 por 
cent.) at 100°, dissolves readily in water, forming an aeicl solution, voiy slightly in 
cold alcohol Prom the aqueous solution it erystaUises in large plumose lamiiim. 
(Liebig) 

SARH. a deep brownish variety of chalcedony, of a blood-red colour by trans- 
uutted light. 

SARBACHATStS. The ancient name of a vanety of agate, containing layers of 
sand or eornehan 

SASBOirvx. Onyx consisting of layers of sand and white ebiilcedony 

SARSAI’AS.IIiBA-JlOOT. The root of tbo i3outb American Smtliuc Sana- 
paiilla, Sm. byphilitica, or 8m oficmalia, and probably of other species of the s.iiiio 
genus It contains, besides giim,starch, &c , a peculiar siibstaueo, variously dcsigiiated 
.13 parallin, pariglin, parallic acid, salsapuriu, sarsaparilhuT and 


Tins substance, fii-st extracted fium sarsaparilla by Pu 1 ] o t ,i 
(Sehw J xhv. 147), and further studied byPoggiiile (Ann Ch I'lmriii xiii St) 
Thubeuf XIV. 76), and Peterson (liid xv 74; xvii 166), is deposited in iho 
oryslallme form from the concentrated aleoliolic extiact of tlio root, provioiisly 
deeolonsed by .inimal cbiireoal. and may be purified by recrysbilliRiitinn It founs 
colourless luodoious needles, very soluble in water and alcohol iit the boiling heat, less 
soluble at ordiimry temperatures, soluble also in ether and volatilcoils, slighlly suiiihlo 
m fixed oils The solutions froth when agitated The erystols contain 8 66 per cent 
water, winch they give off at 100°. The dried substance gives by analysis from 62 1 
to 63 0 per cent carbon, and 8 4 to 9 8 hydiogen Sarsaparillin is decomposed by iiitnc 
acid. Strong sulphuiie acid dissolves it with deep red colour, elmiigiiig to violet and 
^timately to yellow. Water precipitates it uiiultered, (See Pamolin. Iland'w. d. 
C/iem. VI 94 ) 


SASSAFBAS-OXIi. 


A volatile oil obt .lined from the baik and wood of the i\ 



aud a crystollmo mass fo™ed, consiatingof G'"H*Br-0* The action of chlorine is less 
definite Accoitling to Faltin (Ann Ch Pharm bcxxvii. 376), it eliminates a laa-ge 
quantity of hydrocliloric acid, and forms a viscous mass, which, when neutralised with 
milk ot lime, yields a small quantity of common camphor (perhaps formed from the 
liquid which, together with the crystalhne compound above mentioned, constitutes oil 
of sabsafi'as) 

PentacMonde of phosphorus attaclcs oil of sassafras strongly, and the product 
distiUed in an od-bath yields at 238° an oily liquid, holding in solution phosphoric 
oxychloride, from which it may be freed by washing. When purified by rectification 
over massicot in a om'rent of carbonic anhydnde, it contains O'^HCPO*. (St. Evre, 
Ann Ch Phys [3] xii. 107 ) 

Oil of sassafras is inflamed by fuming nitno acid, with acid of ordinary strength it 
forms a yellow resin , with dilute nitno acid it yields oxahe acid 

Sulphuric anhydride, or strong sulphuno and, attacks the oil violently, often sotting 
it on Are. The product is a red resin, often accompanied by deposited carbon 
(see SASsaiiUBMN) , on diluting with water, and saturating with carbonate of barium, 
a resinous salt is obtained flue oil subjected to the pirolonged action of a current of 
sulphuious anhydride, turns yellow, and becomes hot, the colour afterwards changing 
to green, and finally to orange-yellow Sulphur is then deposited, and the hquid, 
when loft at rest, separates into two layers, tho upper consisting of imdcooniposed 
snssafras-oil, and tho lower of a now oil distilling at 235°, and consisting, according to 
St Evre, of C>"n'«0^ 

Wlien oil of s.iss.ifr.is la passed through a red-hot tube, or over potash-lime, naph- 
thalene IB produced, together wnth phenol Aceoiding to St. Evro, it may be distilled 
without nltciiition over phosphoric anhydride, chloride of zine, potassium, or a mixture 
of sidphurie acid and dichromato of potiissnun 

SASSAFRAS-BOOT. The I'oot-bark of Lauras Sassefras, a North-Ameriean 
tree, contains, according to Eeinsch (Eepert Pharm. xxxix. 180), in 100 pta ,6'6 pts. 
of substances extractable by other (light and heavy essential oil, camphoroidal and 
tallow-hke substuneo, balsamic resin and wax), 16 0 pts by strong uleohol (consisting 
of 9 2 sassafrid and 6 8 tannic acid), 6 8 pts by weaker alcohol (gum, sassafrid, and 
tannic acid), 3'6 by cold water, 5 4 by boding water, 28 9 by potash-ley, and 33 7 pts 
vegetable fibre. The wood of the root contains similar constituents, but in much 
sniallor quantity 

SASBAFRIR. A constituent of tho root-bark of Lauras Sassafras, which may 
be extracted by alcohol, after tlio bark has been freed by ether from volatile oil, 
wax, &c The sassafrid is separated from tho alcoholic solution hy w.itor, and when 
rocrystallised from alcohol, foms yellow-brown eiystaUine giaius, which easily make 
marks like chalk, and have neither taste nor smell When healed m tho air it 
swells up, emitting a pungent odour , by distillation it gives off white vapours, con- 
densing to a white powder, which formn a blue-green precipitate with ferric salts. Cold 
water has but little action on sassafrid , hot water forms a red-brown solution, which 
becomes turbid on coolmg In ether sassafrid dissolves slowly, with wino-yellow 
colour , nitric ncid converts it into oxalic acid and an oily body The coneoutrated 
solution of sa.ss.ifnd is precipitated by lime-water, baryta-water, and various metallic 
salts, dilute sulphuric and nitric acids render its colour lighter, tincture of galls and 
feiTocyanide of potassium have no effect upon it. 

SASSAFRIIf, See Sassahubkin. 

SASSA-Gtnn. Pseudo-traqaeanth A gum obtained from Jriga Sassa, an 
Abj bbiniau plant It swells up m water, like gum-tragacanth, but does not form so 
thick a mucilage It is also mixed with a much greater proportion of starch-granules, 
so that it IS coloured dark-blue by iodine 

SASSAFARIXiXiA. Syn with Sahsapabujia. 

SASSARUBRIir. A resin produced, according to Hare (SiU. Am. J. xxxiii. 
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•J,8u), by tlia action of siilplnmc acid on sassafiias-oil When equal rulmiiea of aleoliol, 
sulphuric acid, and auBsafras-oil are heated together, a red tumefied mass is formed, 
consisting of a compound of aassaruhrin and sulphurie acid , and on treating tins rosm 
■with ammonia, and washing, sassonibnn remains as a tasteless mass, which is soluble 
iu alcohol and m ether, and colours sulphuric acid red, eren in small quantit-y. 
Precisely similar actions are exhibited by the oils of elo\e8 and cinnamon. 

When the oily mixture of sulphnnc acid, alcohol, and sassafras-oil is heated, there 
is eyolved at first a yeEowish liquid, designated by Hare as sassafrin, which, when 
freed from sulphurous acid by ammonia, and from admixed ether by heat, is neutral, 
and has au odour different from that of sassafras-od. 

SASSOXiXK, or SASS03.XTB. Native boric acid, BH"0®, occiwring more or 
leas pure in irregular six-sided laminie belongmg to the trielmic system, or as a crust, 
or in stakctitic forms composed of small scales. It is white, or yellowish (when 
tmged by sulphur), has a nacreous lustre, a specific gravity of 1 18, and is e.isily 
friable It occurs, as a deposit from hot springs or ponds, m the lagiines of Tuscany, 
abundantly also in the crater of Vulcano, imo of the Lipari Isles, forming a layer ou 
the sulphur , it was first found near Sasso, whence its name 

SA'XEB.SBBRaXTXl. This name has been given to native arsenide of non, 
FeAs'i from. Possum in Norway. 

SAartr&ATIOIir. A bquid is said to be saturated -with a solid or a gas when it 
has taken up the maximum quantity of that solid or gas which it is capable of dissolving 
undor the existing circumstances The quantity of a salt, or other solid, which a gn en 
liquid 15 capable of dissolving, depends upon its temperatnro, and, for tho must 
parti, increases 'with tlie temperature, so that a solution saturated at a given tem- 
peratrae is no longer saturated at a higher temperature, and, ou tho other hand, 
deposits a portion of the dissolved solid w'hen tho temperature falls 

Tho quantity of a gas which a liquid can dissolve depends upon both temperature and 
pressure, luereasrag for the most part directly with the pressure, and diiiiiuishiiig us 
the temperature rises, so that a solution saturated at a given pressure and toniperiiture 
gives off a portion of the gas -when the pressure is diminished, or tho temperature nses. 
(See Gases, Absobption op, ii 790 ) 

Witli reference to the composition of salts, the word saturation is equivalent to 
neuteahsation, nn acid being said to be saturated -with a base, when it unites with tho 
quantity of that base required to form a neutral or normal salt, 

SATTJRATXOTT, CAPACZX'ST OP. A term employed by Berzelius to deuoto tho 
quantity of oxygen which must be contained in a base in order to form .i iieutinl salt 
with 100 pis. by weight of an anhydrous oxygen-acid or anhydride. Thus, as in tlio 
neutral sulphates, the oxygen of the anhydrous acid is to that of the base as 3 • 1, in 
tho neutral nitrates as 6 • 1, in tho neutral carbonates as 2 1, in tho acetates as 

3 1, &c , and as, moreover, 100 pts of sulphuric anhydride contain 60 pts. oxygen, 

100 pts nitric anhydride 74 07 oxygon, 100 pts earhonio anhydride 72 72 oxygen, 
100 pts. acetic anhydride 47'06 oxygen, dse , it follows tliat the satui'atmg capacity of 
sulphuric amd is ^ = 20, of nitric acid -^4— 81, of carhomo acid = 
3 47.06 « 3 

36’38; of aceUcacid -3—“ 15 69. 

SATPSirU'S. By this name the alchemists originally distinguished lead and 
Its compounds, Acetim Saturm, Sctcehanim, Saturm, Oinis Batumi, &e., prohiibly 
because lead easily ftises with other metals, and devours them, as it wore, as Saturn is 
said to have devoured his children. 

SAVAXiPITE. Syn. with Zoisete 

SATTIiDAItXItlAH, or Dhara Samtmr, is the name of a ream collected m the 
northern parts of Hmdostan from tho saul-tree, Shorea rotmsta 

SAITSStTISZTE. Lemantite Fdsite Jadetenace. Fddspath tcnace. Alhitecom- 
paett BiUerUem. — A mineral allied to labradonte, occurring m crystallo-grainihir or 
compact masses, sometimes with labradonte, somebmes m place of it, as a coiistitusiit 
of euphotide, hypersthemto, diabase, gabbro, and other similar rooks It exhibits 
mdiatinct cleavage in two directions, paraUol to the faces of a rhombic prism of 'i 1° 
neai'ly H.irdiiess = 6 5 to 6 0 Specific gi-avity = 3 2 to 3-4. Colour grey, greenish, 
reddisli, or bluish. Dull, or with a faint lustre Subtraualuceut. Bract , too splintery 
to uuevnn. Extremely tough Before the blowpipe it melts with great difficulty to a 
greouisli-grcy glass It is not acted upon by acids 
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Analyses —a From the Lalco of Geneva (M de Sanssnre, Journ des Mines, xix. 

205) b From the same (Klaprotli, Beiirage, iv. 271 ) — a From Mont Genevre. 

giTomsh-ivhite , specific gravity = 2 65 (Boulanger, Ann. Min [3] vui 160). — 
d From the Orezza viiiley, Corsica easily fusible before the blotniipe (Boulanger). 
c From Switzerland' bluish-iyhite ; apeeiflo gravity = 3 366 (Ilnnt, Sill Am J. 
\2\ xxvii 336).—/ From the eiiphotide of the Lake of Geneva . finely granulo-crys- 
tallme, greyish to bluish- white , specific gravity = 3 227 (Fikenscher, Jahresb. 
1863, p 811): 

S102 A1203 Fe203 Mn^O’ CnO MgO Na^O K^O Ignition 

a 44'00 30 00 12 00 0 05 4 00 . . 6 00 0 26 . . = 96'80 

b. 49 00 24 00 6 60 . 10 60 3'76 6 60 . . . . = 99-26 

0. 44 6 30 4 . . . . 15 6 2'6 7 6 . . . . = 100 6 

(Z. 43 6 32 0 . . . . 21 0 2 4 . . 1-6 . . = 100 6 

e 43'59 27 72 2 61 . . 19 71 2 98 3 08 . . 0 36 ~ 100 04 

/. 46 34 30 28 1'37 . . 13'87 3 38 4'73 . . 0 71 >= 99 68 

These analyses may be represented by the general formula 3(M*:M=)Si012]MfBi"0'* 
similar to that of mejonite, which however contains no alkali. 

The name Saussurite has been extended to other constituents of the above-mentioned 
rocks, of similar character, but containing a larger proportion of sdica (48 to 54 
per cent.) (See Bammlsborg’s Mineralchemu, p. 606, and Jahresb. 1861, p. 
997 ) 

SAVIN'S, Olt OP. Sadebaumo!, Sevenbaumol . — A volatile oil obtained by 
distilling with water the hemes and the herb of tlio snvine (Jumperus Sabina). Ac- 
cording to Dumas, it is polymeno with oil of turpontme, It is a nearly colour- 

less mobile oil, which partly resimses on exposure to the air, becoming yellow and 
somewhat viscid. It has a pungent disagreeable odour, and a sharp, aromatic, camphor- 
hke taste. Specific gravity = 0 91 to 0 94. Absolute alcohol dissolves it in all 
proportions , with 2 pts of highly rectified spirit it forms a clear solution , 'With 8 pts. 
or more, an opalescent solution It detonates with lodme, and is converted by nitric 
acid mto a reddish-yellow balsam. When mixed with an pqu.d quantity of strong 
sulphurio acid, it yields, according to Winokler (Report Pharm [2] iii. 330), a 
iourtli of its weight of an oil, which after distillation over potash, is voiy much like oil 
of thyme. According to Zeller (N. .Tahresh. f Pharm xii 1), the fresh herb of 
savins yields IJ per cent, of the ell, the dry herb 2 per cent., the fresh berries 10 
per cent. 

SAVITB. A mineral occurring in the gabhro of Tuscany, forming thin dimetnc 
prisms [trimetrie, according to Breithaiipt, Berg- u. hilttonm. Zeit. 1866, p. 223] of 
91° 41', colourless, transparent, having a hardness = 3 3, and .specific grayi-ty = 
2 460, Melts -with great difficulty before the blowpipe According to Beohi (SiU 
Am J [2] XIV 64), it contains 49‘17 per cent silion, 19 66 alumina, 13 50 magnesia, 
10 52 soda, 1 23 potash, and 6 57 water (= 100 66), agreeing approximately -with tho 
formula (]!lfg'“Na'')Si“0® APSiO* 2H'0. According to a new examination of tho 
crystals by Quintiuo Sella (N. Oinrnto, March 1868), the formula agrees exactly 
with that of natrolite 

SA-nVITB. Syn -with Bismuth-kiciiel (i. 696). 

SCABIOSA. A genus of dipsaceouB plants, three species of which have been 
chemically examined by Sprengel (J. f. teolm. Chem. viii. 311, 373, ix. 1), with tho 


following results — 





Scaiiosa sacclsa. 


mis, SLahiosacolumhaii 



80-0 

70-0 

Substances soluble in water! 
and in caustic potash ( 

12'6 

13 0 

17 6 

Ash 

1-6 

I'l 

1-6 

Composition 

of the Ask in 

100 parts. 



K30 

So suecisa . 38 1 
Sc anensis . 40'7 
Sc columbaria 38 7 


CaO MgO APOS Fe'iQS SiOn SO’ P‘0' Cl 

312 4'7 0 2 . . 3-1 6'4 10-4 1-8 

29 4 7-0 10 0-9 13 2 1 9 1-2 3 6 

381 6'6 0 6 . . 6-0 2'9 4-0 2 6 


SCAIiBS OP PISHES AND AIVIPHIEXA. The chemical composition 
of the scales of fishes is similar to that of hone, but they contain a largor pro- 
portion of organic matter. The organic constituent has, accordmg to Frjmy, the 
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bame oompoBition As OBsein, and is likewise converted 
water. The following table eshibits the composition of 
Chevreul ; — 

Lepismtea. 


Animal matter . . . il'18 

Basio ealcic phosphate . . 46-20 

Calcic carbonate . . . 10 00 

Magnesic phosphate . . 2 20 

Fat 0 40 

Sodic carbonate . . 010 


into geUtiu by boiling with 
flah-acales as determmcd by 

Perea labrax. Chetodm 
66 00 61 ’42 

37 80 42 00 

3 06 3’68 

0 90 O'SO 

0-40 1 00 

0 90 1 00 

1'94 


The ash of fish-scales has been analysed by FrAmy with the following results • — 

Ash Basic calcic Mngnesic Cakic 

percent phosphcite. phosjihate carbonate. 

Scales of Lepisostea . . 59 3 618 7'6 40 

„ Umber-fish . 41-9 36 4 0 7 2’0 

„ Fike. . . . 43-4 42 6 trace 1'3 

„ Carp . . . 84-2 33 7 . . M 

Brummerstadt found in the scales of the carp, 60 362 per cent cartilaginous substance 
(ehondrm), and 38 468 inorganic matter, consisting of 84 074 calcic phosphate, 8'777 
calcic carbonate, l-OOO magnesio carbonate, and 0 667 magnesio phosphate. 

The colours of fish-scales appear to be due to interference The silvery coating of the 
scales of the blesik (OypiWMit aldwnus) iB used for making artificial pearls. It is 
separated by agitating the fishes with water, then drenched with ammonia, and the 
liquid IS preserved in a tightly-ooiked bottle Bart of the silvery substance dissolves 
m the ammonia, while the rest remains suspended The liquid thus obt.iined, called 
Essence Onent, is poured into small glass beads, and then poured out again, leaving the 
inner surface covered with a thin film, which, as the ammoma evaporates, forms a 
shining pearly coating on tho glass The head is thsn filled up with white war 

The scales of amphibia are histologically similar to epithelial structures, and chemi- 
cally to horny substance The ehell of the tortoise and other cUolonians is of sinuUi 
n,itur6. The scales of serpents were found by FrAray to yield a small quantity of 
alkalino ash, and to consist of a substance resembling epidermis. {Ilandiv. th Qhm. 
vii. 381.) 

SCAiantOnriO acid. See Jauapio aoid (ui. 436). 

SCAIHCMONIir. See Jalapik (ui. 438) 


SOAiaiHCOKOliIC ACID. See Jalapinoho acid (iii. 440). 

SCAltnwoinr. Scammomum , — A purgative gura-reain, produced, according to 
Guibourt, by two species of OOTirolwidas, viz 0 8canimonm(L) utid 0 AirsaiMs (Stev ), 
growing in Syria and Asia Minor. Thera are two sorts of il^ knoivn m ooinmeree as 
Aleppo and Smyrna scaminony According to other authorities (Zraiidw d. Cheni. 
vii 275), AJoppo scammony is obtained from Convo/vidus Svammonia, iind perhaps 
from other species of the same genus, and Smyrna scammony from IWiplooet Seenmone, 
a plant belonging to tho apocyanaceous order * 
jUeppo scammony is the most esteemed 'When of superior quality it forms flat 
masses, rather light, and somewhat hollow within, dull and hlackish-grey on the fr.ie- 
tured surfaces , thm fragments appear transparent when ex.immed by a magnifying 
glass. It IS friable, has a powerful odour, and is often covered with a gi'cy powder re- 
sulting from the friction of the lumps Inferior sorts iiave tho form of flat orbicular 
lumps, compact, heavy, and without internal cavities, Tlie fraoturo is tlieii black and 
vitreous, and thin fragments are very transpiirout Tins kind of scammony is also 
friable, and has an odour like that of the bettor sort, but fainter. 

Smyrna scammony is duU-browu, heai-y, not friable, and has a dull vitreous fracture. 
Its odour IS faint but disagreeable 

The composition of commercial scammony is snbiect to considBinble variations In 
three specimens of gonume Aleppo scammony, Marqiiart (Areli Plinrm vii 230, 
s 12 1) found 81 26, 78 6, and 77 per cent, resin soluble in alcohol (which is the active 
principlo), tfaa remainder being made up of wfuc, extractive matters, gum, starch, albu- 
min, ftbrm, and inorganic salts In one specimen, evidently adulterated, tho proportion 
of resm was as low as 8‘6 per cent , the remainder being cUiofly made up of starcli, 
gum, gluten, and salts Another speeimon, m which tlie proportion of resm was 32 6 


' There is also a false or sp 
which i5 prepared In the South 

daof^eruufi purgative, and ithould r 


BCsimraony, known as French or Mu 
mte from the expressed juice of an ae 
with various resins nuii other purgative 
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por cent , was foiuid to contain S2 per cent of gypsum In foiir spociniens of Smyrna 
BCtimmony, Marquart found 2S, 6, 6, and 7 por cent resin soluble m alcohol (abont 1 
of it being also soluble in ether), the rest boing made up of extractiyo matter, gum, 
stai'ch, woody fibre, and inorganic salts 

The chemical constitution of scammony has been fiu-ther inyestigated by Keller 
and by Spirgatis, who agree very nearly in their analytical results, hnt differ in the 
formulie by which they represent them Spirgatis regards the resin of scammony as 
identical with that of spurious or fusiform jalap, whidi is also derived from the root 
of a convolvnlaceous plant, Convolvultis omahensis Keller regards the two resins as 
very closely aUiod, but not as absolutely identical (See JAiirio acid, lAUAPut, &c., 
Ill 436— 4i2) 

SOAFOl^ITB. Wemente including P' i ■ v r t.. ’pgi^aclasttc, 

Glaucohte. Athenaatite,Te)eniie,Porcelain-s _ - .'aluminium 

and calcium (the calcium being, however, i ■ potassium, 

and magnesium), occnrnug in dimetrie crystals of the some form as mejomto (lii 966) 
Observed faces, oP, coPco , coP, P, Poo , ooP2, ooP3 Length of principal axis = 0'43D8 
Angle oP Poo = 166^ 14^' Cleavage parallel to ooPco and ooP rather distinct hut 
interrupted The minerals occur also massive, granular, or with a faint fibrous 
appearance, sometimes columnar, but most frequently in distinct a'ystals, occasionally 
of largo size. 

Hardness = fi to 5 5 , in a suhtronslucent variety from Goiivernenr, New York, it 
is nearly 6 Specific gravity = 2 612 to 2 749 Lustre vitrooue to pearly, externally 
inclining to resinous, on tlie cleavage and oross-fractuie, vitreous Colour white, 
gioy, blue, green, and red, usually light , streak uncoloured Transparent to faintly 
subtranslucent Fracture subconohoidal Brittle. Before the blowpipe it turns 
white, and molts with txunofaction to a blistered glass. It colours tlie flame yellow, 
and wlion heated in on open tube gix-es a faint reaction of fluorine. It is completely 
decomposed by hydi’ocliloric ncid without gelatinising 

The numerous analyses which have been made of scapobte exhibit considerable 
diversities of composition The silica varies from 42 to above 60 per cent. , tlie greater 
numhor of the analyses, however, give 46, 60, or 60 por cent. The lime varies from 20 
to about 3 per cent , those scapolites which are poorest in silica being richest in lime. 
Those latter contain either no other strong base, or only small quantities of alkali, 
chiefly soda , but us the amount of lime diminishos, that of soda (also of potash) 
increases for the most part , in that case also magnesia is almost always present, though 
in small quantity. Lastly, nearly all scapolites contain water, generally less tlian 1 
por cent , but sometimes more than 2 per cent. (For the individual analyses, see 
Bammclshetg's Mmm akaUvuc, pp 717 — 720). The oxygen-ratio of tho protoxides, 
sesquioxides, and stUoa in scupolite, varies : 

EO R103 SiOi no R20> SIO’ 

from 1 . 1'68 : 3'16 to 1 . 4'47 : 8 83 

Most scapolites exhibit signs of decomposition, indicated by differences of specific 
gravity, transparency, and hardness, and by tho presence of water The least Stored 
are those winch contain the lai’gest proportion of lime. Such are tlioso having nearly 
the composition of mejonite, 3(2Ca"0 SiO’) 2(2Al-0* 3SiO’), whicli in fact is regarded 
by Eammelsherg, Bischof, and G. Rose as the original scapolito Among the least 
altered soapobtes are nuttahte fi?om Bolton, Mnssadhusetts, a specimen of which, 
analysed by v Rath, gave 44 40 per cent SiO^, 26 52 Al-'O’, 3 79 Fo-0“, 20 18 CaO, 
I'Ol MgO, 2 90 Na^O, 0'61 K^'O, and 1 24 water ( = 98 74), and certain scapolites fi’om 
Arendal m Ronvay, and from Malsjo in Wormland, Sweden. 

The name bcapohte ^or wernerite) includes the common greyish and white varieties of 
tho mineral ButtahU la bluish, greyish, and dark-greenish. Paranthine mdndea 
coitam compact varieties and crystals of wlute and palo-blno colour Ekebergitc{cou- 
taining 61'02 per cent, silica, 26 87 alumina, 2'73 feme oxide, 13 29 bine, and 4 64 
soda, besides small quantities of manganous oxide, magiiosia, and potash) is massive 
and Bubfihrous The distinctions between these varieties are, however, not very weU 
defined Porcelmn-spar, from Passan, is somotimes referred to labraWite hut its 
analyses give essentially the same oxygen-ratio as scapobte (40 20—60 '29 SiO’, 27 30 
■ — 27 90 APO“, 13 63 — 16 48 CaO, 4 63 — 5 92 Na'^O, witli small quantities of potash 
and water). Glaucohte, which has a lavendor-hlno or greenish colour, and speciflo 
gravity = 2 72 — 2'9, and has nearly die composition of labradonto (iii 460), is 
referred to scapobte by Gt Rose, as its cl6.av.iges are those of the latter and not of 
labradonto and its oxygen-ratio is included within the limits of scapobte 

Tho alterations of - ' ' ’ I the action of carbonated waters, 

tho carbonic acid tal ■ from near the Sludunka river, in 
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Damia, ajfords an example of tliis alteration, containing 40 58 per cent. SiO^, 28 37 
AlW, 11 06 GaO, 3-60 Na^O, 0-89 PeO, and MnO, and 14 66 CaCO» Sometimes tlio 
action of tlie carbonic acid goes bo fm: as to carry off nearly all the stronger bases, and 
rednoe the mineral to a Icaolin. Acid carbonate of magnesium in solution eonrerts 
scapolite into soapstone By alkaline carbonates in solution, alkalis maybe intrcdiieod 
and lime removed thus forming mica, nlgerita (i 113), and peibaps also zeohtes By 
means of fenous carbonate dissolved in carbonic acid, an oxide of non may bo intro- 
duced, and the iron being oxidised to feme oxide dimng the process, epidote in the 
form of scapolite is produced. MhenasUte, a highly hytated scupobta trom Ai’cndal 
(i. 430), is, according to Hausmann, the original wemerito of Hauy. 

Scapolite is usually found in crystalline rocks and in granular limestones, most 
commonly near its jimction -witli granite, also in hr ^ '' ~ -- -mpanying 

this rock. In the latter situation it occurs at An ' ■ mland ni 

Sweden, also in fine crystaUisations in Pargas in , .. occurs in 

the bmeetone quames at Murlsjo in Wermland; porcelain-spar in gramiiar limcslone 
at Oberiizell, in Bavaria , glaucolite near Lake Baikal in Siberia, in veins in granite. 
(Dana, ii 202). The localities of other varieties have already been mentioned. 

SCABSROITE. An argillaceous mineral flora Scarborough, contoming, accord- 
ing to V ernon (Berz. Jahresb. x. 169), 10 6 per Cent, silica, 42 5 alumina, 0 26 feraiB 
oxide, and 46'76 water. 


BCHABA5ITS. Syn with Chabazitb (i 843) 

SCKAPBACBITB. Syn. with BisMOTu-sn.-VEa (i 597). 

SCHEBIB’S GRBBW. Arsemte of copper (i. 376). 

SCBEEBETZUE, Native tungstate of lead. (See TnirasTATBS.) 

BCHEBEITB. Native tungstate of calcium (See Tonostatbs.) 

SCHEEBEBZTE, This name has been applied to two fossil resins ocnuTing 
at Uznacb, near St. &allen, in Switzerland • 1 A ciystalline resin polymeric with 
mai’sb-gas, of specific gravity 0 68, and melting at 44°. — 2 A hydrocarbon, poly- 
meria with benzene, already described as reteiie (p 97). 

SCREFFEBZTE, A mineral formerly regarded ns n garnet, occurring in the 
iron mine of Langbonshyttan in Sweden It has a rod-brown colom’ , hardnoss = 
6'6 I spooiflo gravity =3-39 ; is slightly attacked by hydiochlorio acid, witli evolution 
of cMorme. Contains, according to Micliaolson (Jahresb 1863, p 804), 62 31 per 
cent silica, 19 09 hme, 10 86 magnesia, 10 48 manganous oxido, I'OS ferrous osiilo, 
and 8’97 ferric onde (loss by ignition 0 60) The oxygon-ratio of the protoxides and 
silica is 1 : 2 ; hence Michaolson regards the mineral ns an angite. 

SOHIiBBETIWIXE. A fossil resin from the coal-mines of Wigan, in lancnslnro. 
It forms black drops and grannies, sometimes os big as nuts, brittle, and of conchoidal 
ftacture. Specific gravity = 1 136 Combustible By dry distillation it yields 
water and a large quantity of empyronmatic oil, and loaves a rosidne of charcoal. It 
is insoluble in water, alcohol, ether, and alkalis, and is slowly decomposed by 
strong nitric acid. When it is reduced to fine powder and boiled with water, ulculiol, 
and ether in succession, traces of oil are dissolved, after which it contains at 120°, on 
the average, 3 68 per cent of ash, 76 96 per cent. 0, 8 95 H, and 10-42 0, correspond- 
ing to the formula (Mallet, Phil Mag [4] iv. 261) This body was 

erroneously regarded by Dana and Mallet as identical with Rochloder’s nyrorotin 
(Kenngott) 


SCBSTBIDBRIXE. A zeolite from the gabbro of Tuscany, having a confusedly 
lamino-radiato structure; hardness = 3; white and opaque Contains, accoubng to 
Bechi (SiU. Am. J. [2] xiv 64), 47-79 per cent silica, 19 38 ahinima, 16 76 lime, 
11 04 magnesia, 1-62 alkali, and 3-4l water. Breithaupt regards it as a decomposed 
laumontite. c ^ i 

SCHORt AJHIXB, or SCHOREOMITB. A caleio-ferric silico-titanato oeem-rmg 
on the Ozark Mountains, Magnet Cove. Arkansas, togoaier with elieolite, bi-ookito, and 
garnet, also embedded in phenolito at Oboi-schaffhauson, on tlie Kaisorstulil 
Hm-dness = 7-76. Specific gravity = 3 783 — 3 862. It is massive without cleavage, 
blMk and opaque, with semivitreous lustre Before the blowpipe it molts with diffl- 
culty on the edges to a black vitreous mass, and exhibits with borax and pliospborus- 
sa t tee reacUons of titanium Acids decompose it imperfectly, with sopoi-atiou ot 
golatmoub sihca, (Shepherd, SiU. Am J. [2] u 261.-.Whitnoy. Journ. Host. 
Nat. Hist See. 1849, vi. 46.) 

Amli/ees —a Prom Arkansas (Itammelsberg, MinCT-alcimJe, p 888). — h Prom 
the Kaiaersthul; specific gi-avity = 3 746 (A. Clans, Ann Ch Pharm. cxxix. 213) . 



SiO'J Ti02 Fc’O^ FcO CiiO MgO K^O Nn»0 

0.20 24 2134 20 11 1'67 29 38 1-36 ' TT" «=. 100 

h 29 fiO 21 18 18 08 . . 25 13 1-22 4-23 » 99 38 

Raromeleliorg dediices from bo analysis, wliieh agrees very nearly Tritli those of 
Whitney and Crossloy, the formula 3(2Ca"0 SiO“) (21i’e*0“.3Si0’),(2Ca''0 3TiO'). 
SCHORUZTB. Syn. with Topaz. 

SCKOS.I.OntXXE. Syn with ScnonLAMTTE. 

SCHRZllBEltSITE. A phosphide of iron and nickel, oeciming inmetooric iron, 
and fonning the principal part of flio lesidiio left on dissolving tho iron in hydrochloric 
acid (Meixorites, iii 978). Under the microscope it often appenrs in sharply-defined 
crystals Its colour is somotimos steel-grey, sonietimas yellowish or hrownish. It is 
strongly magnetic, diasolvos with difficulty in acids, and is often mixed with graphito 
and silica. Hardness = about C 5 Specific gravity = 7 01 — 7 22. It vanes greatly 
in composition, as the following analyses will show (liammdUterq's Minn alchcrtn'c, 
p. 917) - 


Phosplioins 

Il'OU . . 

Nickel . . 


Elbogct^ BohumihtX’, 


Braunau Schincix Aiva. 

Dufloa. Ruiumdsborg pAtera. 

FUclic'r. man II 


. M 17 n 76 12 72 r 37 36-00 7 26 6 M 

. 68-11 69 46 60-13 82 63 22 34 87 20 78 36 

. 17 ■72 * 16 79 2716 20 18 36 86 4 24 16 47 

100.1)0 100.00 100 06 Ca0 8 2 J 00 98 70 09 97 

100-00 100 00 


Phosphorus 18 47 
Iron . . . 48 67 ) 
Nickel . . 1&32( 
Maguesuim 0-66 
06 13 


24 

78 

m 


10 23 
70 02 
14 62 
99 77 


3 64 11 61 3 31 11 39 

8G 32 68 30 87 77 60 00 

10 14 29 95 8 92 26 70 

100 00 99 92 100 00 Co £34 

' 08 09 


Faye (Compt i-ond. Ivii 801), hy exposing a inixtm-e of 8 grms ferric oxide, 
3-7 grms iiiekcl-oxido, 10 1 sodio pliosjili.ito, 6 grms. silica, and 2 grms oliarcoul, to a 
white heat in a graphito eriieiblo, obtained a black slug, a metallic rogulus of nicki I 
and iron, and between tho two a crnstof yellowish inotallic sinning laiiiinit',oxhihiling 
tiio characters of scliroihorsito. 


SCKIIOTXBRITEI. Ad aniorphoiiR mineral, rosomhling alloiilmno, from (ho 
DblUnger nioiuituin, near Frankenstein m Styrio, whore it occiU'S in nests holwoeii 
olay-sluto and granular limestone. Il.uxlness = 3 — 3-6; specific gravity = 1 95—2 06 
Colour grocnish, yellowish, or sometimes spotted with brown Coutaiiis, aecmding 
to Selu'ottor (.1. pr Chem xi 380), 11-91 percent, sihea, 40 29 nliimiiia, 2 80 feme 
oxide, 1 16' limn, 0 26 eiiprio oxide, 0 63 sulphnne acid, and 36 86 water, which may 
1)1) roproSMitorl by tho formula 6AFO*.2SiO-,20fl’O It is probably a mi.xtui'o coiil, lin- 
ing hydrate of aluminium. 

SCHirBZX'rB. Syn, with CosLESTnr (i. 1069) 

SCIIiXiA IWASIIXIIWA. 8qm!l. A liliaceous plant, gi-oxving xvild on (ho shores 
of (ho Moditerranoan The fie.s!iy bulbs, xvhieh are used in medieino, have boon invesli- 
gated hy several chemists, but with somewliat discordant results, lliey contain a 
volatile oil, an acrid substance, a Iiittev principle, gum, sugar, and, according to 
Landeior, starch and fat, together with phosphate, citrate, and perhaps also tai-trate of 

The volatile oil, obtained by- distilling tho bulbs with w-ator, is mobile, slightly 
coloured, has a pungent disagrcoahlo odour (like th.it of garlic or mustard oil), anil 
blistflis the skill , so likewise does its alcoholic solution. 

Tho investigations on seillitin, tho active ingredient of the bulbs, have not 
dotonnined whether it is to bo elassod with the rosin.s, tho alkaloids, or the bitlir 
principles. Mandet (Compt, rend li 87) distingu’shes two peculiar bodies, tho 
poisonous and irritating senloin, and the non-poisoiionB seillitin, but adds nothing 
further concorning them, Schioff Eepert xiv 241) also distinguislies a iniivntic 
principle (scifhtoi) and an acrid non-x-oliitilo principle. Bighini (Hopei t. Ixiii 87) 
regards scillitm as impure voratrm 

a According to Tilloy (J. Flmrro. xii, 636, tVni) [3] xxni. 400), squill conUins 
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no volatile acrid principle, but crystals of calcic citrate [oxalate (Scbroff)] which 
irritate and inflame the skin wlieu rubbed upon it. The active constituents are an acrid 
resin and a bitter substance 

Dried squill-powder gives up to ether an agreeably-smelling yellow fat (or fatty 
acid ?) which may be freed from adhering bitter substance by moans of hot water. 
When the powder which has been exhausted with ether is digested with alcohol, a very 
acrid and bitter tincture is obtained, leaving on evaporation an acrid rosin, whicli is 
freed from adhering fat by ether, and from sugar by water. This resin is very 
poisonous ; it softens m hot water, dissolves m alk^is and alcohol, and is not 
altered by acids.— The bitter substance is extracted by hot water from squill previously 
treated with ether and alcohol, it is precipitated from the liquid by charcoal, which gives 
it up again to boiling alcohol (Tilloy) 

6 Vogel (Schw. J vi 101) and Lohourdais (Ann. Ch Phys. [3] xxiv. 62) 
prepare the bitter substance as follows — 

1 Vogel exhausts die concentrated juiee with alcohol, evaporates the tincture, dis- 
solvQS the residue in water, precipitates taiiuic acid by neutral acetate of load, removes 
excess of lead by means of sulphydric acid, .igain filters, and ovaporalos There tlieii 
remains sciUitm, together with sugar and s.ilta, in the fonn of a ooloiuless friahla 
mass, which has a very hitter, afterwards sweetish taste, and causes voiiutmg and 
purging. This mass softens quickly m the air, and dissolves oisilyin w.itor ami 
absolute alcohol, and lu vinegar— 2 Lebourdiiis precipitates the highly coloured and 
very viscid decoction of squill with neutral acetate of loud, and agitates the cold filtral o 
with pm'ifled animal diarcoal till it loses its colour and hitteraoss Tlio charcoal is 
then washed and diied, and boiled with alcohol, which takes up the scillitin, and loaves 
it behmdon evaporation — SciUitin thus obtaiuod is iin amorphous, notitral, uou-hygro- 
scopic mass, which decomposes easily when heated, dissolves with piuple coloin lu oil 
of vitriol, uflenviu'ds blackeniug, and is decomposed by nitric acid.— A portion placed 
upon the tongue produces the sensation of a caustic. — ^Bley (N Br. Arch Ixi, HI) 
operated in t£o same way as Lebourdnis, avoiding too grout heat, aud obtained by 
spontaneous ovaporation, long, colourless, flexihlo needles, having a very bitter test c, 
becoming amorphous when gently warmed, aud not afteiwards suseoptihle of crystal- 
lisation — According to Wittstoin (Eepert [3 J, iv 200), the bitter of squill is not pre- 
cipitated by basic acetate of lend, nor by hydrated oxide of load, which latter, however, 
precipitates the acrid constituent 

0. Marais (T. Pharm. [31 xxx 130) aud L.andoror (Report xlvii. ii2) believed 
they had obtained an aUiuloid, whicli Tilloy was not able to nsoUto. 

1. Maiuis exhausts either the dried squill with ideoliol of 6fl per cent,, or the fresh 
bulbs with alcohol of 90 per cent , mixes the tincture with milk of lime, agitates with 
ether, separates the supornotunt layer of liquid, and evaporates, whoroiipou scillitin 
and fat remain, the latter of which is removed by again dissolving the rusiduo in 
alcohol — The product is an amorphous, hygroscopic, palo-yollow mass, having a pun- 
gent bitter taste and an alkaline reaction — It dissolves m oil of vitriol, forming a 
violet solution, from which water precipitates gioen flocks, and in nitric acid with red 
colour, which qiuckly disappears, it is lusolublo m hydrochlono acid, but soluble m 
ammonia and caustic alkabs, becoming decomposed and losing its bitter t.isto Wlicn 
heated with hydrate of potassium, it evolves ammonia It dous not dissolve m water , 
produces with ferric cldoride an oriiuge-yellow, and with plutinio chloride a yellow 
precipitate, and combines with acetic acid It dissolves m alcohol and ether Taken 
internally, it acts as an emetic and violent pui'g.itive, and aflerwaids as a narcotic. 
(Marais.) 

2 Lauderor digests the crushed inner portions of squill with very dilute sulphuric 
acid, boils down the filtrate to one-half, saturates it with hmo, and sots it asido fur 
tliroo days ; then coUocts and dries the residue. Wlien this residue is boiled witlv' 
alcohol, the filtrate deposits on evaporation a very small quantity of extremely bittep 
needles, which are insoluble in water, and sparingly soluble in alcohol. The needles' 
have an alkaline reaction and neiitrabse acids, forming therewith crystaUisable salts, 
which molt when boated (evolving vapours which oxcito coughing) audo.ii'bouiae, but do 
not leave a trace of bme. This body does not appear to ho obtaiuod from dried squill. 

SCIXIilxinr. See the last article. * 

SCIRFUS. Tho ash of tlio bulrush (Scirpus lacuitris) has been iinalyaBd by 
Floitmaun (Ann CIi Pharm Iviii 391) andby Schulz-Floeth (Pogg. Ann Ixxxiv. 
80), with the following results (deducting tho charcoal) 

K^O Na^O C.iO MgO Fo-’oa sOi SiO’ COi NhCI KCI 

15 3 . 7 3 2 6 1 17 4 8 28 1 . 9-6 27 3 3 9 = 99 37 (Floitmaun). 

9 7 6’0 7 0 2 3 0 24 6 6 46 6 7-9 4 8 10 1 . 99 04 (Schulz-Floeth). 



SCXiEROnKIT. A toi'iii apjiUod to llio incruhtmg matter deposited witlim tlio 
cells of woody fibre, also called hgmn. Tins faubstanee is said by Payon to be dis- 
tinguisbod from cellulose by assuming an orange colour whou treated witli potash and 
iodine, whereas pui'e cellulose tons blue under the same circumstances. Schlcidcn, 
on tlie other hand, denies its existence as a distinct compound. (Sco Gmelin’s Uand- 
luolc, X7. 124.) 

SCOIiECITB, Lime Mesoiype, Ncedlesione, Pontiahlite, Fibrous Zeolite' including 
Mesobte or I/ime and Soda Mcsotyjte . — A hydrated calcio-aluminic silicate, in which tlio 
calcium IS sometimes partly replaced by sodium It foims monoelimc crystals, in 
which the ratio of the axes a . 4 c = 1 0282 1 0 6701 Angle of inclined axes 

4, c = 89°6'. The crystals are prismatic or aciciilar, consisting of a prism of 91‘-8u', 
acuminated by four faces of a monocLnie pyramid composed of tlio hemipyramid P of 
144° 40' and tile liemipjramid — P of 14P20', they liear a strong general rosemblauco 
to the crystals of natrolite, which consists of the orthorhomhic prism ooP = 91°, acu- 
minated by foiu' faces of the pyiumid P inclined to the lateral edges at angles of 
143°20' and 1 12°40', Tivins also occur parallel to the orthodiagoiial Cloimige nearly 
perfect, parallel to ooP Tho mineral liheuiso occurs flbiinis, massivo, aud radiated. 
Hai-dnoss = 6 — 5 5 Specific gravity — 2 2-2 7 Lustre vitreous, or silky wheu 
fibrous Traiispnront to subtiaiisluccnt Pyroloctric Before tlio blowpipe it curls 
up like a worm (heiioo tho name, fiom iretSAuf, a worm), and finally melts to a bulky 
sliiniug sl.tg, winch m tho iiiuor flame becomes a vosiculur slightly shining head 

A. Soolooiteor Lmo Mesoiype — Analyses- a. Prom tho Berufiord, Iceland 
(Gibbs, Pogg Anu.lxxi. 565).— 1) Paioc Islands (Stephan, Uammdshere/s Mineiul- 
chemie, p. 795).—!; Staffa fibrous (Puchs and Gclilcn, Schw. J. viii 35.1, 
xviii 1) — d Isle of Mull - radi.ito, accompsnied by epidoto (Scott, Bdiu N. Phil J 
Oct.1852).— e. Auvergne (Guillomin, Ann Min xii.8) — f INiodoikirchcu,iiiKhcnii-h 
Bavaria (Piegol, Jalirh pr. Pharm. xiii 1) —g East Indies spheriuil aggregabs 
having a radiatesU'iicture (Taylor, J pr Cbcm Ixiii 407). — h. Cacbapual Valley, in 
Ghih, in porphyry (Domoyko, Ann. Mm. [4], ix. 3). — 


AJuinuia 

Soda . 
Potash , 
Water . 


a b c. <1. e. f g h. 

46 72 45 82 40 75 46 21 49'0 48 08 46 87 40-3 

. 25 90 26 28 21 82 27'00 20-6 23'93 26-32 20 0 

. 13 71 13-69 14’20 13 46 16 3 1122 13-80 13 4 

1-10 0 39 . . 0-32 0 46 

0-13 

■ 13 67 13 60 13 64 13 78 9-0 13 66 13 40 110 

100-00 100-39 99 80 100-14 99 8 100 10 100 03 fOO 0 


These analyses lead to the fonnula (Ca"0 SiO*).(Al=0’ 2SiO’) SH^O 
B. Mosohto or Lime and Soda Mosotypo. — a. PorUush, Ireland(also called 
Earnngtoniie), Thomson {Out'ines of Mincialogy, i 428) —4 Kilmoro in the He- 
brides (Heddlo, Phil Mag [3] XI. 273).— c Berufiord. Iceland spheric, il r.uli.ite 
(WnltorshauBon, Pm/A ffcs/ctnc, p 267) — d Ireland AMlnmoWc (Heddlo, 4ic. 
cit)—e. Faroe Islands (Berzelius, Jahroshericht, m 147)—/ Tyrol, m.assivo ami 
fibrous (Pu eh s aud Gobi on, Schw J. viii 353 , xviii 1)—^. Iceland oxoontric.dly 
fibrous (Breidcnstoiii, Fammelsbcrg’a Mincralcheniie, p. 798) — k. Taliskor ui Skye 
(Heddio) 

Sihca . . 44 84 46-26 46 41 47 07 48-80 46l)4 46-7*8 46-71 

Alumina . 28 48 26-48 26 21 26 23 20 60 27 00 27 63 26 62 

Lime . 10 68 10 00 9 68 9 88 9 87 9 61 9 00 9-08 

Soda . . 5 66 4-98 4 87 4 88 6 40 6-20 6 34 6 39 

Water . 10 28 13-Ot 13 7 5 J^2 24 12 30 _12 36 12 38 12 83 

99 84 100 76 100 95 100 30 100“87 100 21 TOO-OS 100 03 
Eammelsberg represents the analyses 6, c, d by tho formula; 

3[(Na^O.SiO^) (ArO“ 2SiO*) 2ffO] 7[(Ca"0 Si0'-‘).(AP0“.2Si0»),3H’0] 
and the rest by tho formula : 

[(Na^'O SiO“) (APO* 2SiO“).2ffO] -t 2[(Cu"0 SiO-p(APOi 3SiO'') 3IPO]. 

These two formiil.-ie, however, give very nearly the same prn-ccnt.age composition tlio 
first roqmring 46 92 SiO^ 26 06 ill'O^ 9 95 CiiO, 1 76 fT.-VO, and 12 33 IPO the 
second, 46-90 SiO', 20-00 APO’, 9 48 CaO, 6 28 Na=0, and 12 19 1I“0 
Scolraite occuis also in Greenland, at Piirgas in Finland, in Auvergne, and in veins 


n the E 
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S€OLEXEROSE-^-SCOEODITE. 


Poomklite, a variety from Poonali m Hindoatan, haa the anglo coP goP = 01° -lO' 
(Keiingott). Gmelin (Pogg Ann. xlix 428) found it to contain 46’12 por cent, 
silica, 30'44 alumina, 10 20 lime, 0-66 soda (with a trace of potaeli), and 13'89 water 
<= 99 81). 

AiitniaohU occura in white fibrous etalaotites at Antrim, four miles east of the 
Giant’s Causeway. Angle of prism = 92° 13', outer edges bevelled by a prism of 
lfi0° 30'. Hardness 3 7fi Specific gravity = 2 096 

SCOKBXSROSa. A mineral from Pargas in Pinland, regaided by Nordenskiold 
as a variety of labradorite (in 451), by others as a scapohte 

SCOPABUT. (StenhoiisOjPhiL Trans 1851, p 422, Ann Ch. 

Pharm, Ixxviii 15.)— A substance contained in SpaHtum Scopanum, and apparently 
constituting the diuretic principle of that plant. 

Pieparatwn — Tho decoction obtained by boiling the plant for six or oiglit hours 
with water When evaporated to one- tenth of its bulk, and loft at rest for 24 liours,solidi- 
fies to a jolly, containing scoparin together with ” ’ ’ " ' ' . 

teino. The jelly is warn'd with a little cold wot 

a fewdrope of hydrooWoric acid, filtered, and sot asiapiiuit boiiuinc', , ami tiio ,|ouy iig.im 
formed is purified by washing, preesing, drying over tho wivtoi-bath, and dissolving 
m boiling water, which now leaves moat of tlie chlorophyll undissolved The chloro- 
phyll may also be precipitated from tho aqneous solution by long-contiuuod boiling , 1 1 
IS deposited from a moderately conceulratod solution before Uio scoparin, luid muy bo 
sepai'ated by filtration at the propel point. 

Scoparin thus obtained forms, after drying in a vacuum, a pale-yellow, bill, tic, 
amorphous mass, tasteless, inodorous, and neutral J3y precipitating its cold iimiuo- 
niiioiil solution with hjilrochloric acid, dissolving tho bomewhat more solid jolly ni 
boiling water, and cooling slowly, a small quantity of pulo-yollow a'ybtaUino stars is 
obtained, together with gelatinous fecopaiin The solution in liot alcohol Ukewiro 
yields a jolly on partial evaporation, and crystals in the cold When an attempt is 
made to rccrystiillise the latter from hot alcohol, tlioro lomains a residue which dis- 
solves with difficulty m water and alcohol, and is obtained iw a jolly having the origi- 
nal degree of solubility only by dissolving it in iiminoma-w.itcr, and procipitnting 
with hydrochloric acid Tho crystals and tlio jolly have Uio sauio coriipobition whuii 


Scoparin puffs up when Tmated, carbonises without Biiblimiiig, and burns willi liriglit, 
flauio A solution potash or in acids is decomposed by boding, with formation ol a 
groouish-browa resin,— Scopiirm assumes abluo-greeu colourwitli /ij<iihiiic,iui<1 a d.u'k- 
green with solution of chloride of lime. — With nitrio acid it forms picric acid, 

Scoparin is sparingly soluhlo in cold, more froelv solublo iii liot wulor, foi ming p.ilc- 
yellow solutions. It dissolves also in cold alcohol, more finely lu boiling iilculuil It 
dissolves shgbtly in strong aeids ; very easily, witli deep ycUuwish-groon colour, m 
caustic ammonia, the fixed alhtlu, and ulhdinecurhonatcs, loss easily iu lime- and baryta- 
water. The ammoniacal solution loaves, on spontaneous evaporation, a green jolly, 
nearly free from ammonia. 

Scoparin throws down greenish-yellow flocks from neutral and ham aceiuU of lead 
It does not precipitate mercuno clUoi tdc or nitrate of silver. 


SCOR-nEm. A yoUow aromatie substance obtained from Teucrt'um Scorditm 
(W luckier, Bepeit Pharm xxviii. 362 ) 

SCORIXiXTB. A mineral from Juan dol Eio Caro del Ciilvaxio, in Mexico, con- 
taining, according to E Thomson (J pr. Chein. viii. 606), 68 0 per cent silu.i. It! H 
ahmima, 13 3 forrous oxide, 8’0 lime, and 2'0 water It occurs in brown Hhig-hl.o 
masses, with numerous cnvities Streak white. Hardnosa = 2'0. Specific gnivitv 
=« 170. Before the blowpipe it becomes lighter in colour, but does not fuse Witli 
fluxoB it gives the iron reaction 


SCOBOD2TE. Neoctese. Cupreous Aismiaio of Iron — A hydrated foiTic m'KCiudo 
ocmring in trimotric crystals, which exliibits the combination osl'eo . ooPco F , 
TO P2, sometimes with toP and JP. Axes a • 6 . c = 1 . 1-1611 1 0977. _ Aiiglii 

98° 2' Clca.vuge parallel to ccp2 iinperfock parallel to coPoo imd 
oaPoo in truces The crystals are sometimes single, sometimes implanted lu 
groups or grown together in granular aggregates The mineral also occurs in buU-yii- 
dal, kidney-shaped, tubular, .mdothfi- forma, also as an incrustation (aisonical suiter). 
Hardness = 3 5 — 4, .Specific gravity = 31—3 3 Lustre vitrcoiia, subadamimti n e, 
and Bubresinons Colour pale loek-grecn or Iiver-brown. Sireuk white Sulitrons- 
p.trent to translucent Practiii-e uneven Before thehlmvpipo on cliarooal it oiiiils uu 
alliaceous odour (henco the name, from tritSpoSoy, garlic), and fuses to a rcddibh-brown ur 



SCOHZA— SCTLLITE. 20;) 


IjliH'i Si'oi'iii, m.igiift'io nflcr all llic uivnip is pxiio]l,.(1. Tlic niiner.il is nolncLta upon 
by nitric acid, but dissolves easily in hydrochloric acid 

Anult/sea — a Granl, near Seliwur^mherg in Saxony (Daraonr, Ann, Ch Phjs 


(tfamourl ^ 

= 3 18 (Borzohus, JahreabeiicliL, v. 205).— c. h'rora Uio 
/. Loajsii, uuiu' Marniato, Now Granada (Eoubsingault) . 


[3] X. 412) — 6. Vaubry, Dept Haute-Vionno. erystidliscd , specific graiily = 3 11 
lur)— c Cornwall (Dainonx) — d. Antonio Perura in Brazil specific gravity 


Arsenic aiiliydrida 
Pliosplioric ,, 
Feme oxide 
Water . 


. 2 16 50 96 

33 00 31 89 

. 16 68 15 64 

100 71 98 48 


51 06 60 78 

0 67 

32 74 34 85 
15 68 16 6 5 
90-48 101 86 


f 

60 96 49 6 

33 20 31.3 

1 5 70 J(i_9 

99 86 100-8 


These analyses load to the formula Fb“0*.As- 0’ 4H-’0, or 0'.2H-0, requiring 49 84 


Aa-n‘, 3100 Fo’^O’, and 15 56 w.itor 

Au 11-011 suiter Irom NorlscliuiBk in Siberia, eontaming, aceordingtoHermann (.J, 
|ii- Chem xxtiii 95), 48 05 As-’0“, 30 41 IVO', and 16 64 water, is an amorphous 
scorodit u. 

Sooi-odito occui-s altered to limonito. 


SCOKZA. A voa-iaty of epidota. 

SCOKKOliraKA. The roots of Scorcoiirra /ns/inMicn, a plant belonging lo the 
ciehnraeeoiiB trilie of Cbwyioiiffc, contain starch. According toWittlng (Arch Plurm. 
[2J uv. 286), the expressed juice of the plant oiiutaiim niamiito.' 

SCS>OPJil'(rXiAHIA> Two spi'cios of this genns of plants have hecn exniniiicd 
cheniieullyby \Valz(,Tahi-b pr Pharin xxvi 296 , xxvii 12). 8 nodout contains a 

bilter substance culled by Wal-a a- serophu larin, wlueh distolvcs vci-y slowly m 
IV, iter, and is piocipiliited in white flocks by tanmu , .tiso a resin insoluhlo in wider, 
Bolublo in alcoliiil inid elher 


8c n(jHiitim cantons a hitler snhslancc, /J-sci-ophnl.iri n, difloi-ing in tii.slo and 
solubility irom u-scmpliul.irin ; an uriliiting rcsiiioiis Mihsl.ince, scrophuliicri ii, 
solnlilo 111 iili’oliol .iiid other, and ,i i-csinmis siihstaiicu, sci-oph iilaroeui, soluble m 
ak'oliiil, iiiHoliiblo III w.der ,ind in ethei 

lot) pH of 8c nqinii/cii yielded 7 8 pis, and 100 pis. of Sc nodosa 7 uqits of ii'-Ii, 
conniosod as follows — 

Omrrnnl 


K-’O N.dO CnO MrO IVO’ NnCI SOi piO' COr SIOi .imH.md 

So. aquatica % Z . 15-2 6 8 1 3 21-3 4 1 26-3 8 0 7-0 7 0 - 100-3 

8c. nodosa 4 t 13 1 25 5 13 1 1 0 0 2 3 1 13-0 IS 2 4 6 0 8 = 99-9 


SCUKVV-ORASS. See CociiLranu (i. 1062 ) 

SCTJTTBIiSiAKlN'. A hitter siihstanco contained in Stutiflana late ifohti. 
(0 idot do (riissicoui-t, J riiariii v 132 .) 

SCirlililTXi. A neutral substineo occurring in cai-lihiginons fislins, chiolly in (lie 
kidneys of the sliai-ka and rajs, in Iho unit and livor of the forinor, and in llio liior 
and gills of tliu liittoi- It doos not. conlaiii oilhcr mtiognn or siilphnr, and i.s pio- 
hably isfinioi-ic with inosito; hat its composiliou h.is not hoeii ox.icllj dolorniiiied. 

To piop.aio it, the organa just incnlioncd arc ti-itni-ated with poniidod gl.iss, lln ii 
stiri-pil up repealcdly with alcohol, and prc.s.scd, the filtered uxlraets arc OMi|ioial,d, 
the roaiduo is o.\liau.stod with wator, and tlio filli-alii is iig.un evii|ioi-al(Ml. 'I'ho s-yi-u|iy 
I'eaidiio is llioii treated with absoliilo alcohol, tlio poilioii iiisolubhi theriiii is dis- 
Bolvod in w.iter, and the aohitioii n left to cyiiporiite, whii-cnpoii it deposits crysials 
of taurmc anil .scjllite Tlieso crystals me sepai-.iti-d from the tiiolhcr-hquor by filtiii- 
tion, thou dissolved I and the boinewh.d, conceiiti.itul solution is treated w-ilh basic 
acetate of lead, wlioi-eby a lead-compound of scyllito is precqiitated, Irom which I ho 
lead may he separated by sulpliytU-ic aeid. 

Scyllito ci-j si .dll ses in anhydrous moiiocliiiic prisms having a vitreous lustre, Icsg 
soluble in watt r tliiin inosite, insoliiblo iii abaointo alcoliol It liiis a faint sweetish 
taste, .ind is pi-ccipitiilcd by b.isic .icetatc of h-ad, ti-oni its peifcctli iimiti.il aqueous 
solution, in a pasty form, like inositc It docs not, liowevor, exhibit tlia leaclions of 
inosite with nitiic iicul, ammonia, or chloride of calcium Nitric neid, of specific 
gravity 1 3, dissolves it onlviil the hoihiig heat and i van then hnl .shuvli .iiid wilhoiit 
evolution of gas T'lie solution contains unalu-iod seyUile, which m-ii he scpn.iti'd Py 
alcohol Wcylhle is dihsoliod by strong snlpliunc lu-id aho, only iit liigli lcui|i, i iliii-es. 

VoL. W P 
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SEA-SAXT-SEA WEEDS. 


it i‘> not colourod by boiling with strong soda-ley, and does not reduce an atkoline 
cuprio solution. (Frerichs and Stadolor, J. pi. Chem Ixxm. 48.) 

SEA-SAIiT. Cblondo of sodium more or less mixed with other salts, obtained 
by evaporation of sea-water. (See Sonmr, Chlohidb of.) 


SEA-WATHK. See Water. 

SEAWEEDS. These plants, which occur abundantly in the open 
often heaped up m vast quantities on tlie shore, ora used for rariou.s purpi 
food and medicine, in certain manufactures, but more extensively as mii 
tlie sake of their ash (called kolp or rare c), which is valuable as a sou 
sium-salts, and as the principal source of iodine. 





1. Seaweed as Food and Medicine — seaweeds contain laige proportions of 
ffoLitinoDB or mucila^uoua matter, .ukI ulfotd. iloniulcent. and nutritive jf'lluih , tiic pio- 
lini-Uoii of nitrogen in them is also very conendmhlo Tho following taljle cxliil)]t& tlio 
liioiiortions of dry matter and nitrogen contained in some of the species most used, 
as food for monor as fodder for cattle, in the British Islands and the North of Emopo, 
according to the determinations of J. Davy and Apjohn . — 


Peicentaffe of Pry matter and Sitrogai in Seaweed 


Plante. 

xvater. 

maltor 

Nltnigen 

Ghondrm crwpue (Oarraghocn or Irish moss), blenched 

17'92 

82-08 

1-334 

„ „ „ unbleached 

21 47 

78 33 


Qxgartina mamimlloaa .... 

21 fifi 

78 13 

2'lfl8 

Lanma) la digitala, or dulse tangle .... 

21 38 ! 

78(52 

1-388 

„ black tangle .... 

3103 

08 05 

1 300 

Pltoiommia pahnuta, or dylisk .... 

1 16-50 

83 41 

3 -103 

Porphyra lanmuta, or laver 

17 41 

82 30 

1 (lAO 

Indaa edalu . . • ... 

19 01 

80 39 

3-088 

Ahiria aculenia, or mnrlius 

17 91 1 

82 00 

2-12t 


Tlie proportion of mtrogon in these plants appears, from thosn analysns, to bo larger 
than in most other vegetable escnlcnls tho best whe.at-flour (^driod at lOtt'^) coulamiug, 
according to Apjohn, 1’8I7 per cent nitrogen, potatoes (I .III, beet l•(Kll, 1818, miuiaolds 
1 781, and Swedish turnips 1 843 This large proportion of nitrogen has been siii)|iOhed 
to account for the high nutritive value attnlmtod to many Idiids of scaiiood , but the 
moie percentage of nitrogen existing in a substance cannot bo t.ikcn as a certain 
indication of its nutritive value, as the form in which tho mtrogon exists ts liKcwiso 
of groat importaneo m determining whether the uiti'ogouou.s couslifiioiit of tho iiliiiit 
is capable of ready assimilation m the body of an animal moreover, the nulritivo 
power of a substance cannot be determined without taking account also of its uon-niti'o- 
geuouB constituents. 

The use of seaweed as food is most extensivo in China and Japan Lammann sac~ 
clinnna, sweet tangle or sea-tape, highly esteemed in those countries, has been foimd 
by Stenhnuso to coiitam largo quantities of nusniuto 

Plocana Candida {eaWed. Agar-Agar by tho Malays, and Pulling in .Tuva) isimpmrtcd 
iuto this country as commoieial Ceylon Moss It is a amall delicate xvlulc fucus, cou- 
t, lining ubout 70 per cent, of starch and vegetable jolly 'J'lio edible birils’-nosts, 
esteemed as a delicacy in China, are probably constmclod from tins plunt, by a spocii'S 
of swallow, the Htrvndo escidcnta — (rchdmm cornnim is tho alque dc Java, xvliich is 
made into au iced jolly, and sold in Ningpo under tho umiio of Mm-miin ( ox-liair vege- 
table). Payou has extracted from it 27 per cent of a peculiar vcgotiiblo huliRtaiicc, 
called goloso, which he finds to possexs ton times tlie golatiiii niig poxvor of the liost 
isinglass Tho same substance is obtained from Phiaria iKhnuideh, a seaweed from 
the IrauntiUR, and in small qiniutity from several Emopcaii scawouds , it is said also 
to be obtained ftnin certain lichens giownig on trues in the aoutli of China, and in 
the southern islands of tllo Philippine Archipolugo (li 829).— ffacMs Mcchai tmis, the 
Kambon of the Japanese and the Sea-cahhaye of fiio Eiissinns, which is found in gro.st 
abundance on tho islands and shores of Eastern Asia, is used as an ingredient of soap, 
and eaten xnth fish, or boiled and eaten merely xvith salt Laminana pntalorum 
furnishes the natives of Australia with food, and serves nleo as a material for thoir 
tools and vessels ; other speeies ol the same genus constitute an importunt rcsourco to 
tho poor on tho west const of South America, to the Eiiegunis, and tho inhabitants of 
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llio country iioiir Iho SIi'.uIh of MiiRolliui irndor tlic n.mio of huU-hlii, it is largely 
oaten m Kew Zonlftud and Tnsniainii — VurviUia utili6 is used iif> food in Valparaiso, 
and by the poorer inlialnt.iuts of tho west coast of South America — Eiiehmum spcciosmn 
and Gtgaritna spectosa are oalon m Australia. 

Tho use of soawood as medicine depends partly on tho golatinoiis muttei’, partly 
on llio iodine contained in it Carragheen moss has hoen found useful in piilmonaiy 
complaints — Fucus vesievloius, hladdor-wraik or larly-wrack, is used externally as a 
friction in glandular enlargoinents, and tho juice has hoon given internally willi 
iidVautago for the same purpose — Sargassum hacinfcrum is the colohrated gulf-wood 
of tho Atlantic, tho stems of which nro said to constitute tho giMre-nticka chouod in 
South Aniorica, where that disoaso is piovalont, hut they more probably come from the 
slonis of the Lamtnarta (hgitnta. — Flocmia Mminthucoi'toa {aSsa called Gianlann 
hthenmeha or Sphtsroooccits, Gigmtina lti.lie>mdes, and Corsican moss) has long been 
used by tho Coroicans as an imiholmmtic 

i Uae m M<iitvfacturca.~&. process hns been recommended by Dr Stenhoiiso for the 
manufaetui'o of noetic acid from seaweeds by feimentation His experiments were 
conducted with some of tho fuei , these were mixed with limo, and kept moist at .i 
temperature of 00° F Ho obtained by distillation with sulphuric acid, an average of 
It) por cent of anhydrous acetic acid, contniiiiiiated with biityiic aoid. This might, 
however, he sepiirutod and turned to account in the nnimifacl uru of butyric cl lior or 
esseiioo ot pine-apple The host method would he to ferment tho phnits in pits with 
lime or olialk, at tlis ordinary temper.iture in the sniiimor, leaving each portion in for 
two or threo months, luid supplying its place by' a fresh load until tho lime was 
saturated; tho liquid would then ho pumped out, eviiporu ted to di'yaic'-s, the residue 
sold 08 crude acetate of calcium, and tho weed cairied to the m.iuuro-hckp. Tho 
whole process might be roughly and economically earned on by an agriculturist no.ar 
the sea. 

Suaweeils arc used as substitutes for horn, shell, whalebone, indurated 
leatiher, &c , in the manufacture of lavious articles One process eousists m im- 
mersing tho wend, from whieh nil oxtr.iiieous matters h.ive preMiuisly been I'emoved, iii 
a lye of caustic linio for tliieo hours, I hen steeping it in very dilute siilplnirio aeid, 
and afb'vwards ni a solution of common salt, after which it may be ninnlded into nnv 
(hsii'od farm Orfliedry m.iteiiul is ground to ponder .iiid inixul with glue, to winch 
somo alum and jiowdeusi resin are addi d, oi with eoal-tm oi hitiiiiien, and baked, then 
rolled out, or pressed in moulds Tlieslenisof 1 aminmw (hgilutu w soii-givdle) 

make oxeellent handles for biiivcs, tiles, Ae If the blade is msei'led w'lieii Ihi stem 
IS fresh cut, and the weed then .illowed to dry, it coiitiiicts, lioldiiig tho blade liiiiily, 
and presenting a brown wiinkleil uppenr.niee, .somewli.it like buck-horn 

A kind of soap may bo made, by treating some of the common seawoeds with 

Attempts have been made to use se.iweeds m tho mniiuf.ieture of paper, and for 
the production of textile fabrics , but the true iilgio aro not adaptwl for tins purpose, 
as they are destitute of fibrous stiiicturo. The seawraek, Zostou iimriHo, whieh is not 
an alga, but euiitauis fibre rescnihlmg that of tho giussos, promises better results 
when used for such purposos. 

Many se.tweeds exhibit very brilliant colours, but it does not appear that nny 
attempts have hitherto been made to utilise them Several vurioties of GrillU!i\ia 
yield to pure water a hrilliaiit crimson eelour, winch is prccipilatrd by .soluUo chlorides, 
and appe.trs to combine willi alumina and otlior nict.illie o\idis 

8 Simm'cd na Manure — Tho value of seaweed as niiunire is most appreeuited in 
the Oliiiiiiiel Islands, the “v.irec” or “iraic,”as the weed is there called, is con- 
sidered so valuable tliat spceial laws .ire entoreed for its rcgiil.ir eolleetioii .iiid fair 
distribution amongst tho iigricultuiibts, iimiiy of vrlinin use no ollii r uiaiiiirc. “ I’omt 
de s-rnic, point do Uaugiird ” inis p.issed into a leeal proverb. Tho weed is oillior 
thickly spread on tho hind, and plonglicd in fresh wifli a deep plmigli, or dried on llio 
heacli, and buiiit on the cuttiiger.s’ liearllis as fiul. tlio cli.iried ash thus prndueed 
sells at Cd per bushel for imiimro “ Drift weed” is .iKo hii'gely iisod ni Ireliiiid, ns 
the only maniiro for the potato crop, this is inteiestiiig, because the potato reqmies a 
eoiisidorablo supply of potash This alkali e.in hardly, however, ho lequirod in the 
C'lianiiol Islands, as the granitic subsoil nonhi. in disiiili'gration. fiirnisli it m uhnn 
dance, it is probably the earthy phouph.iti 8 that render the weed so tertilising thore 
This IS boms out by the fact that tho lixniiited seaweed ash, trom which tho 
alkalis have been removed, meets with a ready sale in Guernsey, mid is esteemed indeed 
richer, no doubt on iiocoiint of tho incieiised iinrecnt.ige of phosphates. Tho residual 
seaweed ash from tlic iodine f.ictories iii France is highly valued as a manure, aiiJ 
carried for lliat purpose a distance of lliirly miles from the factory. 
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Seaweed is also much used as manure in tlie Hebrides, the Isle of Tbanot, Cornwall, 
and the Isle of Man 

100 pts of decomposed and dried seaweed contain, according to Way, 65'62 per cent, 
organic matter, 13 G6 soda, 16 00 soluble salts, and 3 23 nitrogen (= 4 of ammoniii). 

4. Fo 7 the pr-Hluitwn of Kelp at Varce, us nmrces of Iodine and Patassium-salU — 
Tins p.iit of the subject has already been treated under the head of “ PoTAssiirjr -salts, 
Ma-nupactiuie of" (\y 714) Wu here give a table of the composition of the ash of 
several kinds of seaweed, ,is determined by Schwitzer, Poichhammer, and Godechtua ‘ — 


Ash of Seaweed. 
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• The high temperature to which the se.awced is exposed in the ordinary process of 
inomcration gives rise to the loss by roLitilisatum of at least half of the lodmo, and of 
a certain portion of the potassium-salts, and hkei.ise enables the carbon to lerluce the 
sulphates to sulphites, hyposulphites, and siilphit. a. winch aceiiraulate in the mother- 
liquors, and necessitate the consumption of a lacj.e quautitj of sulpluuic acid to re- 
convert them into sulphates 

To obviate these and other disadvantages attending the ordiiinry process, and 
further to economise the products, Mr E 0 Stanford jiroposes to sulpect the sea- 
weed, previously dried, to destrnetire distillation in iron retorts, ivherehy they yield 
the usual products of the dry distillation of org.vme bodies — such as hydrocarbons, 
naphtha, ammonia, acetic acid, and illuminating gas The residual elmrcu.il then 
yields, on lixiviation, a colourless solution, whieh is nearly fiee from sulphides, and 
lonves on evapor.ition a crop of pure salts and a nearly colouiless mother-liquor, con- 
taining all tins iodine and bromine of tho seaweed (For details, see a paper re id 
before the Society of Arts, February 14 1862, also Pharm J Trans. [2] in iO j , also 
Eioliardson and Watts’s Cheniical Teehnulogy, i. [3] 620 ) 

SEBACIC ACID. C"’H"'0^ = Pi/iohic amd, Schaeplsanre, 

Kiitsaui'e (TbAnard, Ann Chim xxxix IBS — Hnmas and PAligot, Ann Cli 
Phys Ivii 332 — Kedteubacher, Ann Ch Pliami xvxv 188 — Bonis, ihicl Ixxx 
303 , Xi'TU 34 — W Mayer, ilnd Ixxxiil. 143; xcv 160 — Rowiiey, ifed Ixxxii. 
103 — Oarlet, J Pharm [3] xxiv 176 — Arppe Ann Ch Pharm. cx.xiv 98, 
Juhrosh 1862, p 283, 1864, p 377 —Gm xiv 404.)— This. icid, the highest known term 
of the o.xalic senes, (i. 52), is produced —1 By the dry distillation of oleic 

acid, and of hug’s-lard and other fats coiitaiiiiiig oleic acid or oloin (Thinard, Ber- 
zelius, Bedtenbacher). — 2 Together with othei acids of tho oxalic series, by tho 
oxidising action of nine acid on f.its .‘spermaceti thus treated yields Behiicio and 
ozelaic acids — 3 Together with heptvHc or octylic alcohol, and other products, by 
distilling eastor-oil or rieinoleic acid with excess of caustic alkali. (Bouis and others, 
1 98, 111 144, T 110) 

Piepiiratwn — Scb,icie acid is best prepared from castor-oil by clistUlatioii wilh 
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fitsi'.l Dolfa (Jahreal) 1SG2, p 320) nllows 2 pta. of ciistor-oa to flow into 

1 pt of cnuatie puttiali, fuasd and miied nith a Hinull qiiiintity of wiitcr, continuing the 
ht.it till the assumes, a faint yellowish colour. On dissolving tlio residue in 

boiling water, and iiiLving it at the boiling bent with hjdrocbloric acid, tbo filtrate, as 
It cools, yields .sebacic acid in biiUcy neodlos 

The residue left in the rctnit in tho preparation of hcptylic or octjlic alcohol from 
cabtor-oil, in.iy also bo made available for the pireparation of sobucic acid. Tins 
rtsiduo IS deouuiposed by hydrochloric acid, and tho sebacic acid is extracted by boiling 
■w.itei' from tho nnxtiu’e of insoluble acids thoroby separated (Boms). Peterson 
(Ann (111 Ph.U'in cm 181) bods the residue with water , slraiiis the liquid , precipibites 
tbs other fatty acids by adding a small quantity of hydrochloric acid; then, after 
separating these by filtration, pirecipitates tho sebacic acid by excess of bydrocblorio 
acid, and purifies it by reorystallisiitioii from hot water, with aid of amiiial chiircoal. 

The quantity of aeUicie acid obtained from fats bvdiy distillation or by oxidation of 
nitric acid is very small, .mil it is difficidt to soparato the sebacic acid from tho other 
solid acids produced at tho same tune According to Arppe, spcrnuicotic iind stoaric 
acids yield sebacic acid in largor quantity tluiu other fats 

Pi ujji 1 ti<i6 — Sebacic acid crystallises in white, iiucfcous, very light needles or lamiiim 
rcbeinliUng benssoio acid It h.is an acid taste, reddens litmus strongly, does not 
lose weight at 1U0°, niidts at 127^ solidifies to a crystalline muss on cooling, and 
siibliiiiBfS at a higher toiiiper.ituro The incited acid has a specific gi.ivity ot 1317. 
Its v.apour imtati s tho palatn, and has the odour common to all fatly bodies It is 
slightly soluble in cold, very soluble m hot viaUr, dissolves very easily also in ukolml, 
ether, aiidyai oils. 

JJivom/iMit/iiiis — 1 , 'Sebacic acid heated with strong mtrie Mid dissolves slowly, 
audisooiivertcdintopyrutiirtaricaeid(Schliepor, Ann Oh Pharm Ixx. 121), sncoinie 
acid (Uarlet) , succinic, pimehc, and perliaps also adipioacid (W irz, Ann. Cli Pharm 
CIV 280), succinic and oxvpyrolie acids (Arppo Ann Ch Pharm xcv 212),iiccoi'd- 
lug to later experiments, also adipic acid (Jahrtsb 1802, p 377) — 2 Hibaeir iicid is 
uttaeked hy i>intathlvnJe of jihosphoius, with foiniatum of liydnii'lihiric acid gas, 
phosphoric Oxjdiloiide, and sobucic niibydrulc (G-iudiurdt and Chiii//a, ('ompt 
lend XXX lOoO) — 3 CMoi'me auis on sebacic iicid only iii simsliinc, lonniiig two 
.)ellow siibstmition-products, 0"’I['’C10‘ and which lire pasty at menu 

t( mporat lire (Car let) — 4 'hia calomm-sult oi sebacic acid, Mili]ccl(dto(b.i/(/M(:i//«- 
fioa, gives off hydrogen gas, and yields an oil boiling hel.weoii 80° and 200'^. — On 
rectifying tins oil, illiquid passos over between 8ii° and 0(1°, which has a pleasuiit 
etluneal odour, and iippo.ira to be prapioiiie aUli hyde, — then, between ld0° and 200°, 
conauthol (xii 116) distils over(Calvi) Wlioii sobate of tsilciiiiii is distilled wilh 
ext-ess of hmr, sebacin (p 214) is obhiiiied. together wilh an oil biulnig betwis-n 80° 
and 280° Tho latter, when rectified, fiist yields u product winch, wlieii liv.ited with 
nitric .loid, forms nitrohenzeno, and is therefore piohahly benzene — then, bitw'uen 00® 
and 100-', propionic aldehyde — and at 1 60° naiaiithol, in.isiiiiicli .is the perilous which 
distil at these tempeuitiu-es form, with iiitiic arid, propionic and (ciiaiitliyhc ueuls 
(Petersen, Ann Ch. Pliarni. ciii 181). By distilhiMoii with c.ic(ss o/ hari/ht. 
sebacic acid yields carbonate of barium and a liydioe.irboii. boiling between 

12.1° and 130°, cluelly at 127° (A lliclio, n6p Chiin pure, ii 127) —6. Wlien alco- 
holic sehiiclo acid is troiilcd with hi/dvuhlouc mid i/m,, an oil is piodiiced, which wlicn 
treated wntli ammonia forms seb.iimdo and slIiiicic acid, and is tlieiefoic probably 
a mixture of neutral and acid etliyl-sobaeic other (Rowuoy ) 

Sebato.s — i8ebaoic imid is dibasic, forinmg aeid and neutral sails The seli.itcs of 
tho alkiih-mctnls and allcahne carth-melals arc sohihio lu water, the restare obtained 
by double dcconipo.sition All tho acid sebatos, excepting tile animoiiiuiii-siiJt, decom- 
pose with great facility.' 

The neiiti al ammonimti-saU is very soluble in water, cryst.illises cimfum dly, uiid gives 
off.unnioiimin drying. By dry distilliilion it yields selianiie iicid(lf run t) — 'I'lieHCK/wi/t 
forms plumosn erysfiils, slighlly soluble in nlcoliol — The yioAMww/M-vdA (d"'Il"'K“0*, 
crystallises fi om concentrated solution iiismill noilules, i cry soluble in water, iioii- 
deliqiiesccnt, slightly soluble in absoliile aleohol — Tliu soihu in-.salt is hiimliir, lint less 
soluble 111 water —The ertAi«m-s«/i(, ()'<'II'“Ua"0* (at 100°) is but slightly soluble in 
water, and is obtiuiicd by precipibition. Prom a dilute solution it eryslalliscs by spiin- 
taueous evaporation, in white, shilling, very thin sailes — The toppi r-sn/t is agreeuisli- 
bluc precipitate. Tho mother-liquor, wlieulefl to evaiiorate, yields, on llie siiifiice .i 
green crust of ci'yst.alhne grams Tho 6.ilt, when healed, molts befoiu ileeompiisiiig — 
The /otic anZtis a flesh-coloured piecipitato, w-hieli is decomposed hy i.iiboieil e of 
aminonuim, part dissolving with red colour, wliilo the lost is cli.inged iiilo .in insohiblo 
basic salt. The neutral salt melts when heated, ami then decomposes w ilh inliiiiies- 
cence.— The Uad-saU is a while precipiitatc, coiivcrtul by iiiiiiiioiiia into a b.isic sail. 
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The mei cut oub salt \H Dljtainefl, asaprecipitate, by treating merctirous nitrate either with 
eebacic arid or an alkaline eebate — The silver-salt, C'“H'°Ag’0', is a white, cnrdy, 
nearly inaohiblo precipitate, obtained with nitrate of silver and an alkaline sebate When 
heated in a tube it yields metalhc silver and a white cry,stallme snbbinate. 

Zpomnelo acid. An acid, isomeric -with sobacic acid, produced by the action of 
mofleratelji strong nitric aoid on convolvulie acid, convolvillinohe acid, ]alnpin, jidapic 
acid, or j.ilapinohe acid. It resembles sobacic acid in most of its properties and 
reactions, but melts at a lower temperature, vis at 104° The. acid and its salts 
become electric by fnction Tho preeipitate formed by ipommotfi of ammoimim 
with ehlorido of calcniin is amorphous at first, and becomes ci^'St.illmo only after 
standing for some time, whereas tho coriespoudmg precipitito formed by sebate of 
ammonium, IS crystalline when first formed (W Mayer, Ann Ch.Pbai'm. Ixxxiii. 143 , 
xcv 160) 

SBBACIC ETHKBS. Methi/hc Sebate, or Methijl-sehaoio Ether, 
C'E^-O^ =! C‘"H‘“t01I’)'*0', 18 obtained by pr.idaally adding methylic alcohol to a 
solution of sebacic acid in strong sidphtiric acid, agitating the liquid, and cooling the 
vessel with cold water Tlio ethoris then precipitated by addition of water, waslieil first 
with alkaline, then with pure water, and crystallised from alcohol It melts at 25 5°, 
and nystaUiscs in fine needles on cooling It is heavier tliau water when solid, hut 
Jighteiin tile melted state It has a rer^ faint odour; hoilswithunt alteration at 
286 IS decomposed by potash into potassic sebate and methylic alcohol ; and is con- 
verted by ammonia into sebimide. (Oarlet, Compt rend, ixxvii. 130.) 

Ethylio Sebate, or Elhi/l-sehaoio eihei, C'^H=»0< ^ C''>H'»(C'-H»)*0<, is easily 
prepared by dissolving sebacic and in a small quantity of alcohol, and saturating the 
solution with hydiochJoric ncid g.is The chloride of ethyl formed at the same time is 
expelled by a modeiate heat , and the product is w.ishod with water containing soclie car- 
bonate, then dried over chlonde of c.nlcmm, and rectified. It is hqnid above — 9 lights'c 
than water, has an agreeable odour, .ind boils at 308°. It is insoluble in cold water, 
but dissolves easily in alcohol Ammonia converts it into sehamide (Eedtenhnohor, 
Ann. Ch Phiirm xxxv 193 ) 

The acid sebates of ethyl and inethjl Inivo not been prepared , but they are doubtless 
formed, togethorwith the neutral ethers, by the action of hydrochloric acid gas on tliii 
alcoholic solutions of sebacic acid, in.isimich as these solutions, when treated with 
ammonia, yield sebamic neid us well us sehamide. 

) 

DtSli/eeri/he Sebate or Schin, = (C«H‘«0»y70«. - Produced lu 

i 

small quantity as a crystiillisablo solid, by heating sebacic nuid with glycerin to 200° : 

+ 2C*E“CP = + 2H‘0, 

more abundantly, together with ehlurhydnn, by the action of hydiocMoric acid gas c.i 
a mixture of sebacic acid and glycerin heated to 100°. As tlnis.obtiuned, it is hijuid 
Ht first, but after drying at 120°, solidifies piiitially after a few days, and eomploti ly 
at — 40°. Itgiveson acrolein when heated. Oxideot lead converts it into sobacic aoiil 
and glycerin With alcoholic liydrocliloric acid, it yields ethyhc sobato and glycerin. 
(Berthelot, Auu.Oli Phys [3] xli 293 ) 

SSSBAClir, — A hydrocarbon obtained, together with propionic aldehyde, 

ccniiuthol, and a small quantity of benzene, by tho dry distillation of calcic sebate 
mixed with excess of lime It partly eondonses, as a solid fatty mass, on the sides of 
tile receiver and the neck of the letort, and partly separates fiom the liquid pniduet 
when loft at rest When purified by solution iii oil of vitriol, precipitation with water, 
and rocrystallisatioii from alcohol, it forms nearly colourless laminio, wliicli easily cake 
together. It IS tasteless and inodorous, lighter than water, molts at 55°, and volatilises 
at a toniperntiire above 300°. It is insoluble in water, easily soluble in alcohol and 
other, dissolves uith red colour in ml of vitriol, andis preeipitatf d in its original stalo 
by water It is scarcely altered by nitric acid or caustic potash. (Petersen, Ann. Cb 
Phaim. cm. 187 ) 

SEBAMIC ACID. C'»n‘“NO« =. (C'-ffW)'!" (Eowney, Chein. Soc Qu 

IV 334 — Kraut, Gmehti's Handbook, xiv, 601 ) — Pioduced. 1 By the action of 
ammonia on ethyl-sehicic .leid (Kowney) — 2. By tho dry distillation of neutral 
sebuta of ainmouinm. (Kraut.) 

Pieparafton — 1 The oily mixture of neutral Beboeic ether and ethyl-sebneie acid, 
obtained by the action of lijdroelilnvio acid gas on alcoholic sebacic acid, is digested 
with sti-ong aqueous animoioii for SCI oral weeks in a closed vessel, or till the oil is 
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cnnvorlt'd into ii grainilnr mass, thn bolinmide which .separates from the liquid contiiin- 
iiig scb.imic HCid heiiig removed by filtnition, iind washed to free it from motlier- 
liquor. The facveriil portions of liquid ore then united and concentrated over the wator- 
Imtli , tliB hobainie acid is precipitated by hydrochloric acid, washed with cold water, 
and dihsnlved in dilute aqueous ammonia, which still leaves a small quantity of soba- 
mide undissolvd , the solution filtered therefrom is again precipitated hy hydroclilone 
acid ; and the resulting precipitate, after being washed, is purified hy recrystallisutiou 
from water (Howuey). — 2 Neutral sebate of ammonium yields by sunple distillation, 
first a colourless, then a yellowish empyreiimiitic distillate, which is to be dissolved m 
ammonid, filtered from a small quantity of oil which separates, and precipitated with 
hy drecliloric acid The precipitate is washed with cold water, and recrystalUsed from 
boiling water (Kraut.) 

Praysrfirs,— Sobamie,^cid forms rounded granules (Bowney); a white, ciystalline, 
pidvcrulmit mass (Kraut) Hus an acid reaction (Bowney). It is sparingly soluble 
111 cold, easily in warm water, alcobol, and ammonia. When boiled with calcic carbo- 
nate, it gives off carbonic acid, and forms a culcium-salt, slightly soluble in water 
(K raut) The solution of scbamic nmd in ummonia does not precipitate the alkaline 
eiirtlis; it precipitates rtcefate 0 / fcad, and forms, with nitiate ofmlviyr,a precipitate 
soluble in amiuoma .ind in nitric acid (Bowney.) 

tSebamic acid gives off ammonia when boiled with potash (Bowney). — The 
sodium-salt brought in contact with cldunde of baizoi/l, yields chloride of sodium and 
an oil, which may bo dissolved out by other, is left behind when the other ov.iporates, 
givts off ammonia when fused with hydrate of potassium, is insoluble in water and 
ammonia, and when washed with nimnonia, gives up to it only a small quantity of Aec 
acid. (Kraut.) 

SEBA.MXSB. C’lH^NW = (0‘"H>"0-) (Bowney, too.ct<.—Oarlot, 
Compt rend xxxvii 123 ) — ^Produced us just described from etliylic sebate, or in lilco 
iTiaiiiier from niutliyho sebate, and piuuflod by wo rocrystallisatious from olcohol It 
is neutral, and forms bard loiinded granules composed of mierosoopio needles, insoluble 
in cold, 11101 loi'iilely soluble in boiling water , insoluble in .unmonia, slightly soluble in 
cold alouliul, very solublo m boiling alcohol By water it is gradually converted into 
boh.ite of .inimoumm It is not attacked by potash in the cold, but gives off ammonia 
when boiled tlieiowitli 

SBBm. Diglycorylie Sebate. (See Sebacic Ethehs, p 21 i.) 

SBCAI.B OERI3A3iB. Bye. See Cdreai.s ( 1 . 823). 

SBCAIiB COaNUTUni. Wigot — These names are applied to several fungi 
growing on the ears of grasses They differ 111 stvuetuvo and in chemical compositiini 
according to the plant on whieli they grow Bamdohr (Areh Pliarm oxxxi 17U) has 
examined the ergots from rj 0 , from barley, and from Brumns seoahmis, .md finds that 
they differ in the proportions of organic Biibstiiiico, water, and ash contained in them — 
also in the composition of the organic substance and of the ash, hut the diffeveuees 
are not important (See tLmdw d. Chem. vu. 732). Roapeoting the detection of 
ergot in rye, see Rvb (p 111). 

SBConBAKY ABCOHOXiS. This term, with its correlatives, primary and ter- 
tuuy alcohols, has been employed by Kolbo to express certain difforeiices iii the inim- 
ner in winch the carbon is linked together 111 the alcohols. 'These three tonii.s are 
borrowed from the nonioiielatm’o of the compound ammonias (Ann. Ch. Phanii. [1801] 
Ivi. 102). Thus svo have — 



Just as m ammonia thorn are throe atoms of hydrogen capable of replacement hy 
radicles, so in methyhc alcohol there are three atoms ot hydrogen capable of ropluco- 
ment hy radicles. 'This par.illel must not, however, bo followed too far, inasmuch as 
whereas Nff takes Up HCl (equal to IP), CH'* can oiiiytukeiip Cl or OH (eqiul to H). 
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Tlie aleoMa olitamcil by fermentation, tlie so-called normal aleobols, are believed to 
bo of the primary class. The alcohols obtainodhytheadditionof hydrogen to the ketoni'S 
are secondary. A tertrary alcohol appears to have been obtained by Buttlerow and by 
AVanklyn. 

The following formula; exhibit the structural differences in the tliree classes of 
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On inspecting these forniulse, it. appears that there cannot be a secondary ethylionleo- 
luil, and that neither etliyho nor prnpylio alcohol is possiblo in the tertiary senes 
The experimental evidence of the existence of these different kinds of Bti'uctiiro in 
different alcohols may be sot forth as follows 


ffiticsia of the Akohoh of the 1‘nmaTii Ty^e. 


Starting with CH“Na and CO^ we get — 

(C(NaO)O" 

pjH 

(h 


wherein the sodium which saturates one quarter of the one atom of carbon is replaced 
by an equivalent of the other carbon, whilst tlio sodium goes to sAturate li.ilf of one 
of the atoms of oxygon winch existed in eombination in the oarbome anhydiido On 
diaUlhiig togetlier GH“G(HaO)0" and formate of sodium, there is produced oldeliyde 
and carbonate of sodium 


fg;NaO)0'' / 

"li " "lo" “ 

This reaction consists m intorchange between (NaO) and 
(aldehyde), we add nascent hydrogen, niid get ; 


H Arrived at CffCHO" 



fOHn(OH) 

A?i I 


From alcohol we get iodide of ethyl , from iodide of ethyl we get zinc-othyl, and then 
sodiiun-cthyl, CH^OH’Ha Acting upon sodmm-etliyl with carbonic anhydi'ido w® 
got.— 


/CH-Ha 

(i 


(CH^C(NaO)O" 

,JH 

'IH 

Ifl 
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The aorapound last formulated is the primary propyhc alcohol. Now, if the 
mechanism of those relictions he studied, it will bo apparent that the last atom of 
carbon which is juiuod on to the group is that which is ultimately combined with the 
peroxide of hydrogen We add CO* which goes through the stages, c 6 (ONa) j’ 
cSHj, and CH(On)n 5 . 

If the forniuhe of the primary alcohols be examined, it will appear that one of the 
chief oharactmstio structural features of these alcohols is that tho atom of earhon 
ivhioh is 111 oombin.ition with the peroxide of hydrogen is in comhnmtion with only one 
atom of oiirlinii. This condition is s.iti&licd by tho alcohol rosulting from the senes of 
Tcaetions above given It is supposed, hut has not been proved, that the alcohols result- 
ing fiom tho fermonhitiou of sugar arc identical with those given by the synthetical 
method 

Genesis of the Mcohols of the Secondary Type. 

Tho formula of a secondary alcohol requiros tliat the same atom of carbon which is 
in comhin.ition witli peroxide of liydrogen sliovild be in union with two atoms of carbon. 
'I’his coiuUtion IS satisfied by forming an idcohol by tho addition ot hydrogen to a 
(■R 

Icelono. Tho constitution of a ketone is this— as is shown by tho general history 


If then we take a ketone and operate upon its oxygon with nascent hydrogen, the 
resulting alcohol most eoiitam an atom of carbon which is in direct union with peroxide 
ot hydrogen, and ivitli two atoms of carbon, eg.— 


The known examples of secondary alcohols ore a pseudo- or ahiiormal propyhc 
alcohol, obtained from acetone and nascent hydrogen, .md by attacking glycerin witii 
liydriodic acid, and then decomposing the rosulting ahiioriiial iodide of isopropyl with 
.ilipi'opriato reagents — a pseudo-butyrie aleohiil, a pBCudo-umylic, and a psoudo-hexyhc 
alcohol the last-named being obtained from glyeoriu 

Genesis of the Mcohols of the Ihtmry Type 

Inspection of tho tormiila of a tertiary .uleoliol will levenl tho fact tliat a tcrtiaiy 
.ileoliol must contain an atom of caihon which is in union witli one atom of peroxide of 
hydrogen, and three of carbon Tins strnetnral peenlianty has been realised by 
Buttlcrow, who niaclo chloride of acetyl act on mne-othyl as follows . — 
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The action of water upon the latter compound gives hydrate of zinc and the terliiiry 
alcohol ; — ■ 


(o|) 
c. c® + 



la the reaction botwean earbonio oxide and sodium-ethyl there appears to result a 
eertain quantity of a tertiary alcohol, as follows. — 

cO" 

CO + 2NaO’H» ^ W + C-^C®. 

(C-ff 


rO” 

(C»H» 


NaC^H* 





NuHO. 


The characters of the tertiary alcohols are almost unknown The secondary alcohols 
boil at lower temperatures tW the corresponding primary alcohols, and oxidise into 
ketones instead of into aldehydes They are apt to evolve theu' olefine. 

SSCOKTDAB? AMIBES and AntllTBS. Compounds derived ftom a single 
or multiple molecule of ammonia, by the replaooraciit of two-thirds of the typic hydi'o- 
gan by acid and basylous radicles respectively (i. 170, 174). 

SEIonrSTTB SAIiX. Sodio-poUssio tartrate (^See TanTiiuo Aoin ) 

SEliABOKTIXE. Syn with Gbeen EiUiTH (u, 944 ) 

SEEBIXE. An ash-grey or black silver ore from Wolfnoh in Baden and the 
Mexican mines, where it is culled Plata Azid. It is said to consist mauily of silior- 
cai'honate, but is probably only a niixtui-e 

SBEEWAiDlNB, C''fl'''NSe’ aVohler mid Iiiebig, Ann. Oh. Phann Ixi. 
14 ) — A base analogous to thialdma, produced by the action of selenhydric acid on ulde- 
hytlate of ammonium To pi eparo it, the gas is passed into a rather eoucoiitrnted 
aqueous solution of the ahh-hydate, in an apparatus from which the air has boon expelled 
by a current of hydrogen; and when the liquid has deposited cryst.ils of seleiiiildiue,tho 
excess of selenhydric aeid gas is Ulcewise expelled by a current of hydrogen The super- 
natant hqiiid containing seleiihydrate of ummouium is tlion displaced by a streiun of 
cold do-aerated water, aid the crystals are collected on a filter, presstJd, and dried over 
oil of vitriol. 

SalenaJdine forms small colourless crystals, probably isomorphoiis with thialdino, 
having a faint disagreeable odour, and slightly soluble in water, easily soluble in alco- 
hol and ether, but not crystnllisable by evaporation in a vacuum It is easily deeoin- 
posed by bent, giving off a fetid gas, when boiled with water it also gives off a very 
fetid siiDstaiice, and deposits a yellow powder. Its solution in water, alcohol, or other 
yields aldehydato of ammonium on expoauro to the au', and deposits an orange- 
coloured amorplious powder, which is insoluble in alcohol and ether, melts to a yellow- 
I'cd mass in hoilmg water, and yields by distillation a very fetid oil containing sBlenium 
Si'lenaldino dissolves in dilate hydrochloric acid, forming a liquid which is precipitated 
by ammonia and decomposes qmctly, depositmg a yellow powder, and emitting an 
offensive odour. 

SBEEirARSIE'. Syn. with Sblbkidb of Cacoote (i. 408). 

SEEBNEXHTE- (G-H“)'-S6. Already described as Seleitoib of Euim, (ii. 

SEEEWHVBBIC ACXB, BFSo. Described as SaLEinDB or Hybuooen (iii. 
202). It may also be prepared by heating selenium in a slow etreara of pure dry hydro- 
gen gas, forming easily as soon as the selenium assiunes the form of vapour. It de- 
composes at higher temperatures, remams gaseous at — 18'’. (TJelsmann, Ann. Ch. 
Phoim. cxyi 122 ) 

SBEEiriC ACID- Seo Selenium, Oxtqen-aoids qf. 
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EEI.SWi:B33S iina SBaEWH-SrUHATBS. Selrumm iinitos, wilh metils imd 
With iilculiol-radiclcB, forimng compouads audlugous m eomposition, proportioa, and 
nioilo of formfitiou to tlio Bulpliidos 

]V1 e tall le Selen ides aro oblained in tho dry state- — 1. Bydireetlyfusmgthe metal 
w-ith selenium, the combination being often attended with development of light and 
heat, not so vivid, however, as in tho combination of sulphur with tho same metals, 
also hy heating tho metal in vapour of selenium — 2 By piecipitating most of tho heavj 
metallio oxides dissolved in acids, by means of selenhydne acid, or of a dissaolved 
selemde of an alkali-meUl, or by heating a hydrated metallic solemde. — -3 By heating 
selenium with metallie oxides or their carbonates, whereby part of the selenium is 
converted into aeleniona oxide . thus, the aUcahs fuse 1 with selenium produce an 
tilkaliiie selenite and a metallie selenide (Berzelius) —4. Byigmtiug selenites or 
seleiiates with hydrogen or eliarcoul 

'file solenldes of the alkali motals have a rad or, if tlioy contain excess of selenium, 
a dark red-brown colour, and tlie hepatic taste and smell of the corresponding sulphides. 
Their aqueous solutions, which may be obtained by pussing selenhydric acid gas into 
solutions of tho oaustie alkalis, are colourless when pure, but are gradually coloured 
red by fri-o selomum held in solution. On exposure to the uir, they decompose, with 
deposition of crystalline selenium. Wlieu selenhydric acid gas is passed to saturation 
into a solution of caustic alkali, a solenhydrate of tho Skali-metal, t ff. KHSe, is 
produced 

The selenidos of tlio alkaline earth-metals are flesh-oolonved, insoluble in pure water, 
but soluble in aqueous selenhydric acid ; in their other ohai-ncters they resemble the 
solenldes of the alkali-nietals The selenidos of the oarth-motals and of manganese 
and zinc are also flesh-ooloured and insoluble in water The other motolho aelonides 
are mostly dsi-k-coloiirod, and exhibit the metallic lustra • they are generally inoro 
fusible than tho metals which they contain. When they are heatotl to rednesa m tho 
air, tho soloiiuim hums slowly witli a roddish-blno flame, and au odour of horaerodish. 
yelenium is, howovor, more diffloidl to drive off by roasting than sulpliue. • The selo- 
uldoa are less easily soluble in nitric acid than the pure metals , sclcmdo of moroury, 
almost insoluble Oliloriiic, with tlio aid of heat, converts them into chlondo of solo- 
nmm and iiiotallic cbloiido Iloatod in hydroelilouo ucid g.is, they yield metallio 
clilorido and srli-nhyih-ic acid. 

Some nil tiillio solomdos ocoiu- in nat lire ns i-aro mmor.il.s, or as impiu-itios in sul- 
phides SlIohiiIo of eoppni- occurs as berzoli.imto at Skiiki-nim m iSwcden, and near 
Lelirbiich in tliu H.irt-z ; soleiiido of lead, and selenide of lend and copper, ns claustlui- 
litn, at Cliiustliiil, Tilkcroile, Lelirbaeh, and other localities in the Hiiitz , soleiiido of 
lead and moreury us lelirbaclnto at Lelirbaeh, selenide of silror us unumauniLo at 
Tilkercdo , selonide of silver mid copper, ns cucairitc, at akrikovum 

'J'lio selonides and solenliydrates (selemum-meicaptiuis) of tho alcohol radicles 
aro volatilo fetid liquids rusenibliiig tho corresponding sulphur-compounds. Tho etliyl- 
nnd mcthyl-cumpouuds are the only ones yet obUinod (ii 6U, ui 990). 

SBlEKriOCYAOTATES. ONMSo = CyMSo and C^N^ArSo-* = Cy«ArSc'h— 
Tliese eorapiiuiidti, tlio analogues of the eulpliocyaiiates,wero diseovcrej in 1820 hy Ber- 
zoluis (Schw ,1 XXXI. 60;, .md have been moro fully examined by Croekiis(Lbeni 
Soo Qii J IV. 12). The potnssniin-salt is oblinned by fusing ferrocyanido of potas- 
sium with selomum, Tho solution of this salt mixed with aeotate of load yields n pro- 
cipitato of helonioeyanate of load, which when doeomposod hy siilphydne acid, yields 
a soluliou of liydrio Boloniocyanate, or solomocyumeacid , and the otiioi- soleiuocyiin.ites 
aro obtained by iioutrali.sing tlio iicid with buses, or hy piecipitatioii, according us they 
are solublo or insolublo. 

Sclemoci/itaate of Amnwnmm is a soluble very doliquosceiit salt, crystallisiug m 
niinuto ueedles like tho potiissiiiiu-salt. 

Tho hanu7n-!tuU is oblainod, but not in deflmto crystalline form, by dissolving car- 
boiuilo of b.uniiniii tho aqueous acid, iiud ovapui-atmg in ii iiicuum — Tho 0iUam?it-3iilt 
erysLallises in groups of stelluto needles, tho st> utHnim-nalt m flnft jirisnis. 

Cuinw ikkniuc-i/unuti! — Selouiocyaii.il oof potassium added to cupric sulphate throws 
down a brownish preeipit.ito, which is pioh.ibly ouprie solciiiooy.inate. It is rapidly 
decomposed, ovoii at ordinary temper.itures, yielding black soloiiide of copper, with 
sepamtiou of suleiiby dric acid (Ci ookes ) 

Iljldi'ic Sclentuci/uiuite, or Selaiioc ^aiiic Acid, CNUSo = CyllSo, is prepared by 
passing a rapid stveum of sulpbydrie ac-id gas through ti warm aqueous solution of 
aeleniocyanuta of loud in which the s.imo salt is suspended in a state of flue division , 
heating the fllti-ato nearly to hulling to oxpel the oxooss of siilphydne acid, and again 
tiltenng, to separato a small quiiiitity of proeipitati d solemura The solution tiius 
obtained is .strongly acid, and easily dcooiiiposed by boiling or by exposure to the air. 
It canuuL bo euiicontiated without docompositioii oven ui a iiiciium uior oil of vitriol. 
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The addition of almost any .icid caiisos an immediate precipitation of selouiiim, liydro- 
cj.mic Acid I’omaiiiing in solution It dissolves zinc and iron, ■with evolution of hydro- 
g>'n, and decompubcs mrhonates. 

Feme Selentaoyanate — TI10 rapid decomposition -wlneli soleuiocyanic acid undergoes 
in contact with stronger adds, prevents the formation of any red colour with feme 
salts by double decomposition. Neither, according to Crookes, is .1 lerrio fichinio- 
cyaniite obtained by tieating feme oxide with seleuiocyaiiic acid, selenium being 
immediately precipitated On one occasion, however, jn prep.irmg seleiiioeyanate of 
potassium by the process described below, the fused mass having been treated witli 
absolute alcohol in a well-closed flask, a deep blood-red filtrate was obtained, the 
colour of which soon disappeared on exposure to the au-, ivitli deposition of 
si'leniiiin On other occasions no colour was obtained, the iron always remaining as a 
black powder, chiefly consisting of carbide of iron 

Sdcmocyanaie of Lead, CWPb"S- =■ Oy'Pb"S^— Scdeniocyanate of pohissinm forms, 
■with iieetate of lead, a lemon-yeHow precipitate, which dissolves, with slight decompo- 
sition, in boiling water The filtered eolntion, which is neiil lal to test-paper, deposits, 
on cooling, beautiful lemon-coloured needles, which are insoluble in alcohol The salt 
may be healed to 100° without decomposition, but assumes, when moist, a sligiit pink 
tint. The crystals are extremely light. (Crookes) 

Sehniocyamte of Magneuxim is soluble, and dries up to ft gummy mass ivppareutly 
destitute of crystalline structure. 

Me>cuno Selonoei/anaie with Menurw GlUmde, C’N'’Hg"S2,Hg"CP.— Obtained by 
ftdeUng an excess of mercime chloride to seleniocyanate of potassium When strong 
solutions .are used, the whole immediately solidifies into a felt-like mass of yellowish 
crystals, these, after washing with ■water, are purified by reorystallisution from 
iileoliol. The crystals .ire but sparingly soluble lu cold water, but dissolve more 
readily lu hot 'water, still moio lu alcohol and m dilute hydrochlorio acid, the hitter, 
however, separ.it&s seleuium after a while. Nitric aeid and aqim-regia dissolve the 
double salt entirely, the liberated selenium being immediately oxidised. The crystals 
lire anhydrous, and m.iy be heated to 100° without decomposition , above that tempera- 
ture they are decomposed, intumesciiig in a remarkable manner (Crookes) All 
attempts to proihioe the simple seleniocyanate of mercury failod, the double salt just 
deaoi ibcd being always produced 

Sduiiocyanateof Fotaseiiiai, CNTCfSe = CyKSo — ^Prepared hy fusing 1 pt ofselenniin 
with S pts, of dry ferrocyauide of potassium in ft small retort , digesting the reaiilting 
groenisli-black mass with .ibsoliite uleoliol , and passing coi'bonio anhydrnlo through tlio 
solution to decompose cytimde mid cy.iuiite ol potassium, and preoipitate the potaasiiiin 
in the fonn of acid carbomito (a salt which is quiti' insoluble in absolute alcoliol) Tlio 
alcohol is then distilled off, together with the hydrocyanic and cyanic acids; and 
the watery extract of the lesidue 13 left to erystillwo m-uo over oil of vitriol. The 
foiTnatimi of the salt is expressed by the following equation • 

C»N“KW + Sc* = fCNKSe + FeC» i- N». 


The residue in the retort consists chiefly of carbide of uon, together with undecomposed 
yellow prussiate, and traces of selenium (Crookes) The salt may .liso he prepared 
by dissolving seleiniim in aqueous cyanide of jiotassiiim (Wiggors W ohlcr ) 

Seleniocyanate of potassium ciystallises lu needles, having the s,vmo form and taste 
us the sulphoeyanato. It is very deliqueseout, and oven more soluble than tint siilpho- 
cyiimite. Its solution is decomposed even by weak acids, depositing srlmiuim and 
giving off hydrocyanic acid The crystals are strongly alkafiue to test-paper, and 
produce weat reduction of tomperatiire ■when dissolved m water. They may be heated 
uithout decomposition in close vessels; but if the air has access to tliem, tlioy altor 
when heated a little above 100°. 

The sodinm-bidt, obtained by neutralisation, is very soluble, and when evaporated in 
a vacuum, crystallises in small foliated crystals 


iiileimcyanaie of Silver, ONAgSe.— The potassium-siilt forms with nitral 
a ciiidy precipitate i-esembhng chloride of ailvor, hut if the silver-solut 
viously mixed with ammonia, the soleniocj unate of silver is precipitated 11 
minute, satiny crystals. Tins yilt blackens readily on exposure to light , is i 
wati r, and very eparingly soluble in cold dilute acids. It is instantly dcco 
beiluig^witli strong acids , and unless oxidising acids are used, selenium is p 



Mi»mcya«nfco/Z»ic, obtained by dissolving either the metal or Its oxide in selu- 
iiocyanic acid, forms groups of prismatic needles, which are not dchquosceut 
SEIiEin'XOCYAnriC acid. Syn. with Hynnio SniumooVANATB (p 219). 
33EI.EariOCTAWSC AWHVDBIDB. C'N’Sa «= & ( Se-Produced by the 
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action of lotliile of cyminwon on solinioc}.inato of bilvur It is a I'olatiln ci'ysMllino 
Ijody, closely analogous in all Its properties and rruclions to aulpliorj unic anliydralu 
(jb; (Linneinanii, Ann Oh Pharin csx 36.) 

BBIiBSriOC'2'AKriC jaTHSSEtS. Tlio only one known is the allyhc ether, 
CN((J’H‘'JrSp, iiiml.igons to volatilo oil of mustard, ivhich is obtained, though not qiuto 
pure, by eoliobating 1 at. beleiiiocyanato of potassium m alcoholic solution with 1 .il 
ally lie iodide fin twelve hours, then distilling, .ind mixing the distilUito with water. 
Ally he .selenioeyaniito then separates as a heavy yellow oil, which may ha obtained 
colourless by treatment with chloride of calcium and rrctitleation, but doss not exhibit 
a constant boiling-point (160° — 181°) Thn portion boiling at 160° pave by aualvsis 
38 5 per cent carbon and 42 per cent seleuiiim, whereas the formula requires 32 t! 
and 61 4. The coiiipoimd has an extremaly otteiisive alliaceous odour, and wdieii expiosed 
to the air, gradn.illy turns red from separation of seleiiuim Itdiftbrs from the sulplio- 
cianate ui not intlammp tho skin, and not fornimg a erystalliiie eoinpoiiiid witli 
ammonia. (Wohler, Ann Ch l^harm. eix 125) 

, SESaSlIiriOHJS ACIIB. See Selenium, 0xYOEN-A.cn>3 of (p 226) 

SSIiENITS, Crystallised iintivo snlpliato of caleinm (See Gypsum, u. 962 ) 

szsTjBZfXTZls. See fiEi.r,Nnrat, OxYGEN-Aoros op (p 220) 

SKliXilirziinKC. Atonac ivnyht, 79 6 Symbol, Se. — ^An elementary siibstniico belong- 
ing to the oxygen-group, and occupying the intermediate place between sulphur and 
felhirmni. It is closely allied lu its properties to sulphur, and oftim associated wi(h 
that element in tho mineral kingdom It was discovered by Ber/olms in 1817, in the 
ri'tiiso of a sulpluu'io neid mamifiictory at Clripsliolm near Ibihliin, in Sweden. Tlionph 
not an abundant element, it enters into the composition of many muievals. It oeeiiru 
in tho froe state at Oulebras in Me.\ico, in crystals, winch, accordinp to Mitscherlieh, 
urn niniiiiclmic, and 111 greyish or browiiish-blaek iiici lists tious haring a submetalln; 
lustre * Selemtes of cadmmm, coiipei, non, cobalt, nickel, lend, silver, ami inoreiirv, 
are also found native (p 219) Seleiiuim frequently occurs us an iiupurity in iv.vtno 
sulphur, as at Viileano, one of llic Lipari Islands, mid m nirtiillie s’llphidos It oeciiis 
to a gre.iter or loss extent in tho iron pyrites of cert.im Idealities, p.irtieularly at 
li’iihlnii 111 Hweden, anil at Kraslila and Luekiiwilz iii Bohemia , also in some forms of 
Ooiiper pyrites, those from Rammelslicrg and Anglosea, for inst anen , and oeeasionully 
111 Hiimll qii.intifies ashociated with tho siilpliides of load and inolyhdcinim, also m 
tiiUuriuin-oros, and in pitchbendo from .Tohaiigeorgeiistadt iiiid Rclineehorg Q’hu 
principal sources of selaiiiiim aro tha double soloiiido of lend and copper found at 
Clausthal and other places in the IlaiU, and the deposit which oeenrs in tho leaden 
ohambers of coitain iitriol works, whera seleiiitorons snlphiir or pyiites is bariied 

I^rrparution — 1 From the eiipropliimhie selenides of tho ll.irtz The luilvensefl 
ore IS treated with hyflvoehlovic acid, to dissolin the eiiithy carbonates, and tlie washed 
and dried residue is ignited for some time with an equal quantity of black flux Tho 
selenium is thereby converted iito seleiii.'o of potassium, which by tieiitnient with 
boiling water is dissolved away from the oxides formed al thn same time This solu- 
tion, when exposed to tho air, ab.sorbs oxigeii, and yuhls the soloiiium us a grey 
di posit, whieh is wasln d, diied, and distilled 

2. The seleniferiiits deposit from certain litriol works, as those ne.ir Fulilnn, is 
mixed with nitrate and earboiiato of potassium, and dcil.igratod in a rod-hot euicilile. 
'flic residue, cont.iiiiiiig sclenate of potassium, is trciitixlwitli liydmeliloneacid, and the 
whole IS evaporated down to .1 small bulk, wlmreby a ndneiiig lutiuii is set up, and 
aeli'Uiou.s aoul i.s lilioraleil, and on satumtiiig the lK|iud with sulphurous acid, and 
heal ing it to till! boihiig-pomt s.leiuum is deposited in lod aiiiiirplioqs flakes. For 
further dot.iils rcspeeling hotli these proeessrs, see (Imehiii, Ifinidktil, ii 232 

Another method of ohUuning selenium from the dejmsit of tho sulplmvie acid 
olniinliers, rccomniciided by Liebe (Arch Fharni ci. 26), is lo treat the ileposit willi 
nitronuiriiitic acid , expel the excess of this iicid by heat, .liter addition of Miliiliurie 
acid, wash the residunwlion uoldwithwator, neutr.illse the solulioiiwithsodiccarbon.ae, 
oTupiorale to dryness, roast the rebidue at a gentle heat with an equal w'eighi, of 
sul-ammonmc, till U becomes red-brown (lutrogon and hal-ainiuoniae being then given 
off, but no appreciable quantity of seleiiuim) , and treat the red-brown mass with water, 
which leaies the solcnmni midissolved. 

3 Bottger has shown that the flue-dust of the ro.astiiig fiiriiaecs in the desilverisiiig 
works al, Miuisfeld, ui Saxony, eontuiiis uncoinbmed selenium in quantity sufficiuiit 
foi profibiblc extraction (9 per cent uccording to Koniper, Arch, riiaiin [2] ci 2.51. 
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To separate the selenium, Buttger levigates the flue-deposit, washes out the heavier 
parts with water contdimug hydrochloric acid, and with pure water ; then fuses it with 
crude sodic orpotnssic carbonate ; pulverises the fused mass, lixmates it, and leaves the 
hrown-red liquid exposed to the air , then separates the deposited selenium by filtration, 
and distils it. (J pr Cliom. Ixxi fil2 ) , 

Froperiies — Selenium, like sulphur, occurs in different iillotropie states, both amor- 
phous and crystalline These modifications have been espceuilly studied by Hittorf 
(Pogg Ann IxxxiT 214, Jiihresb 1861, p. 318), Mitseherlich (J pr Clieni Ixvi 
301 , Jahresb 1855, p 314), and Eegnault (Ann Ch Phys [3j idvi. 257, Jahresb 
1856, p. 44) 

1 . Amarpmua. — Scleiiinin, precipitated from a solution of selenhydno acid by exposuro 
to the air, or by electrolysis (electionegatiio selenium), is omorplious, and soluble in 
sulphide of carbon, that which is deposited from aqueous seleuious .leid, either by 
electrolysis or by the reducing action of sidphuroiis acid (eleetropositivo selenium), is 
IJtowiao amorphous, but insoluble in sulphide of carbon 

Amorphous selenium softens when heated, becomes semifluid at 100°, and perfectly 
fluid at a somewhat higher tenipwatiiro (Berzelius, T/aiti de Clixmia [1846], ii 190) 
On cooling, tho selenium remains soft for a long tiinr, and may bo drawn out, like 
sealing-wax, into long thm flexible threads, which when flattened are transparent, ainl 
of a deep ruby colour by tiMiismitted light AVhen quickly cooled from fusion, it forms 
a brittle solid, having ii glassy fracture, almost nietiillic lustio, and deep brown colour 
This afti’eoiuselennim has a specific gravity of 4 3, is nearly insoluble in sulphide of 
carbon, does not condnet electricity, but becomes sbgbtly oleotneal by friction in a diy 

2 Crystalhnc . — a Selennini, when very slowdy coolod fioin the fused state, forms a 
loiid-gi'ey mass hilling an iiTcgular gramil.ar surface and ilne-grained fracture (B o r - 
zelius) Vitreous selenium remains unaltered at ordinary temperatures, but 
at temperatures between 80-’ and 217°, most qaiekly between 125° and 180°, it 
becomes crystalline, the change being attended with considerable riso of temporatiire 
(Hittorf) According to Eegnault, iitreous selenium remains unaltered, evi'ii 
when heated to 90° for several hours, but at 90’ or 97° it passes quickly, and with 
great evoluboii of heat, into the crystalline state, acquiring a bluish-giey colour, 
motallio lustre, and gi'auulav fracture According to Mitseherlich, tho clmiigo from tho 
vitreous to the crystalline state is most easily effected by molting the selenium iii a 
flask, boating it above 217°, then quickly cooling it to 180° — 190’, and keeping it for 
soma time at this toiiiperatnre This crystallo-gi'aiiular selenium is quite insolablo in 
sulphido of carbon According to Hittorf, it molts at 217° without proiious softi'iniig , 
but accoi-ding to EegmmJt, it grudually softens when boated, and does not boconio 
completely fluid till boated above 260° 

^ Selenium deposited from a solution of solenide of ammonium, potassium, or 
sodium, on esposnie to the air, is likewise crysuUino, and has a specific gravity of 4 808 
at 16° (Hittorf) , 4 760 — 4 788 at 15’ (.MitsohorlichJ It is likewise iiisolnhlo in 
sulphido of carbon, and, according to Mitsthorlicli, is identical in every respect with the 
orystallo-grnnular variety obtained by tho traiistbimution of vitreous solouiuni. Crys- 
talline sefrmuiii conducts electricity better than the vitreous niodifloation, and tlie iiioro 
easily us its temperature is higher 

•y. Selenium is deposited from solution in sulphide of carbon in small but distinct 
crystals, which, according to Mitsehorlu-h, aie mouoclinic, exhibiting the dumuiaul tacos, 
op, 0 + P, —P, together with numerous secondary tacos. Axes n 5 o = 11 6170 • 
1 9622. Angle 5 • c = 75° 34' , oP +P « 112° 30’ , oP _P =. 124° 48' 

aPeo. +p =. 111° 48’, oePw. _ P = 12, i° 03' Tlieso crystals dissolve oiisily, 
though sparingly, in sulplndo of carbon, 100 pts of that liquid dissolving 1 pt of 
SPloiiium at the boiling heat, and 0 OIG pt at 0° They rofaiii their solubility after 
being lie.atcd to 100°, but if heated to loO’’, becomes nearly black and quite insolnblo 
in sulphide of carbon, the selenium thus modified regaiiiH its solubility by melting 
and rapid cooling The crystals before being heated have a specific gravity of 4 46 |o 
4 509 at 1.5° ; after heating, it increases to 4 7°, being then nearly equal to that of the 
variety deposited from solutions ot alkalmo selemclcs CrystaUino selenium appmir.s 
indeed to bo dimorplious, the two laneties being probably related to one anntlier in 
the same manner in mouoclinic and rhombic sulphur (ii. 332) Native SBleniura 
(p 221) appears to be moiiocliiiic (Mitseherlich) , its speciflo gravity is 4 3 — 4 2, 
and hardness 2 0 

Amorphous and cry.stalluie sclemuui exhibit, according to Eegnault, a considerable 
difference of specific heat at eompar.itivcly high tempoi.ituies. He found tho specific 
heat of crystalline selenium betwioii 98° and 20° to be = 0 0762 ; that of amorphous 
selenium oonsiderably greater— ns , 0 1036 betweeii 87° and 19°, and 0 1026 between 
77° and 18° At lowei tempi i id uri“-, howevir, as between — 20° and 7°, tho spcoifie 
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hoatB of tlie two mofliflcaHons aw bPiisibly equal The cimiifio from the amorplioim 
to the crystalline state is attended with the eToliition of ii qn.uitity of heiit sxifficieiit, 
according to Eegnault, to raise the teniperaturo of tho selenium 200 degrees. 
Mitsclierlich, however, found tho rise of toinpcratnre to he mnoh smaller, viii 20'^, 
and according to Uittorf, ifc is only 6° (the tliermoraoter rising from 210" to ill's"). 

Selemum heated in close vebscls hods hclow a red heat, and is coiwerted into a deep 
yellow vapour, which condenses in scarlet flowers or black lustrous drops, according to 
the size of the condenser At temperatures not much above its boiling-point, tho 
density of its vapour, like that of sulphur u dor similar ciieumstances, is anomalous, 
but at higher temperatures it dimmislies. and ultimately the vapour occupies a bulk 
nearly equal to that of an equivalent quantity of oicygen. According to Dovtllt 
and Troost (Ann. Ch Pharm exxvii 27 1), the vapour-density of selenium is 7 fi7 .it 
SeO°, 6 37 at 1040°, and 5 68 at 1420°, the calculated density for a two-volumo con- 
densation being S'fi'l. 

Selenium is quite insoluble in w,ater, whotlier cold or hot. It dis.solves to a slight 
amount m oil of vitriol, but is precipitated on dilution Its roliitions to sulphide of 
ciirbnn have ah-eady been mentioned Monoohmc selenium and the amorphous variety 
deposited from selenliydrio acid are soluble in that liquid, the iilreoiis modifleution 
IB very slightly soluble , and the crystallo-granular variety, tlio eryetallme selenium 
deposited from alkahne selemdes, and the amorphous variety depositoil from solonious 
acid are quite insoluble 

Selenium does not taka Are very readily, but when thoroiiglily heated in contact willi 
air, It burns with a blue flame, forming selenious anhydrido, giving off yellowisli-red 
T.ipoiu's of unoxidised selenium, and emitting an odour like thatof decayed honsoradieh, 
probably due to a protoxide of Beleniiim formed at tlie same time 'Wlien 
heated in a current of oxygen gas, it is wholly converted into sclomous aiiliydrido It 
unites du'Pctly with bromine and chlorine, and, when heated, also with iodine, siilplinr, 
phosphorus, aud metals. It is oxidised and dissolved by nitric and uilromuriatic acid, 
yielding selenious acid. 

SBIiBNIUK, BHOIVElDai OS’. Wlion pulverised soloniiim is dropped by small 
quantities into bromine, combination takes phico, altendcd witli loud lussiiig iiml coii- 
sider.ible evolution of heat ; and the compound instantly solidiflos to a browii-nd oi 
orango-red mass, which tnmes in the air and smells like chloride of siil[ihni. 
It volatilises wlien lioafoil, part being resolved into sohnuim and hrnimiie, wiiilo 
tlio rest sublimes ns a yellow muss Water dissolves and doeomposos it, fnrimiig 
hydi'obromio and selenious iieids. (Scriillas ) 

SBI-BWIUM:, CEII.OB1BBS OI*. There are two chlorides of selenium, both 
formed by direct combination. Tho dichlnitde, Se-'OI', or pcrsclenide of chlo- 
rine, analogous to persulphide of chlorine, S-'CP, and persulphide of hydrogen, If-.S-, 
was discovered by Berzelius, who obtained it by hoiitiiig the totracliloride vvilh 
selenium According to Saco (Ann. Ch. Phys [3] xxiii 121'), it may bo obtained by 
passing a slow stream of dry chlorine through an inclined glass tube tilled with 
fragments of fused selenium The heat evolved by the reaction volatilises tho 
chloride of selenium, which condenses in tlio colder parts of tho tube, and flows iii 
thick drops through the open end into a perfectly diy receiver 

Dioblorvdo of selenium is a dark-yellow oily liquid, having a pimgnit odour, not very 
volatile according to Berzeliiia, extremely voliitilo aecording to Aaee It is slowly 
decomposed by cold, quickly by hot water, into hydrochloric aeiil, sohmious acid, and 
free selenium , but tho decomposition is seldom eomploto, bcoaiiso a portion of the dichlo- 
ride generally becomes mcclmmcally enclosed m tho solid selenium 

Tetrachlni ide of Selenium, ,SeCP, is produced bypassing clilnriiie pas over 
fused selenium, conlained m ii bulb-tiihe The liquid diehlninle is al flrsi prodiieed, 
and is aftoiwaids eonierfeil into a white solid mass of llio telraelilorido, wliieh when 
further hc.ited, volatilises ns a yellow vapour, and sublimes on the coldiT parts of the 
apparatus in small thin crystals By prolonged heating, the erysfals aggregate into 
a white serai-fusod mass, which becomes flssmed on cooling Tctraclilorido of sele- 
nium dissolves in water with nsc of temporatuie and slight effervescence, forming a 
solution of hydrochloric and selenious .icids iSeCP + 3II-0 = .lUCl + IlsSeO’ 
(Berzelius, Ann Ch Phys [2] ix 225) When dceomposod by a small qii.iutity 
of water, or by exposure to moist am, it yields oxychloride of selcmiim. Si CFO or 

SeCPSeOUp 224), 

When a selenato is heated with common salt and sulphuric acid, tetrachloride of 
selenium mixed with free ehlorino passes over first, and then green vapoius, which coii- 
tlenae to an oily mixture of solenious and sulphuric acids. (II liose, Pogg Ann 
xxvii 576 ) 

Tetruchlorido of selenium gradually absorbs vapour of sulphuric anhydride, especially 
when tho two substances are enclosed m ,i closely -corked vessi 1 and placed in a w.ii m 
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room ; they then unite, without discugageraout either of tulphurous aul^'cliide or of 
chlorine, and form a very dense grccuish->ellow syrup, the excess of sulphuric luihj- 
diide remaining in tho erystallme fotm. .On distilhng the syrup at .i gentle heat, tho 
excess of sulphuric anhydride jiusscs over first, and the residue in the retort solidifies 
on cooling to a white cryatalImB mas ’ ’ 'loiited, melts to a 

light-hrown kquid, and evolves (with not of sulphurous 

anhydride) a rcddish-yelloiv vapour _ eh condenses to a 

colourless syrup, and finally to a white mass resemhliug wax The hittov siibalance is 
freed from adhering ehloriiie by a second distilLilion After this trealmeut, it hoils 
constantly at 187°, and may bo redistilled uithout leaving any lesulue or undergoing 
further decomposition If contains, on the iireruge, 12S9dper cent of salenmm and 
36 885 of chlorine, and, .meording to H Hose, may bo rcgiiided as 2(SeCl“5SO“) + 
fitSeCbBeO’) Berzelius, on the otlier hand, logiinls it as consisting mainl)' of tlie 
compound SeCl* SO”, uniilogous to the compounds of siUphnno aiihjdride with other 
chlorides It deliquesces rapidly in the air, exhaling the odour ot liydrocWoric acid , 
and dissolves readily in watep, Mithcmt first sinbing to the bottom m oily drops, tlie 
solution, winch is generally colomed rod, from the presence of a small quantity of free 
selenium, eontums hyih’ochloiic, sulphuric, and solouious acids (no selenio acid). 
(H. Eoso, Pogg, Ann xhv. 315 ) 

SEXiEIfl'aM, OVAHinSS OI*. Sjn with SniEKlocYANtC Anethbidb (p 220). 

SEEtEWIUM, SETECTIOIT AWE ESTHHATIOUT OF. 1 Bluwpipe- 
reaotions — ^Metallic selemdes heated in the outer flame, and selcnites or seleniites 
heated in the inner fiame, on charcoal, givooffachavacteristieodonvihke that of decayed 
hoiuoradish. When a motalbe selenide is heated in tlie outer flame on charcoal, tiie 
charcoal genotally becomes covered, at some distunee fiom tho bead, with n steel-grey, 
slightly metalbo deposit of seleuinm, which may Im easily driven by the oxidising 
flamo from one part to another Seleuium-compouuds heated on ohareoiil with carbo- 
nate of sodium yield a re.sidue of selenide of sodium, which wlien placed on a clean 
silver surface and moistened mth a diop of water, produces a black stain. Wlieii a 
metallic selenide is lieated in an inclined glass tube open at both ends, part of the 
solenmm is volatilised in the free state, and forms a red sublimate on the upper part of. 
the tubs, the metal being at the same time oxidised Sometimes also soleiiions oxide 
is formed, and deposited on tho colder part of tho tube in n network of crystals. 

2. Beaeitonan Solution — Seleuhjdric .acid and solutions of iilkiilino selonidfis 
deposit selenium on exposure to the air, the formcryielding it in red amorphous flukes, 
the latter as a grey crystalline film (p 2221, Selenides heated with ncir/s, give off 
sslenhydrio acid gas, which is lufliimmible, has a peculiar fetid odour, and forms daik- 
ooioured precipitates with most motalho solutions (in 202). 

_ Soluble selenitos give with tvJphwoui acid and other redueiiig agents, a rod pre- 
cipitate of free selenium, and with sidphydnc acid, a leinon-yellow precipitate of snl- 
pnide of selenium. Soluble selenates give with eldonde othanum, a precipitate ot 
barytic selenate, which is iiisohiblo in cold dilute acids, hut n hen heated with liycbo- 
ohlorie acid, gives off chlorine and is reduced to selenite of barium, which dissolves, 

3. Estimation and Sepaiution — Tho methods .ulopted for the qu.intilativo 
estimation of selenium vary according to the nature of the compound to be analysed. 
When tho selenium is conbiined in n solution in the form of seleiuous acid or a, 
selenite, the solution is acidulated with hydrochloric acid, and mixed with an allahne 
sulphite Tile selenium is thereby reduced and pioeipilated as a rod powder, winch, on 
heating the liquid, cakes together and tuins black Tho treatment with rdkalme sul- 
pliite must be repeated till no more red coloration is produced. Tho precipitate is 
then to bo collected on a weighed filter, washed, dried .it a gemlo heat, and weighed. 

If tlio solution likewise contains nitric acid, this acid must be decomposed by boiling 
with liydroehloric acid liefore adding tho alkaline .'■nlphite 

TVbcn selemnm is present in solution as selenic acid, the liquid must be boiled 
with hijdi ochloric acid to couvort the selenic into selenious acid, from which the sele- 
ainin may then be precipitated by an alkaline sulphite as above. The precipitation of ' 
selenic acid as a hariiim-salt does not give very exact results, hecause selenate of barium 
is not quite insoluble in dilute acids, and, moreover, h.is even a greater tendency than 
tlio sulphate to cany down other salts, winch cannot be separated from it by washing 
with hot water Insoluble selenatee, like selenate of barium, which iil'o but slowly 
reduced to selenites by boding with hydixichlorie acid, must first be decomposed by 
digestion with a solution of alkalmo carbonate If, however, tlie selenate of b.iuuin be 
mixed with sulphate, tlie dceoinpoMtion of tho former by aqueous alk.ilniB earboiintes 
IS never complute ; hence sulph.ite .iiid solen.tte ot barium cannot he soparatod by tins 
method (H Hose, Pogg Ann cxiii 172, 621 . Jahresb 1861, p 828) Tho quantifies 
of these two salts iii a inixlnre may, however, he ascertained by an indirect method. 
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phate and selenate, and the difference bo multiplied by ^ 




A weighed quantity of the mixed barium-salts is fused with .i mixture of potiissic and 
sodio carbonates in equivalent proportions, the soluble salts tiro w.islicd out, and tho 
residual banum-carljoiiute is weighod If now the weight of Imrium-siiljiliiito equiva- 
lent to this weight of carbonate bo subtriicted from the weight of tho mixturu of sul- 
■280 . I _ 280’5 , 

10 6-233 " 

BaSeO* = 280 5 and BaSO* = 233), the product will give tlio quantity of biirunu- 
selenata in the mixture (W olil wi 11, /iimifui d Chein.yn 800.) 

Selenites and selenatus may also be analysed by fusing tUeiu with 7 or 8 pts. of 
putaasmm-o^amde m an atmosphere of hydrogen The whole of the selenium is 
thereby converted into aelenioeyaiiato of potassium, the uqneous solution of which 
when boded for some sime (to convert any selomdo of potassium that may be present 
into seleniocyanate), and supersaturated wlieii cold with hydrochloric acid, doiiosits tho 
whole of the selenium m tha course of 12 to 24 hours. The selenium may then bo 
dried at 100“ and weighed Breo selomous or selemc acid in solution may he iifutra- 
hsed with an alkaline carbonate, tho solution ov.ipomted to drjnoss, and tho rosiduo 
treated as just dosoribed. (Oppenhoim, J. pr. Chora Ixx. 208, H Rose, h/o 
cii ) 

Selmium may also be separated from sulphur and tollurium by fusing the mix- 
ture, in which the selenium and tellurium may both exist as oxygen-acids, with 10 pis 
of cyanide of potassium in a long-necked flask through which a stream of hydrogen is 
passed. Tho selenium and sulpliur are thereby converted into soleiiiocyanate and sul- 
phoeyanato, and tho tellurium into tollunde of potassium, and on passing a stream 
of air through the aqueous solution of tho product, tlio whole of tho telluimm is pre- 
cipitated 111 tho free state, and the flltrate, treated with hydrocliloric acid us aboi o, 
deposits tha selenium, while the sulphur remains in solution. Prom a flnely -puh crisod 
mixture of sulphur and selenium, the whole of the selenium may bo dissolved out by 
digestion with a warm solution of potaesium-cyimido, which also takes up part of tlin 
sulphur. The undisaolved sulphur is thencolleclod and weighod, the selenium precipi- 
tated from the flltrate bv liydrochlorio acid, tho dissolved sulphur oxidised by ehloruio to 
suIphurioacid,andpreoipitatedbyabarium-8alt(IT Rose) Smiillqmuilitiosof seleiinim 
may be detected in sulpliur by boiling with aquorms potassiuni-cj aiiide, tlio snUituai, if 
selenium is present, exhibiting a reddish turbidity when trc.ited witli Indiuehlono 
acid. 

Metallic Selonidos are best an.ilysod by beating them in a stream of c/i/omc, 
the selenium then volatilising ns di- and tetrachloride, while the metallic elilonde in 
most eases remains behind The chlorides of seleiiimn are collected inw.itir, when by 
a solution of selomous and selenio acids is termed This is he, ited with liydioelilone 
aoid, to reduce the selenm to selemous acid, and the selenium is proeipitated therefrom 
bjr an alkahne sulphite as above In applying this method to the seleiiuhs of lead and 
zinc, care must be taken not to apply too strong a heat, as the ehloridesof tin so metals 
are somewhat volatile The chlorides of mercury, arsenic, and aiiUmony pass over 
into the receiver, and are dissolved together with tho elilorulos of aeloiiuim. 1’lm 
presence of arsenic or antimony does not interfere with the precipitation of tho selenium 
by sulphurous acid j but mercury would be precipitated at the same time, m the form 
of oalonieL In this case, therefore, the wliole of tho selcnious ueid must, be coiivertod 
into selomo acid by saturating tho liquid with chlorine, tho selemc acid pricvpitalid 
by a barium-salt, the excess of barium removed by sulphuric acid, mid the mercury 
precipitated as calomel by an iilkiiliiio formate. ^ 

4. Atomio Weight of Selenium, — Numerous attempts Imie been made lo de- 
termine the atomic weiglit of seloiiinm by the anuljsis of seloiiitcs mid soleiiutes, but 
fto results are by no means accordant (IJandw. d. C'kcm 2'« Aullago, u. 121 riOO). 
Berzelius found that 100 parts of selenium heated m a cii Tent of ehloriiii- yielded 
279 pts. of totrnohloride, SeCl* • whence Se =. = 79-33. Dumas fAiiii 

Ch. Pharm cxiii. 31), by a similar method, taking eaio to eoiidenso llio chloride of 
selenium completely by passing the excess of chlorine through a tube cooled to _2(H 
and then thiough another fllled with n.sbestos, obtained, as a moan of seven experiiiieiii.s’ 

o**- Obtained, according to Knox, by lientiiig 
fluQiide of lead in seleimim-vapour, selomdo of lead then remaining, while the fliiniido 
ot selenium sublimes in crystals It volatilises undeeoraposed at higher toinperaturi's 
hyXofluOTm ancUdeiifouTMT*^ ™»Ptliately decomposed by water into 

_ SHlBHriUlH, IODIDES OP. Not known with certainty Kiiuivalent qtinnlilies 
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of ]odme and spleninm melt together -when heated, to a blacMsh-grey mass, from which 
the whole of the iodine is extracted by absolute alcohoL (Trommadorff ) 

SEIiEWUnW, OXIDES AWE OXYGEEr-ACIDS OF. The only oxide of 
selenium whose composition is exactly known is the dioxide or selonioua anhy- 
dride, SeO“, the hydrate of which is solenious acid, ffSeO® A lower oxide is 
produced by the imperfect combustion of selenium in air or oxygen, but its composition 
has not boon ascertained It is a colourless gas, which is the source of the peculiar horse- 
radish odour evolved in the combustion of selenium ; it is sparingly soluble in water, 
but has no acid reaction The trioxide, or anhydride of selonic acid, H“0 SeO’, has 
not been isolated. 

Dioxide of Selenium, SelenlouB Oxide or Anhydride, SeO’. — This compound, 
the analogue of snlphuroiis oxide, SO’, is produced by burning selenium in a stream of 
oxygen ; or by evaporating the solution of selenious acid to dryness In the latter 
case it IS obtained as a white mass which does not melt, but, at a heat somewhat below 
redness, volntibses in the form of a yellow vapour, which condenses m white four-sided 
needles It absorbs water rapidly, producing solenious acid. * 

Selenious Acid, H’SoO’ = 1 0' — ^l^s acid is produced by the hydration 

of selenious oxido, or by the action of nitric or nitromuriatic acid on selenium. From 
its hot aqueous solution, it is deposited, on slow coobiig, in prismatic crystals like those 
of saltpstia, which readily absorb water, hut effloresce in dry air. When heated it 
splits lip into water and the anhydride, w'hioh sublimes at a higher tomperatm'e Its 
solution has an acid t.iste, and is reduced, especinlly at the boiling heat, by sulphurous 
aoid or a sulphite, with deposition of red amorphous selenium , also by stannous 
chloride, and by nil metals, except gold, palladium, and platinum, but not by ferrous 
sulphate Sulphydiic and throws down from its solution a yellow precipitate, usually 
regarded as disulphide of selenium, but consisting, according to H. Eose (Pogg. Ann 
cTii 186), merely of a mixture of soleuium and sulphur 

H’SeO’ + 2H’S - 3H’0 + So + S’ 

Selenious acid is not decomposed by boibng with hydioolilono aoid. It is oxidised to 
selenio acid by chlorine in presence of watei, by potassio chromate, pm'oxide of manga- 
nese, and peroxide cflead, and by fusion with saltpetre 

Selenious acid is a very powerful acid, approximating to siilphime acid in the energy 
of its reactions It reddens litmus, neutralises alkalis completely, effervesces with 
carbonates, and being non-volatile, decomposes chlorides and nitrates with oad of heat 
Its aqueous solution precipitates the ueutial salts of load and silver. 


Selemtes, 

Selenious acid is dibasic, forming neutral salts, M’SeO’ and M”SeO’, and aoid salts, 
HMSeO’ and H<M"Se’0“. The acid selemtes of the alkah-metols also form double 
or hyperacid salts, with an additional quantity of selenious acid • e g HESeO’.H’ScO’. 
The neutral selemtes have a purely saline taste. They are decomposed by heating 
with charcoal, yielding selomdes, or metallie oxide and selenium When heated 
with carlonate of sodium m the inner blowpipe-flame, they omit the characteristic 
horseradish odour The fused mass moistened with water produces a brown stain 
on silier Heated with chloride of ammonium, out of contact with the air, they yield 
a sublimate of metallic selenium The selenites of the alkali-metals are soluble in 
water, and their solutions, acidulated with hydrochloric acid, behave like the free 
acid with sulphurous acid, sulpliydric acid, &e. The other selemtes are insolulile in 
watei, but soluble in nitric acid; the lead- and silver-salts, however, dissolve but 
slowly The selenites have been examined chiefly by Berzelius and by Mnspratt 
(Chem Soc. Qu J. ii. 52 ) 

Selenites or Aluminium — The neuiral salt, Al'O’.SSeO’ = \ 

obtained by precipitating an aluminium-salt with neutral selenite of potassium, is a 
white powder insoluble in water, and decoin^sing when eliongly heated, giving off 
first water and then the whole of its acid (Berzelius) — An acid salt is formed 
by dissolving the neutr.il salt or alummium-hydrate in solenious acid, and is obtained 
by evaporation as a eoloiu-lcss, gummy, transparent mass, having a harsh taste and 
easily soluble m water. (Berzelius ) 

Selenites of Ammonium — The «cid) safi, (ISrH^)’SeO’, is obtained in shin- 
ing deliquescent crystals, by saturating alcoholic selenious acid with ammonia-gas 
(Muspratt) , also by loaiing a solution of tho acid in excess of aqueous ammonia to 
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evaporate in a warm place. When heated it givee ofif water and ammonia, and affor- 
wards water and nitrogen, together with a small qnantity of the hyperacid salt, and 
leaves a residue of fused selenium . 

3(NH<)“SeO^ = 9ff0 + 21IH“ + 2N« + Se“ 

The aeid salt, produced, with evolution of ammonia, hy leaving an aqueous solution of 
the neutral salt to evaporate, forma needles permanent in the nir (Berzelius) — The 
hyfsracid salt, obtained by evaporating a solution of tlio pieceding, with aid of heat, or 
with addition of selenious acid, is dehquesoent and iincrystaUisahlo. (Berzelius.) 

SkliiNiies of Babium:. — The neutral salt, Ba''SeO'', separates from a mixture of 
tmrmm-chloTide and neutral pota.sBium-Bclenite, as a white precipitate, insoluble lu 
water, easily soluble in acids It does not fuse oven at the melting-point of glass 
(Berzelius). According to Miispratt, it separates from a mixture of baruiin-iiitrate 
and potassium-selenite, in delicate, shining, feathery crystals — The aeid salt is obtained 
by dissolving bunum-carhonate in seleniolis acid, and leaving the .solution to evaporate, 
in crystalline granules, sparingly soluble in water. Ammonia iidiled to the solution 
throws down the neutral salt (Berzelius) When strongly heated it gives olf white 
fuuiea of selenious oxide (Muspratt) 

Selenite of OAniiinAr, Cd'SeO’, is a white precipitate, which becomes orange- 
yellow on exposure to the air, and yields a yellowish suhhm.ato when heated in a ghiss 
tube It IS anhydrous, and soluble in selenious acid. (Muspratt.) 

Selbnitbs op Calcium — ^Xhe«(*M<j-Bi4a/f,C.i"S60“,separatesas a soft crystallmo 
powder from a solution of cnloium-cavbouato in selenious acid. It is sparingly soluble 
m water, and melts at a bright red heat (Berzelius). — ^An acid salt crystallises from 
a solution of the neutral salt m excess of selenious aetd, in very sninll prusms, which 
are permanent in the air at ordinary temperatures, hut give off half their acid whim 
heated, or in contaet with ammonia. (Beizolins.) 

Selbnitbs of Ceuium. — Tho neutral oeious salt is a white powder, insoluhle in 
water, soluble in selenious acid — Tho neutral ceiio salt is a lemon-yellow powder, 
winch when heated gives off its acid and leases ceric [? eoioso-cino] oxide. It 
dissolves in selenious aeid, forming an neirf sbZ<, wliieh dues up on evapor.ifioii to a. 
yellow varnish, and whan heated gives off water, bocumiiig opaque and erysCullme. 
(Berzelius ) 

Ohbomio Selenite, Cr'O’.SSeO* = (Or'"^' |o“, is obtained by precipitating 
oliTomio elilonde with selenite of ammonium, as ,i green aniorplions powder, the solu- 
tion of which m selenious aoid leaves a green varnish on evaporation (Muspratt.) 

Selenite of Cobalt— Tho neutral salt, Oo"ScO^, is a p.do-red powder, in- 
soluble m water,— The aeid salt is soluble, and remains on ovapovatiuii as a pvu'plo-red 
varaish. (Berzelius) 

Selbnitbs of Ooppbh — The neutral cuprto sbW, Ou"SeO’, is precipitated on 
adding the aoid aminonnim-s.ilt to a warm solution of euprie sulphate, in bulky, enrdy, 
yellowish flocks, qiuekly converted by heat into small, silky, greeiiisli-hlue crystals, 
which at a higher temperature give off water and tium hvei-lirowii, then molt, and 
ultimately give off all their acid Tho salt is insoluble in water and in selenious 
acid (Berzelius). According to Muspratt, it turns blue ovir ml of vituol, and b.is 
the composition 3Cu"Se0“.H-0 — A hasus oupuc sclentfe w preeipifali d on mixing 
cupric sulphate with ammoinuin-seleiiite coiitiiiniiig ixcess ot mnmmim, ns a ins- 
tachio-hrown powder, insoluble in water but soluble in ammoni.i IVlien healed it 
first loses water, then froths up, and gives off all its iieid. (Bnizeliiis ) 

Cuprous Selenite is a white insoluble powder, obkiined by digesting cuprous 
hydrate with selenious acid (Bcrzehu.s ) 

Selenitbs of Glucinum— Tho neutral salt is a white insoluble powder, 
which leaves glucina when ignited. The acid salt is giiiumy and soluble iii water. 
(Berzelius.) 

Selbnitbs of Iron —The neutral feme salt, Fe=0’ 3SqO* = 0“. 

tained by double decomposition, is a white insoluble powdei, wliieli becomes aoniewli.it 
yellowish on diying, gives off water at a higher temperature, then turns red. and give.s 
off all its acid (Berzelius) — An amd fnne sc/eiutr evyslalliBeB on eooliiig from a 
solution of iron in an excess of mixed si lemons and nitric acids, in pist.iehio-green 
laminES When heated it gives off water, grndiially blackens and gives off its acid, and 
ultimately leaves a residue of feiric oxide It is insoluble in water, but dissolves with 
orange-yellow colour in hydiocliloric aeid (Berzelius),— A basic feitic sdemtr, in- 
soluble in water, is obtained by treating either of the preceding salts with ammoni.i 
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Neutral ferroua Selenite, Fe''SpO*, is a -whita precipitate, gradually turning grey, and 
nlt.imiitely yellow, on exposure to the air. Its solution in solenious acid yields an aetd 
suit, l'e"S60* SeO^, slightly soluble in water; the solution, when heated, yields a brown 
precipitate, consisting of selenium and feme selenite. (Berzelius.) 

Sklunites ou LkA-h — T he neuttal salt, Pb"ScO“, obtained by precipitating 
aqueous chloride of lend with excess of ammoiiium-selenito, is a white heavy powder, 
nourly insoluble in water, slightly solublo in nitric acid, and molting, almost as easily as 
chloride of lead, to a yellowisli tranap.ireiit liquid, which solidifies to a white opaque 
mass liaving a crystalline fiMcture. By exposure to a strong red heat, or by treatment 
with aiu'uonm, it is converted into a basic salt, which forms a translucent, friable, 
fusible mass, also having a crystalline fractui'e —According to Kersteii (Pogg Ann 
xlvi. 277), neutral selenite of lead occuis native, but, according to H. Kose, the 
niiiieral thus characterised is a selonato (p 2.'t2) 

SiiUBNiTES OP Mvonssium. — T he neutral salt, Mg'SeO® 3ffO (Mnspratt), 
rem.iina, on treating c.irboiiate of iiiaguesium with selenious acid, as a granulua' powder, 
insoluble in cold, sbglitly soluble in hot water, and separating therefrom, on evaporation 
and cooling, in small four-sided prisms or tables. At a higher temperature it gives off 
its water, and acquires a fused appearance, but without actually melting or giviug off 
and, and attacks the gUss strongly (Berzelius) — The acid salt is preoipiUted by 
alcohol from a solnbion of the neutral salt in selenious acid, as a crystalUsable, pasty, 
deliquescent mass. (Berzelius) 

SuLENiTBS OP Ma.hoA.kE8e, — T he neutral salt is, according to Berzehus, a soft, 
wliite, easily fusible powder, which melts and decomposes wlieu heated, and, in the 
fused state, attacks glass strongly. It is insoluble in water. Muspratt, by dissolving 
c.irboiiato of muiigaiiese in solenious acid, obtained a white sandy powder having the 
comiiositioii Wii’'SeO'' 2ffO, winch formed a colourless solution with cold, and a palo- 
reil solution with hydrochloric acid — The acid salt is crystallisable, very soluble in 
wat er, and gives off half its acid, when heated out of contact with the air 

Si'ii.ENiTBS or MEHOTinv — The neutral mercuno salt, Hc"S60^ obtained by 
double decompobition, or by bringing mercuric oxide m contact with aqueous selenious 
acid, IS a white powder, insoluble or very slightly soluble in water. — The and merou- 
uo salt, formed by adding mercuric oxide to aqueous bolonious acid till the neutral 
salt begins to separate out, then Altering and evaporating, crystallises in large prisms, 
tongituduially striated, having the taste of corrosive sublimate, and eontaiiiiiig a largo 
quantity of water The crj'stallised salt melts in its water of crystallisation wlien 
heated, then solidifies, and Anally sublimes unaltered. It dissolves easily in w.iter, 
very slightly in alcohol; the aqueous solution is not precipitated hy ainmoniu, and very 
slowly by alkaline caibonates , potash also throws down only part of the oxide Sul- 
phurous acid precipitateswhite merciu'ous selenite, which soon acquires a scarlet colour, 
from the prcsenco of reduced selenium tBerzelius),— A baste salt, 3lTg"0 4Eg''SeO'‘, 
lb obtained, aecordiiig to Kohler, by boiling precipitated mercm-ic oxide with selenious 
acid. It lb pale-yellow and insoluble in water 

Neutral tneicurotis Selenite, Hg’SoO®, obtained by pi’ccipitatnig merciiroiis nitrate 
with selenite of sodium, is a white powder, molting when heated to a daik-brown sub- 
stance, which 'baeomes lemon-yellow on cooling , at a stronger heat, it boiU, and passes 
over m brown drops, which become amber-yellow and mostlv tran.sparont on cooling 
Hydrochloric acid converts it into mereiinc chloride, the selenious acid being partly 
reduced to the etate of free selenium, and partly remaining dissolved in the hqiud 
The salt gives up all its acid to caustic potash. It is not soluble either ni water or in 
aqueous seleiiious acid (Berzelius) — Amercuious anhydro-salt, 3Hg“SeOhSeOu is 
obtained, according to Kohler, as a dark, hnek-red, opaquo, crystalline mass, by melting 
the neutral salt at 180°, and raising the temperature a little higher. 

Selenite oi' NiCKEf^— The neutral salt, obtained by precipitation, is insoluble 
III water, white when moist, hut becomes apple-green on drjing (Berzelius) Aocoid- 
iiig to Mubpr.itt, on tho contrary, it is precipitated, on adding selenite of potubsium to 
sulphate of nickel, ns a greenish powder, eontaimug Nf’SeO* II-O, which becomes 
white when dry — The acid salt is a green gummy mass, soluble in water. (Ber- 

Seiunites oe Potassium — S elenious acid and potash form three different 
s.ilts, winch are oMained by mixing the acid with potash or potaBamm-carhonate in tlie 
required proportions — Tho neutral salt, K^SeO’, obtained by saturating carbonate of 
potasbiiini with selenious acid, soparatos on evaporation, but not on cooling, in cryetal- 
liiio grams. It melts, when heated, to a yellow mass, which again becomes white on 
cooling , it atteicts moisture from the air, and dissolves in nearly all proportions in water, 
but is insoluble in alcohol. It lias a disagreeable taste, and strong alkaline action 
to test-paper — The and salt, KUSeO’, ery st.illiscs with difficulty on cooling from .i 
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solution sTaporated to tlie oonsiatcnco of syrup, or from a sliylitly acid solution Ii) i-vapo- 
ratiun over oil of vitriol, in feathery crystals (having a satiny lustro accoriling to Miis- 
pratt), which unite at last to a compact mass. It slowly parts with the half of its acid 
wlicn Ignited. It is deliquescent, slightly soluble in alcohol — The hyiurut'id salt, 
KHSeO® H'^ScO®, is uncrystallisable and highly deliquescent (Berzol lus.) 

SnnBitiTE OB Silver, Ag’SeO^.—Selenious acid added to nitrate of silver, throu .s 
down this salt in the form of a wlnte powder The same salt crystallises m iictslles, 
from a nitric acid solution diluted with hot water. It is not blackened hy lighi 
Melts almost as easily as horn-silver, forming a clear liquid, which, on cooling, solidities 
in a white opaque mass, friable, and having a eiystallino fracture. 'When nioio 
stiongly ignited, it gives off selenious oxide and oxygen gas, and becomes covered witli 
metallic silver. Dissolves very sparingly in cold water, somewhat moie freely m hot 
water, and easily in nitric acid, from which it may be precipitated by cold water 
(Derzchus) 

Selenitbs of Sodium — The neutral salt, Na’SeO®, does not ciystallise on 
cooling, but only by evaporation of an aqueous solution m vacuo, it then forms siinill 
grains, which are permanent in the air, taste like borax, and dissolve very easily in 
water, but not in alcohol Accoitliiig to Musprntt, it forms radiated crystals, which 
fuse without decomposition.— The acid salt, NuHSeO* 2H“0 (Muspratt), crjst.ilhscs 
diu'iug the slow oooliug of a syrupy solution, in needles united together in tufts, which 
do not efSoreace in the air, but melt when heated, with loss of their water of crystalli- 
sation, to a liquid winch is yellow while hot. and solidifies, on coohiig, to n white mu“s 
of a ibroiis texture. At a red heat, the salt loses half its acid — The h^yjiciacul salt, 
2NaH«Se=0».H20 or hIaJSe0®.3H»Se0’.H»0 (Muspratt), first obtained by lior/c- 
lius, is prepared by dissolving the acid salt jii selenious acid, and crystallises by 
spontaneous evaporation in needles, which are permanent in the air It niclls ensily 
to a yellowibh-red liquid, which giies off selenious oxide, leaving a residue of neutial 
sodium-selemte with traces of selenate (Muspratt ) 

Selenitbs of Strontium — The «c«<ral so/i, Sr''SoO*, is a wliito powder, inliisi- 
ble, and not soluble in water — The acid salt, obtained like the corrosjiuiidiiig b.iiiniii- 
salt separates as a milk-wbito amorphous crust, on evaporating ilio aqueous sohil ion 
It molts m the fire , swells up and evohes wafer at fiist, and then one half of its lu id, 
so that the neutral seleniti' remains in a spongy form It is nearly insoluble m cold 
water, and dissolves but slowly even in boiling water. (Jlorzolius.) 

Selenites of Thallium — The neutral salt, Tl'''ScO’, is produced by oxidising 
solonide of thaUium wntli nitric acid, or more easily by treating selenious neid with 
excess of thallium-carbonate It has an qlkaliiie reaction, is easily solulile mw.itii, 
insoluble m alcohol and ether, and crystallises in voiy thin micaceous luminie (K u h I - 
raann, Bull Soc Ohim [2J i. 3,30). — The acid salt, TlHSoO“, is morosoluhlc in wall r 
than the neutral salt, and ciystallises most readily from a solution mixed with ulcoliul 
(Kuhlmann.) 

Selenites of Tin — S tannic selenite is a white powdir, insoliihlc in walei, solu- 
ble in hydrochloric acid, and precipitated therefrom by water. When strongly healed, 
it first gives off water, and then the whole of its ueid 

Selenites of Uranium —Weiiiral uranic selenite is a leniun-y idlow jiowder, 
which IB decomposed at high temporatures, giving off oxygen niid aeleiimuH oxuh', iind 
laanng uiMnoso-urnnic oxide. It dissolves m excess of scli'iiinus and ti.rmn,), „|, 
acid salt, ivhKlidlxioB up to a white, opaqno, c^stallme mass, soluble in water (Herze- 
lius), Aocoiding to Muspratt, the eiystallino salt thus obtained is acutinl uramc 
selenite, U*Ot3ScO=. 

Selenite of Yttrium is precipitated m cmaly white fioeks, wluchdiy up to a 
white powder. It is insoluble in w atei and in solonioiis acid, and when strongly heated, 
first gives off water, and then the whole of its acid (Berzelius ) 

Selenites op Zinc.— The neiduil salt, Zn"SeO" H-G (Musprntt), is a wdiitu 
powder, insoluble in wmter. 'When heated, it gives off w.itor, iiiid melts lo a yellow- 
transparent liquid, which on eoolmg forms a white mass, having a crystalliiio Iracturo 
At an incipient white heat, it enters into ebullition, and is coiivirted, with subliination 
of selenious oxide, into an infusible basic salt, no longer decnniposiblo by heat.— Tho 
acid salt, obtained by dissolving the neutral salt m sclemous iicid, is a transpiuent, 
fissured, gummy mass, easily soluble m water (Berzelius.) 

Hyperacid Salt, Zn"H“Se^O ’=Zii"8eO" 3H-SoO».— Wlicu clean ziuc-lnrmngB or plates 
of zmo are immersed in a somewhat concciilratcd aqueous solution of selemuUH .icid 
tho metal enon becomefa covered with a thin led layer of reduced aelcnniin, iiiid a atilu- 
tion :s formed containing hyperacid zinc-selenite, which, wlicn tho solution ih Gvai«>r.itj‘d 
to a syrupy consistonco vi vacuo over oil of vitriol, .iiiil tlion loft at rest for about a 
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■week, separatee m large yello-w crystals, very mneli like those of neutral potaseiuiii- 
ehroinato' They are oblique rhombic prisms, having their terminal eclges, and frequently 
also the obtuse lateral edges, replaced by planes generally associated in twins The 
salt is pcrmnnont in the air, soluble in water. The solution is colourless , has a strong 
sour taste, is not decomposed by acids , becomes turbid when heated, the salt being 
resolved, into selemous oxide and neutral ziue-'-elciiite A crystal heated to 30° or 
40° uudevgocb the same change, becoming white and op.ique , on increasing tho heat, 
tlia crystal melts, mid is resolved into wider which distils over, scleiiioiis oxide which 
sublimes, and a neutral or basic salt which remains behind. (Wohler, Ann, Ch 
PhaiTO. llx. 279 ) 

SEPENirn OF ZincoNiVM is n white powder, iiibolublo in water, soluble in 
selemous acid, decomposed by heat, leaving a residue of zircoma, (B erz clius ) 

Selenlo Aoia, ffSeO* = 1I“0 SeO* = | O’. — ^This acid, the analogue of 

sulphuric acid, was discovered in 1827 by Mitseharlioh (Pogg. Ann. ix 623), 
and bus been fiuther examined by Wohlwill (Ann Cb Pharm. cxiv. 162) and 
V Hauer (Wien Akad. Ber, xxxix 299, Jahresb 1860, p 85) 

Selenic acid ^or a metallic selon.ite) is formed • 1. By fusing selenium, seleiiioiis 
oxide, or a selenite with intnite of potassinni or sodium —2. By the action of ohlornm 
and water. Or of hypochlorOus acid, on seleiiiiun. selemous acid, or selenites— 3 By 
hentmg selemous acid with peroxide of lead, peroxide of iiiangiinose, or chromate of 
potassium (Wohlwill.) 

Prcjinra/ioii— Aqueous selenic acid is usually prepared by fusing an alkaline selenite 
■with nitrate of potassium or SI ’ ' ■" ’ in of tho resulting .ilkiilino 

solemvte with a lead-salt^ and selouate of lead with sul- 

pliydi'io acid According to i „ ’CSs is not advantageous, 

hecuubo a portion of tho belcn.ite of lead obstiiintely resists decomposition The 
following 13 more convenient and pioductive Selemous .leid is fli'st prepared by 
dissolving selenium in nitric aeid , and the solution, alter modemto coiicentriition, is 
finally evaporated down in .i retort provided with a receiver, whereupon, iitLer tho 
excess of nitric acid and the vater have been driven off, the liquid suddenly becomes 
briskly ugitated, and a considerable, quantity of the selemous acid volatilises and con- 
denses in the receiver to a suowy mass Tlie solution of tins sublimed selemous ,ii ul, 
or cuprio selenite (prepared Ihercfiom with cupric carbonate suspended in u liter), is 
treated vatu ohlorme gas, the excess of chlorine is allowed to eiaporato fmm the 
hquid by exposure to tho mr at the ordinary temperature, tho liquid is salur.iLcd « itli 
pure euprio carbonate , and the cupric solcnate contained in the hqiiid (flltiired from 
wnaltered enpne selenite) is Bep.ival6d ftom cupric elilondo by precipitation with 
alcohol (which leaves the ehlorido in solution), or by repeated c'l'ystiillis.itiou The 
cupric selenate is then suspended in a small quiuitity of water, and decomposed by 
sulphydrio aeid, and the ■filtered iiqucons acid is eonceiitnitcd by evaporation o\or tho 
watei'-hath. The formation of aelenie acid by oxidising seloiuous acid with clilorino 
may be used for the prepar.ition of selenates, but not for the du'ect prepwatiou of the 
aqueous acid, because the hydrochlone acid formed at the same time reconverts the 
selamc acid, unless noutrnlised, into selonious aeid, slowly in the cold, quickly when 
heated. (Wohlwill) 

Von Hauer prceipit.ites a solution of potassiiim-selomte ■with cnlonim-iutrute , 
purifies the resulting calcium-seloimte by soluhon in water and precipitation by heat 
(it IS less soluble in lint than in cold water) , then decomposes it by boiling ■with excess 
of c.idmimn-oxalato and water, till the liquid is free from calcium , precipitates the 
cadmium from the filtered liquid with sulphydrio acid , expels the excess of that acid 
from tho fllti'ute by heat, .md eoncentiatcs by evaporation, 

l^ropc.1 ties — Selsiiic acid is .a transp.irent colourless liquid, which in tho most con- 
centrated state bods at 280°, and lias a specific gvanty ot 2 0 Tho hquid lu this 
state is not quite pure sclcnic ncid, H“SeO‘, but contains a little w.-iter in addition, 
which cannot be driven off without frutlicr decomposition of the acid into selemous 
oxide, water, and oxygen The concentrated acid resembles aidphui'io acid in m.iny of 
it.s properties It is lery hygioseupic and its admixture with water is attended inth 
considerable use of temperature. Tlie stiong or dilute and boiled with hydrochlone 
add, ohmmates chlorine, and is recliioed to solenious acid 

H‘SeO^ + 2HC1 = CB + mO + H'SeO’ 

On the othei hand, it resists the action of many reducing agents which decompose 
selenious acid Thus, it is not decomposed by aulphin-ons or sulphydrio acid, anef its 
solution dissolves nnc and iron, with simple substitution of the metni for hydrogen, 
not with precipitation of selenium, as is the case with selemous aeid (p 226) The 
free acid precipitates A«i liwi-sa/fs, even in presence of other mineral acids. By this 
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property, taken in connection with its reduction to selonious acid, with evolution of 
chlorine by boihng with hydrochloric acid, aeleiuc acid may be dietinguishcd from all 
other acids 

Selenates. 

Selenio acid is dibasic like sulphurio acid, and capable of forming acid as well ns 
neutral salts Only one acid selenate has, however, yet been prepared, viz that of 
potassium, KHSeO*. The neutral selenates have the composition, M''SeO* or M"SoO' 
Many double selenates are also known, represented by the general formulae, M"X''Se’0* 
and M’''XSe*0'', the last being analogous to the alums. 

The selenates of the alkali-metala are prepared by igniting selenium, selenides, or 
selemtes with nitrate of potassium or sodium , other selonatc.s by dissolving motnllic 
oxides, hydrates, or carbonates in selome acid , the selenateu of harinin, strontium, and 
lead, which are insoluble in water, and oven in nitric acid, by precipitation. Tliu 
selenates correspond very closely m their properties to the sulphates, with which tiicy 
are isomorphous Most of thorn suetam a red heat without decomposition Heated 
in a current of hydrogen, tlioy are readily converted into selenides. Heated witli 
charcoal or with cai honate of sodium, in the reducing flame, they arc also reduced to 
seieaides, emitting the characteristic horseradish odour When boiled with hydto- 
cUoric acd, they evolve chlorine, and leave selenious acid, from which selenium may ho 
precipitated by sulphurous aoid 

Selenate of Aluminium rosemhles the sulphate, and yields corresponding 
basic salts under similar circumstances (sec Sulphates) — Selenium-alums, via. 

Al'''KSa’0M2H’0 = corresponding ammonium- and 

sodium-salts, are obtained, by dissolving aluminium-hydrate in excess of soleiiic neid 
and neutralising with an alkaline carbonate, m monometne crystals (0 with ooOki 
and to 0), which effloresce slightly in the nir. They are all easily soluble in cold 
water, the sodium-salt orystalhses only from very concentr.ited solutions, and even iii 
presence of a considerable excess of aluininium-sclenate, only in small crystals mixed 
withselonato of sodium CWolilwill) The crystals of the pot.iabmin-H<ilt liuve.ispecifl'' 
gravity of 1 971 (Wehor, Pogg Ann cviii. 015.) 

Selenate op Haeium, Ba"SeO’, obtained by precipitiition, is awhile powder 
insoluble m water and in nitric acid, but converted into seleiuto and dissolved by 
boiling with hydrochloric acid, being thereby distinguished from tlio sulphate. Specillc 
gravity = 4 67 at 22° (Sohafiink, Jiiliresb 1863, p. 16.) 

Selenate op OADMiuxt, Cd'SoO' 2IP0, prepared as above (p 2,30), eryslidliees 
by cooling or spontaneous evaporation in small transparent t.ihles, which arc periiiaiicnt 
m the air, very soluble in water, give off half their water at 100°, aud the rest con- 
siderably below a rod heat (v Hauer) 

Selenate op Calcium, C,i'’ScO*.2H*0, prepared by precipitation (p 230), 
sepai'ates on warming its aqueous solution, in transpiireiit erystiils, winch reseniblu 
those of gypsum, and may bo obtained of cuiisiderahle size by .slow ovapor.itioii. The 
dehydrated salt hardens with water, like burnt gypsum (v Hauer) 

Selenate op Cuhomium and Potassium, or Scknic Oh/omr-ahm. erystal- 
hses after somo time fi'om the hqiud obtained by treating a concentrated soliilioii 
of acid potassium-chromate with splenic aeid and alcohol at a inoderato heat. 
(Wohlwill.) 

Selenate op Cobalt, Oo"SeO' 7H*0, resembles the sulph.ito (Mihselierlieli). 
—Potaasio-cobaltous selenate, Co"K-Sb-0", resembles the corresponding nickel-salt, 
(v. Hauer.) 

Selenate op Coppee, Gu"SeO’ 51PO, proparod by dis.solviiig copper op oiipric 
oxide in solenic acid, or by oxidation of the selenite (p. 230), is leoiiiorphoiis with the 
sulphate (Mitschor lioh). A mixture of cupric iiiid ferrous selenates yields, ac- 
cording to Wohlwill, in a number of succeasivo crystallisations, nothing but different 
combinations of the form of cupric sulphate (tridinic, u. 158), crystals having the 
form of ferrous sulphate (monoclinie) are obtained only w'hon the latter is in consider- 
able excess, as observed by Wohlwill in a mixed salt containing 3 at. Fo to 1 at Cii 
A solution of magnesium-selenate mixed with comparatively very amiill mmitities of 
eupne selenate yields crystals having the form of ferrous sulphate, and contuining 
Cu''Mg'Se'0’“ 28ffO. Selenate of zinc yields with cupric selenate a similar salt, 
containing Cu"Zn®Se*0'“ 28H’0. 

Feeeous Selenate, ro"SpO< 7H=0 (or 5H=0) —This salt, obtained by dissolving 
iron wire m seleme acid, and cvapoiMtiiig in an iitmoaphoro of hydrogen or earhoiue 
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unhydride, ci-yiitn,Uis.eB -witU 7 at. watre and the form of ferrous sulphate, only at tem- 
peratures a little above 0® Tho monocbmc crystals thus obtained become opaque, 
and give off part of their -vrater even on slight rise of tcnipar.iture , and at temperatures 
not much above f>°, the salt ciystuUises with only 5 at. water, and in the form of 
euprio sulphate. (Wohlwill) 

Sni.ujfATB OP Lead, Pb''SeO*, is obtained by precipitating selenate of sodium 
■with nitrato of lead, as a white powder insoluble in nitric acid Specific gravity = 

6 37 at 2i° (Sohafarik) This salt occurs native, w.ith selenide of lead aud antimony, 
niiihielute, &c. . ' ” ’ ' ' . iiiiue, near Hildbnrghansen, and st Eisfeld, in 

small, brittle, i nd botryoidal masses, cleaving distinctly in ono 

direction Tins mineral was reg.iwled by Kerston (Pogg Ami. xlvi 277) as a selenite 
of lead , but according to H Bose’s analysis, it is a selenate of lead containing a 
little copper. (Dona, li. 376.) 

SunENATE OP MAONBSitiit, Mg"SoOh7lI“0, exactly resembles the sulphate in 
form and solubility. 

Sheemate of Niokbe, Ni"Se0*.6H=0, obtained by dissolving the carbonate in 
selemo aoid, forms quadratic crystals, isomorphous the sulphate containing the same 
quantity of water (Alitscherhoh). According to v. Hauer, it crystailibes from 
neutral solutions by spontaneous evaporation in quadratic pyramids, -which give off! at 
■water at 100°, but cannot be completely dehydrated ■without further decompoaition. 
A imxtui’o of this salt and cupric selenate in nearly equivalent quantities, yields crystals 
havmp the form of ferrous sulphate (Wohlwill ) 

NiUil-poittsi.iim Sekmte, Ni"K^Se*0''.6H'-*0, forms monoclinio crystals, isomoiplioiis 
witli tho eon esjioiidiiig double sulphate It cannot he dehydrated without decompo- 
sition. but givosoff iit.irly 4 at water at 100°, whereas the sulpliste remains unaltered 
at th.i1 temperature. [Bespecting the crystallmo form, see also G v Bath (Pugg. 
Ami cxv. ■187 , Jahresb 1862, p, 216)]. 'The oortespondiug double salts formed by 
eombiiiatioii of the selenates of cobiilt, miignesium, and copper with the selenates of 
potassium and aramoiiiuin, crystalhses in the same fom, are permanent in tho air, 
more soluble than the coirespondmg double sulphates, and eanuot be completely de- 
hydrated without decomposition (V Hauer.) 

Sisi.BNATBS op Potassium. — Tho neutral soli, ITOoO', is prepared by fusing 
selenium or selenite of potassium, or native selemde of Bad, with s.iltpotre, diBSolving the 
fused mass in hot water, and leaving the coneontrated solution toorystallise. The excess 
of nitrate then aystallises out first, and afterwards the selenate, in crystals exactly 
resembling the neutral sulphate It deflagrates on glowing coals like saltpetre, and is 
equally solnhle in hot and in cold water (Mitseherheh). — The mid soft, KHSeO', 
exactly resembles the acid sulphate (Mitscherlich.) 

Sei.emate op Sieveb, Ag*SeO', prepai-ed by dissolving silver in selenie aoid, 
agrees with the sulphate in fonii and properties. 

Sp.Li.NATE OF SoDiUM, No’SeO*, is prepared like the potassium-salt, and ciya- 
tallises from aqueous solution above 40° in aiinjdroua eiystals ; at lower temperatures, 
OP by spontaneous evaporation, in crystals coiituiuiiig Na“ScO< lOH'O, exactly re- 
sembling those of filimber’s salt, and exlubitiiig. like tlie latter, a maximum solubility 
at about 33° (Mitscherlich.) 

Selenate op Thallium, TPSeO*, prepared by dissolving the metal or its 
earbonute m selenie acid, orystallises in long, white, prismatic needles, isomoiqilious 
with sulphate of potsssium, sparingly soluble in cold water, insoluble in alcohol and m 
ether (Knlilinann, Bull. Soe. Chim 1864,1.830 — Oettinger, Zeitsdir. Ch Pharm. 
1864, p 440.) 

Selenatb of Zinc, Zu'SeO^ 7H°0, is isomorpbons witb the sulphate Accord- 
ing to Mitselirrlich, it ciystalhses also ■with 2 at and 6 at. water, the dehydrated salt 
separating attomperatni'es above 30°, the hex-hjdrate between 20° and Id-". The solu- 
tion mixed with ferrous sulphate deposits, iiecoidmg to Wohlunil, crystals having the 
form of eupne siilpliate When a solution of zinc-sslenate is miicd with cupric 
selenate, the former being in considerable excess, the eiystals ■which first separate 
have the foim of eupne sulphate, and it is only the last that exhibit the quadratic 
form of zinc-selenate (Wohlwill)' — Selenate afzinc and thallhm, Zn'"tPSo-0".6H-’0, 
crystallises m nionoelinic prisms, isomorphous with magnesio-potassic sulphate 
(G, Wertiier, Bull Soe Chim 1866, 1 . 60) 

SBIBWIITM, OXVCKBORIDB Op. SeCl^'O =. SeCD.SeO’'. SelenacwUond. 
(B Weber, Pogg Ann eviii 616.) — ^Produced by distilling tetrachloride of selenium 
over selenimis oxide gently heated in a sc.alcd tube also in the decomposition of the 
tetrachloride by a am.ill quantity of water, and is therefore always present in the liquid 
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reBultanff from the JeUqueBoenoe of the tetrachloride, m damp air. K m a slightly 
velloTvish liqiud, having a specific gravity of 2 44, boiling at about 220 , filming m 
damp air, and easily decomposed by water into hydrochloric and solenioiia acids 

SBlBiariUM, SUiyHlBHS OB. Two of thrse eompoiinds. air known, ima- 
loffous in composition to selenioiis oxide and the unknown selcnic oxide. Tlio 
disulphide or selenious sulphide, SeS^ is produced by fusing 1 ut seleiiiuiii 
with 2 at. sulphur , also by the action of sul^hydric ucid on a solution of seleiiious 
acid* The latter method yields it as a bright yellow precipitate, heeomiiig duiker 
when dry. It softens at 100°, melts at a somewhat higher temperature, .iiid when 
more strongly heated, boils, distils over, and solidifies on cooling to an orange-yellow 
mass resembling orpiment Alkalis dissohe the sulphur from it easily .ind com- 
pletely, together with a small quantity of selouium. Alkaline siUphydrates dissohe it 
completely. (Berzelius.) 

The trisulphide or solenic sulphide, SeS”, is produced by fusing 1 at .selenium 
iTith 3 at. sulphur It is a bnek-red, fusible, vobitilo solid, soluble without rosiduo m 
alkaline hydrates and sulpliydrates (Berzelius.) 

SBZVIBCARPtTS. Tlie almonds of Semecarpus Anacardmm, L, {Anacatdium 
o'-ientde) East Indian plant, contain a small quantity of sweet oil, the perieurp 
contains 32 per cent of a a vesicating oil of specific gravity 0 991. easily soluble ui 
ether, hlaokeiiing on expusure to the air. (J Lepire, J. Pharm. [3] xl. 18 ) 

SBMBW CIWJG. Syn. with WoBMSEun. 

SBIHEW COCCOOHXBXX. Mezereiim-seeda (ui. 1010). 

SBimxBSlo'zlBAlVX. This name was given by Zinin to a compound produced by 
the action of sulphide of ammonium on dimtrohonzene ; probably impure o-plienylene- 
diamine (iv 480) 

SBmXirAPBTBAXiXDAm, SBnmrABBTBABXDXZirE. Sco the next 

article. 

SBDSXH'APHTa'VX.AIVIlII'E. = AwinoNM'llTiIYI AJItNll, C'“H"(NII’)N 


or NAFHiHyLENE-DiAJHiNE l-N", ulfo Called StnunaphthalvdiM, Siimnaphtha- 

lidam, AiouaphiliplaiMim. (Zinin, Ann Cli Pliarm In. 302 j Ivxxv 329.) — A 
base produced by the action of sulpliydrato of iimmonnim on diiiitronaplitliuloiio (n . 1 o ) 
To prepare it, diintroniiphthaleiio is dissohed in alcohol satunited with ammonia, and 
tlie crimson solution is saturated with aulphydric iieid, then boiled, wliereupoii it de- 
posits a large qii.intity of sulphur, afterwauls, mixed with water, boiled again, and 
filtered quickly at tlie boiling heat. On cooling it deposits a hirgo qiiiiiitity of iiaplilliy- 
leue-diamine in thin, sliming, copper-coloured needles, which m.iy he roiidcud colourless 
by altomate crjslallisiition from alcohol and water 

Nuphthylenc-ihamiue crystallises from alcohol m long shining needles, slightly 
soluble in water, very soluble in alcohol and ether, forming brownish-yellow solutions, 
wlnoh quickly Leeoino darker-coloured nnd turbid on exposure to the air In the dry 
state it may easily bo kept unaltered. It melts at 160°, and when heated aboie 280°, 
bolls and distils, with partial decomposition and cnrhonisation. It dissohes in atimig 
sulphuric acid, foiiumg a davk-violot soluliim, which romaine iinelmnged for mouths if 
left to Itself, hut, on addition of water, is immediutidy traiisfoimed into a reddish- 
white crystalline mass Tho alcoholie solution of the b.iso is decolorised by aqiieuiis 
acids, forniing crystalline magmas, w'hence it is precipitated by luiimoiiui willuuit 
alteration. 

Salts of Niiphtliylene-diamine — This b.iso is diaciil, uniting willi 2 at of ii 
monatomic and 1 ut. of a (hatomic ncid The Injdtochlomle^ U‘"J1'“N° 211CI, i« pre- 
pared by dropping rather strong hydroclilorio acid into a cold concentiiited solution of 
naphthylene-dianiine in a vessel externally coolid. A miigmii of shilling scales is thus 
obtained, winch must be w'asbed with alcohol The s.ilt cannot be siililiincd Its 
aqueous solution becomes coloured on exposure to tho air Tlio chlmomticiuttfe 
oryatullisoB in broad very soluble laminie — ^Thc eldoroplafinale, 2ll(.T.ri"'UP, 

is a yellow-brown sparingly soluble powder 

The sidpliaie, C"’H"'N'HkSO*, is obtained by treating an alcoholic solution of tlin 
ha.so with dilute suljihurie acid, as a white powder, slightlj soluble in water 
nnd in alcohol, whence it ciystallises in colourless scules. — Tho jiAoqiha/e forms sinning 


procIpUatc thus formed is onl) 
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BCttlea, more stable than the sulphate, _ shghtly soluhle m water and la alcohol, and 
crystwlliamg thciofrom without alteration 

Tlie oxalate is a white crystalline powder, shghtly soluble in water, still less soluble 
in alcohol and in ether, A solution prepared at the boiling heat deposits it on cooUng, 
in sinning scales — The tat it ate crystalUbes in radiate groups of slender needles, mode- 
rately soluble 111 water and lu alcohol, less soluble in ether It decomposes in 
Bolution, but 13 more permanent in the dry state 

SBMI-OPAK. A variety of opal, translucent at the edges only (iv. 204) 

SBNABnZON'TITi:. Themonometricvaiiety of antiraonioiis oxide, Sb“0®(i 333), 
occurring .at Sensa, in the province of Constantino, Algoru, and at Peniock near 
Mulackza in Hniig.iry, in regular unmodified octidiedrons, and in niiisBCs with granular 
structure Hardness = 2 to 2 6 Specific gravity = 6 22 to 5 3 It has a gieyish or 
yellowish coloui, and resinous lustre nichiiiiig to siihndamantine , transparent to 
translucent. 

SBWBCA OIIi, American petrolenm, so called because it was collected and sold 
by the Seneca Indians. 

SENHGAI. otriw. Sea 01111 (ii. 954). 

SBUTEGllor or SEIO'ECVIIT. See SaroKiN (p 193). 

SBITWA. A purgative drug consisting of the loaves of Cassia aoutifolm, a shrub 
indigenous in ISgypt, Hubia, Arabia, and India, and Cassia ehotxda, indigenous in 
Egypt, Tripoli, and Sy-ria It has been examined by several chemists, chiefly with 
the view of extracting tho active principle, but tlio results are by no means accordant. 
Lasaaigne audPeneulle (J Phann. x 58) attribute the purgative action to a bitter 
uucrystallisable substance, soluble in water and alcohol, insoluble in ether, which they 
denominate eathartin (i. 817). Bley and Dif sel (Arch Phaaim [2] Iv. 267), ob- 
tained from Bonna-le.ives a Biinilai’ substuneo, together with a yellow rosin, ohryso- 
r e 1 1 n (u 960), soluhle in ether, und resembling cliiy sophamo acid, probably a mixtui'e 
of that acid with other suhstancos Accoudiug to Martius {Monograplae der Senim- 
hlaitei, Leipzig, 1867), senna contains chrysophanio acid (i 268) together with two 
brown Biibstanees, similar to or identical vjth the aporetm and phseoretiu of rhubarb , 
also margann , be regards the chrysophamc acid as the active principle. Sawioki, 
on tile other hand {Disseiiatio tnaiigiiralis, Porpati, 1867), doubts the ooiTPctness of 
tbs view, inasmuch as the puigative principle of seuna is extracted by water much 
more easily than by alcohol, whereas cbrysopuaiuo acid is nearly insoluble in water, but 
dibsoli es in alcohol, by which indeeditia extracted from rhubarb Wiggers ondBinours 
to explnm this contiadiction by supposing that tbo chiysophanio acid in senna is for 
tho most part combined with bases, and in that state insoluble m alcohol, whereas in 
rhubarb it exists clucfly m the ftee state 

Martius found in senna-le.ivcs from Cassia acutifolia from 9 to 12 per cent, of ash 
The composition of tho ash in 100 pta is, oceording to Martms (a and b) and 
Scliieiber (c), as follows — 

K’O N«20 MzO CoO Fe"'PO< I«0» SIO' Cl SO’ CO* SenA 

Ale-xandrian (n) 16 58 1 08 7 46 36 92 0'32 2 00 0'36 2 95 24 76 6 97 

Hast j(5) 11'20 8 60 6-10 36 28 0'70 . 4-06 0 70 3'62 21 10 3 69 

Indian j(c) 13'17 1 24 0 86 30 36 1 60 3 82 14 49 3 81 1’46 23 67 

SBPBBIWNE, or SEPIRIMTE. Syn. With SiPEtmiNE. 

SB?ZA. A dark-brown pigment prepared from a black juice, which is secreted by 
certain glands of the cuttle-fish (Septa officinalis, Sepia Loligo, See.), and ejected by tlie 
animal to darken the water when it is pursued. One part of the juice is capable of 
making 1000 parts of water nearly opaque. Tho juice, when dried, yields a black 
mass, which, according to Prout, consists of 78 per cent, black pigment or 
me laiiin, 10'40 calcium-carbonate, 7 00 magnesium-carbonate, 2 16 alkahne Bulpbatoa 
and eliloridoB, and 0 84 mucus The black pigment may be isolated by boibug tho 
black in.iss successively with water, hydrochloric acid, und dilute solution of am- 
niouuim-caiboniite. It is a black, inodorous, and tasteless substance, quite insoluble 
in water, alcohol, and ether, but, remaining suspended in water for a very long time. 
Its deposition may, however, be accelerated by addition of acids or sdl-ammoniac. 
It dissolves in warm caustic potash solution, forming a dark-brown solution, from 
which it IS precipitated by sulphuric and hydrochloric acid, hut not by mtrio acid. 
It dissolves also in ammonia, but not in alkaline carbonates. 

The pigment is prepared by saturating tho dried native sepia with a little caustic 
lye, then adding more lye, boiling the liquid for half an hour, filtering, precipitating 
with an acid, washing tho precipitate, and drying it at a gentle heat. It is of a dink- 
brown colow and fine gram. 
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Os scm<e, Meerschaum, or White Fish-bone, is the calcareous shield or sholl on tlie 
back of the cuttle-fish. It consists of two layers the upper thin, but very compact, while 
the lower is thicker but porous The upper layer contains, according to John, 80 per 
cent, ealcram-carbonate with traces of ^osphate, 9 gelatinous substance, insoluble in 
water and in cold lime-water, 4 water, and traces of magnesia. The lower layer 
contains 85 calcium-carbonate, with traces of potash, 4 gelatinous matter, and 4 water, 
with traces of magnesia. Forehhammer foimd in Oa sc^ia 0 10 per cent magnesium- 
carbonate.' 

Os sfypiee is used as tooth-powder, for polishing, and for modelling for fine gold 
articles , it was formerly used as an internal remedy m cases of goitre. (Haiidw. d 
Chem vu 839 ) 

SBPIOXilTE. Syn. with MEEEsoniuM (m 864). 

SEPIBISTB. Syn. with Sipbeiiine. 

SEPTABIA. Calcareous oonovetionsintersectedbyTemsof calespiir, which, when 
calcuied and ground, form an excellent hydraubc cement. 

SBBBIAIir. Syn with MinoscHm. 

SBSZcic ACID. Syn with Myhistic acid. 

SEBICIH' (from Sificu, silk). A niiine proposed by Schlossborger (Ann. Ch. 
Pharm ex 246) for the flbroui of silk and of gossamer-threads (li 644), whicli, ac- 
cording to him, are identical, but different from the organic matter of sponges, for which 
he retains the name fibrom 

The name sorioin was formerly also applied to myristm, the glyceride of myristic 
acid (ui. 1072), on account of its silky aspect. 

SERICITB. A mineral occurring in a schist of the Taiinus rnngo in 'Wcslern 
Germany It has a greenish or yellowish-white colour, silky lustre , haiduess t= 1 , 
speciflc gravity ■= 2 897 Pohated in one duection, the plates henig undulated 
Exfoliates strongly heforo the hlowjiipe, and molts on the edges with .i bright light, 
forming a greyish enamel. Decomposed slowly by hydrochlorie acid Coiit.niih, 
according to List (Ann Ch Ph.irm Ixxxi 193), 1 22 per cent, lluoi'ino, OdU jilios- 
phorio anhydi'ido, 169 titanic anhydrido, 60 00 siliea, 23'05 .iliiniiiiii, 8 07 fiiinus 
oxide, 0 93 magnesia, 0'63 limo, 9 11 potash, 1 75 sod.i, luid 3 11 water ]l. is dis- 
tinguished from potash-mica by its small iimouiit of aliiniiiia. List regards it us 
identical with Damourite (ii 303). 

SBRZCOXiITB. 8akn spar. Aihsspath A mineriil from Alston urone, in 
Cumberland, foiiiicrly regarded as a fibrous urriigouitc, but liclongmg, aceoriling to 
G. Eose's latest investigations, not to urragonite, hut to culcspar. (Haiidw. d. C'liein. 
vii 841) 

SEROZiZir. This name was given by Boudet (J Pharm xix 291), to a fat 
which he obtained by treating dried blood-senun with ethei or boiling absolute alcohol, 
and evaporating the solution Accordiiig to Boudet, it is quite destituto of crystulUno 
structure ; according to 'V erdei 1 and Alareet (J Pharm [3], xx 39), it ery st.illises 
from boiling nlcbhol m nacreous lamiuiE 'When once separuled from hloixl-seriiin, it 
no longer dissolves in that liquid. According to Q obloy (iW xxi 2 11), tlin su-calli d 
serohii IS not a pure substance, but a mixture of several fats ol diil'ereiit mcldiig 
points. 

SEROVS rx.VZD. The serous cavities of the body (via,, iieritoiieal, iileiir.il, 
perioaidial, &c.) contain a small quantity of fluid, called seioiis fluid, tieiii its geucr.il 
resemblance to the serum of blood A simikr fluid, found in blisters, iii eiitiiul.ir 
vesicles, and in the inter slices of comicetno tissue, isnioio gciier.illy c.illi d ‘lymph’ 
Under ceituin morbid conditions, tho quantity ofaeious fluid m various pails buconifS 
very much inereiiscd, giving rise to tho various tonus of dropsy. 

Theie is reiisoii to believe that in health, iiiid during life, sei'oii.s fluid, whether from 
peritououra, pencaidium, pleura, or vagiua testis, possesses, like blood, tho property 
of coagulating at the ordinary temperature when leiiioved fiom tho hoily , m other 
words, that it coutaius both the clomeiits neeessaiy foi the furmiitioii of fihriii 'Wlieti, 
liowever, serous fluid is not removed from the body until several hoiu-s niter death, tlio 
power of spoutaneous coagulation has either heeoino very much lessened or mitiri ly 
disappeared. "Wheu the quantity has been abnormally iiicnsised, as in dropsies, iKo 
spontaneous coagulation is often absent. In most of those cases, if not in all, coagiil.i- 
tion (formation of fibrin) con ho biouglit about by tho addition of blood, or of a 
solution of globulin (fibnnoplastin), showing that one element of fibrin (fibrinogen) 
still remains These flbrmary elements m.iy be sep.irated by sutnlMlIiig llie fluid with 
sulphate of magnesia and tlltoriiig, m which pioeoss they .iro reUmed on tlie filter, and 
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nmy be rea.dily dissolved in water ; or by diluting the fluid with 5 or 10 times its bulk 
of water, and either passing carbonic anhydride through it, or cautiously adding a few 
drops of dilute iicotic acid, collecting the precipitate, and disaolviug it in a dilute aolutiou 
nf a neutral oUtaluie aalt, or hy the aid of a few drops of an extremely dilute solution 
Ilf iMustic alkali Serous fluid, wlien freed by flltration from fibrin (if it has been 
toiined), cpithelml scales, &c,, is clear, slightly fluorescent, of a yellow or golden 
col ;ur, and distinctly alkaline, with a specific gravity varying from 1'006 to 1 030. It 
coiitiuus, boaides the fibtinary elements, albumin, fats, cholesferin (piotiigoii ?) sugar 
(or au luifermeutahle substance reducing cupiie salts), uim, une acid, and frequoiitly 
Minthiiio. According to Nauiiyu (Arch. Anat Pliys 1865, p l66j, creatine, crea- 
tinine, and hippmie acid are never found in it The iuoig.imc salts are nearly the samu 
as those of blood-serum In serous fluid which liad become purulent, Naunyn found 
loiicine, tyroMiio (giunine), and xanthine, but no urea or une acid In 1000 cc. of 
peritoneal fluid (nscites). Planer found 95 3 ec. free, and 48’8 ee, combined, carbonic 
anliydi'ide, 21 0 cc. nitrogen, and 0 14 ce oxygen (measured at 0° and 76 mm ). The 
following table shows the composition of serous fluid from various sources; — ■ 


Speciflo gravity 

Solids .... 
Albumin 

Fat and extractives 

Salts .... 

1 

% 

% 


(tl 

% 


i ^ 
§1“ 
li£ 

1021 

94U 155 
69 845 
43-865 

7 748 

8 242 

1 022 

934 079 
66 921 
61-758 

4 942 

9 221 

936 0 
64 0 
63 4 
3-0 
7-4 

957-59 
42-41 
27 82 

966 13 
44 87 
26-49 
12-69 

6 69 

946.0 
64 0 
33 0 
13 0 
8-0 

Specific gravity . 

Solids ! ! ! 

Albumin . 

Fat and extractives 

Salts .... 

i|p. 

pi 

ill 

fis 

ir 

ijl 

11^ 

lil 

il« 

il 

1 

i 


Tears 
(Lereh ) 

1-094 

984-69 

16 60 
6-17 
126 

8 0b 

963 68 
32-3-2 
1611 

5 27 
10-94 

1018 
947-17 
62 83 
42 05 
3 02 
7-76 

982 17 
17-83 
3 64 
6-19 
9 00 

986 870 
13 130 
1 223 
4 210 
7 697 

982 0 

18 0 

60 

IS 2 

(NaCl 13 0) 


Hoppe (Schmidt, A. Archi. Anat Phys. 1861, p 713) estimated, by means of the 
polan/ation apparatus, the percentage of albumin in 38 cases to be as follows — Hydro- 
cele mean of 17 cases 6 6; pericardium, mean of 11 cases 2 0, c.ase of geneitd 
dropsy 0’7, case of typhus 4-0, peritoneum mean of 6 cases 1 3, case of general 
dropsy 0'2, pleura, hyorothorax 1 6, pleurisy 4-2 . — Aqueous AuTiiottr, which may he 
considered as a serous fluid, contains glohulni (fibrinoplastin) and urea The tears 
coirt.im mucus in addition to albumin, and are rem.irkable for their large amount of 
chloride of sodium. ]yl p 

SSRPEWrASIKT, or Arhtolachin, The bitter principle of the root of AmtoJooha 
serpentarui. 

SEStPEWTINH. Ophite, Ophiolite: including Tterolite, Marmohte, Metaxite, 
Wilhamsite, Buwemte, Chn/mtU, SparUing Asbestos, "Baltimonte, AiiUgonie . — A 
mineral, consisting esscntiully of hydrated magnesium-silicate, the magnesium being 
replaced, to a variable but never very considerable amount, by iron (ferrosiim). 

Seipeutine usually occurs massive, sometimes forming entire monntam masses, also 
grauulotis, impalpable, fibrous, or foliated, sometimes in crystals, apparently tn- 
inetric ; but these are not true crystals of serpentine, but pseudomorphs after chry- 
solite. From vai-iiitions m the proportions of its constituents, and its mode of 
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occntTonce, and from iidmixtiu'O with other minerals, it exhibits mimorous varieties, 
some of which have been regarded as distinct species, eg Picrohto, ’Williamsite, 
Bowenite, Antigorite, Baltimonte, &c. 

Serpentine has usually a leek-green or bhickish-green colour, sometimes nearly 
white, becoming yollo-wiah-gi'ey on exposure , it is often spotted or reined, as in rerd 
antique marble, which consists of serpentine veined with calcic carbonate. Chromo- 
iron is also frequently disseminated tliwugh serpentine, giving it a mottled appearance 
hko the skin of a snake, whence its name Streak white, slightly shining. Lustre re- 
sinous or greasy, but of low intensity ' the fibrous ranety, elirysotil, has a silky bistro. 
Translucent to opaque. Hardness = 3-4. Specific gravity = 2507 - 2691, 
Fracture conehoidal or splintery Sectile Thin fibres flexible. 

Serpentine heated in a glass tube gives off water and often blackens Before the 
blowpipe it mostly burns white, and melts witli difficulty on the sharpest edges 
IV hen pulverised it dissolves in hydroelilorie, and more readily in biilpliiiric acid. 

Some serpentines contain alumina, others are free from it In the following 
analyses the two classes are distinguished, and in each class the analyses are arranged 
according to increasing amount of iron — 

I Serpentines not containing Alumina — a. Sorpontino from Guliijo in 
Wermland, Sweden (Mosiinder)* — h Bowemte, from Smithfleld, Itliodo Island 
groou , flne-gi'amed , epeeiflc gravity = 2'694 — 2787 (Smith and Brushl. — 
0. Sorpeiitino from Sala, in Sweden (Lyohnell) — d Wdhamsite, from AVest- 
eliester, Chester County, Pennsylvoiiiu. ^ green, laminated , speciflo gravity = 2 29 — 
2'64 ; aceoiupanied by common serpentine and ehroma-iroii (Smith and Brush) — 

e. Chrysotil, from Newhaven, Connoctiont • specifio gravity = 2 49 (Brush). — 

f. Picr'ofifc, from'Eeichenetein, in Silesia greenish-grey (List). — g. Marmohie, ieam. 
Blandfoi'd, MassaehiiBettB (Shepard ) — h Serpontino, fromWiudish Mattrey, Kaisor- 
thal, in the Tyrol conohoidal, specifio gravity = 2 59 (Gilm). — t. Serpentine, 
from Kynanoe Bay, in Cornwall (Houghton) • 
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II. SerpoiitineB ooutaining Alumina — a. C/uy/.iofi/ in onmpaet serpentine, 
from Ahbotsvillo, New Jersey yellouish-white (Beakirt) — b Marino/ife tiom New 
Jersey (Garrett) — o Wuliamsite from 'Westchester (Ilorniaiin), — d. Chigsatd 
(sparkling asbestos) from Eeiclionsteiii in Silesia (v Kohell ) — e Noble sorpe'nliiio 
from Pahhiii (Lyohnell).—/. Serpentine from tho Serpontmo Peak, Ate Clioiiire, 
between Breoiia and Chombairain the Viilais maosivo; blackish-gioen (Scliweiver) 
—g. Antiqonte from the Antigoria Valley near Homo d’Osola (Brush) —A Riuhtited 
Hcrohtcfeom. the Ttiberg, Sweden (Lychnoll)— i. So-called anbestos from the com- 

r it serpenliiie of Zoblitz in Saxony spceific gravity = 2 60 — 2 66 (0. Schmidt). — 
BalUmonte from Bare Hills, Maryland (Thomson)- 



All these analyses maybe approximately represented by the formula .3Jrg''0 2Si()“.2y''‘0, 
or Mg''SiO’.Mg’SiO^ -IH-O, the magnesium being more or less rephicLd by iron, and 
tlio silica in the seipeutmes of tho second class partly i epluced by alumina '('lie 
calculated composition of a non-alimiinifoi-oiis sorpontino is, according to this for- 
mula, 44 14 per cent silica, 42 97 magnesia, and 12 80 water 

Serpentine is frequently a result of pseudomorphie ehaiigos. Hornbleiidn, iiiigite, 
chrysolite, garnet, spinel, inicii, and many other minerula occur thus altered. llnsO 
has found that some of the supposed crystals of seipentiiio are partly chrysolite, the 
change not having been complete 

Precious or noble serpentines come from Pahliin and Giil.s]o in Sweden, the Isle of M.iii, 
the neighbourhood of Poitsey in Aberdeenshire, Corsica, Saxony, and Siberia, and iii.iny 
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loealitiea m the TImted States of America. Serpentine occurs in crystals at Late 
Auaohkal, in Mi«sk, Borsovka, &o. Common serpentine occurs at Lizard’s Point in 
Cornwall, and many other places. 

Serpentine admits of a high polish, may he turned in a lathe, and is need for making 
Tases, boxes, and Tarlons ornamental articles, it may also be made available as a 
sovu'CB of magnesia. (Dana, ii. 281 ) 

BBRPEirTIia'B-A.SBZISTOS. Chrtjsotil (Soo the last article ) 

SERPEirTZigril-nOXiOniXTE. Mixtures of serpentine and dolomite Por 
these and similar mixtures of serpentine with calespar, magnesite, &c., T S. Hunt 
(J pr. Cheni Ixxiv. 160) proposes the name ophiolito, distinguishing them as oal- 
citio, dolomitic, inagnetitic, ophioHtic, &e 

SBBPBBTIN’ITE, from Eeichenstoin in Silesia, appears to be a soft, somewhat 
steatitic alteration of serpentine. * 

SUBBATtrXiA TmCTOaiA. Sawwort. A composite plan( of common occur- 
reiioe, formerly cultivated for its yellow dye, which, however, is now seldom used, as it 

13 inferior to weld. 

BBRTTM OP SBOOD. See Blood (i. 608). 

SBRVK OP miliK. Whey The opalescent liquid containing nulk-sugar and 
various salts, which separates when milk is curdled by the action of acids, rennet, &e 

SBSAlUE-OIXi. A fatty oil obtained fram tho seeds of Sesamum orieniak, a 
plant indigenous in India, aud cultivated in other warm countries According to Lofort, 
it has the composition C'''H‘“0', and forms with bromine and chlorine the substitu- 
tion-products C"’II''BrO‘ and C“'H‘'C10“ It is a non-drying oil, of yellowish colour, 
inodorous, and having a slight taste of hemp. Specific gravity = 0 9230 at 15°, 
dmumshing, witli rise of temperature, by 0 00073 for each degree centigrade. At - 5° 
It Bolidiflos to the consistenco of pahn-oil. It is used for burning in lamps, for soap- 
niakuig, and for adulterating oUve-oil , in India as an article of food. 

SBSIiBBIA caiBiriiBA. Sim Moor Crmss — This grass, growing on the moun- 
tains of England and Scotland, contains, according to 0 Sprengol (I f techn 
Cbcm X 61) in 100 pts • 65 pts water, 10 1 matter soluble in water, 19'0 soluble m 
dilute potash, 0 8 wax and resin, 14'9 (?) iron 100 pts of the dried plant yield 6'67 
pts .ish (Sprengel), 4 6 pts (Hrnsehauer, Ann. Ch Phann. lix. 204). The ash 
contains in 100 pts , after deduction of carbonic anliydride . 

K® Nb’O CnO MgO Al^OS Fe’C’ tiWO’ SO^ P’-O' SIOS NaCl 

14 8 4 3 22 0 truce 26 12 00 65 37 44 8 trace (Sprengel) 

9'2 8 8 17'2 6 4 . . 69 6'9 16 6 27-8 3'8 (Hmsobaner ) 

SBSQUI. Prefix, denoting one and a half e.y. Pe'O’or PeO'*, sosquioxide of 

SBVERITB. An Bigillaceous mineral from Saint-Sev^re in Prance, where it 
occurs in masses below tertiary gypsum It contains, according to Pelletier, 60 per 
cent silica, 22 alumina, and 26 water, and appears to be related to halloysite and 
loiiziii But it 13 very diffionlt to determine whether a mineral of tins character is a 
distinct species or a mixture. Another mineral from Saint-SevAe, exactly resembling 
seierite in physical characters, was found by v Hauer to contain 4442 per cent silica 
30 00 alumina, 18 4 water, and 0 65 lime (Handw. d Chem vii 844 ) 

SEXAKroviilTE. Breithaupt’s name for sulphide of lead, occurring at Berncastel 
in hexagonal forms, as a pseudomorph after pyromorphite (lahresb. 1862, p. 709 ; 
1863, p 796 ) 

SBVBBBTITBi Syn with Clihtonitb (i 1026). 

%HBA-BUTTBB. A vegetable fat obtained in WeBt Africa from the nuts of 
Sassia Phi Jen The nuts are shelled, and the kernels, which consist almost wholly of fat, 
are boiled with water and pressed Shea-butter is greeuish-white, solid at common 
temperatures, softens at 35° melts at 43° ; dissolves for the most pait in boiling 
alcohol, and crystallises on cooling; also in ether, and crystallises therefrom By 
saponification and decomposition of the soap, it yields an acid winch separates lii 
po.irly scales, melts at 61 1°, and forms a silver-salt containing 64 71 percent carbon, 
8 98 hydiogen, 27 S3 silver, and 8 48 oxygen (Thomson and W ood, Phil. Mag [3], 
xxxiv. 350) According to Ondemanns (J pr Chem Ixxxix. 205), it yields 29 7 
per cent, oleic acid, 7« 3 stearic acid (meltuig at 69°), hut no pakintic acid or .iny 
other acid of the series C-H^O'^ of lowei atomic weight. Similar results have been 
obtained by Buff (Gnn’Jm’s Ham/bnol, xvi. 334 ) 
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SBBU>'A'C or SHBBIi-BAC. Lae purified liy melting and straining (iii 461). 
Seotl-lae or grain-lao contains, according to John, trro resins soluble in alcohol, and an 
insoluble resin (lacoin), besides colouring matter, a bitter piinciple, and impurities 
Shellac conlains two resins and a wax, but no laecin. It is of yellowish-brown, brown, 
or blnek colour, translucent, hard, with a shining conchoidal frueture, and has, according 
to Brissoii, a specific gravity of' 1 130. It dissolves easily in liydroehloric acid, 
acetic acid, potasli, soda, and borax, but not in ammonia (Hatchett), with moderate 
facility in wood-spirit, and is precipitated therefrom by water It is perfectly soluble 
in araylio alcohol and valerianic aldehyde, moderately soluble in valerianic acid, 
slightly m amyhc valerate (Trautwein) It dmsolves partially in cold creosote 
(Eeichenbiich), but slightly in boding roek-oil (Sunssiiro) and in benzene, 
though benzene mixes with its solution in mothylic or othylic alcohol (Mansfield) ; 
in pts. of acetone, forming a thick oily varnish. (Wiederhold ) 

The bleaching of shellac on the large scale is effected by ehloriiio or its compounds, 
hut tlie best material for the purpose is hono-charcoal (Elsiior), especially lioiio- 
bhick, purified by means of hydrochloric acid, andnot subseqiioutly dried (Kraut). A 
perfectly white shellac, having a silky bistro, and completely soliiblo in alcohol, is 
obtained by the following process' 26 pts. of shellac iiro dissolved m 600 pts. of 
w.iter containing 10 pts of soda, and the solution is mixed with diliito hypoi'lilo- 
rite of sodium (prepared from 30 pts chloride of limo), and then with hydrocliliu'ic 
acid, ns long as the precipitate redissolves It is then exposed to tho sun for a day or 
two, filtered, mixed with sulphite of sodium, and precipitated by hydrochloric .loid. 
{Cfmehn’s Handbook, xvii. 420.) 

SHBPARBITB. This name is given by W. Hiudingor to tho small brown 
striated prisms, consisting essentially of a sulphide of olirommin, occurring in tho 
meteorite of Bishopsville in South Carolina (in 8fil). Shopard, who examined tins 
mineral, called it Schre^bersite , hut this name belongs to tho phosphide of iron and 
nickel occurring in meteoric iron 

SIBEBITB. Syu. with Enhellite or Bed Tourmalin. (See TounirAMN ) 

SXCCATI’VBS. Varnishes added to oil-paints to make (hem cliy quickly They 
are prepared by boding linseed-od with niotallic o.xidos, or salts Formerly litharge, 
minium, umber, and gypsum weie eniployed for tlio purpose, but inoio reeoiifly tlie 
oxides and salts of miiuganese have come into use , they prodiioe raiiidly ilryiiig sie- 
eatives, and when added to zinc-wbito, do not introdiico any substance that can ho 
blackened by sulphiirottod hydrogen A mixliiro of equal pai ts of ni.uigiuKius 
sulphate and acetate with an equal quantity of ziuc-sidphato and 97 pis ziiic-wliite- 
added in the proportion of ono-hidf to one per cent to tho zine-oxide with winch tho 
oil-colour IS to bo prepai'ed, is said to effect the drying of the paint in 12 hours A 
similar mixture is the siccative snmatuiuc dc Barntel, which, according to Holley 
(Dingl. pol J cxh. 398), 13 made by mixing from 6 to 0 pts of borons mimgimato 
with 96 pts, of zinc-white, and adding to zinc-white colours in the proportion of 
2J per cent. (Handw. d Chem. vn 840.) 

SIBA OAKPISTlI'OIiXA. The loaves and flowers of tins plant are used 
medicinally in Brazil for the same purposes as mallow. 

SIDEBITB. A name applied to native ferrous earhonato or s]mtIiio iism-orc, 
to pharmacosiderite or ouhe-ore (feme arsenate, ii. 171), and to a bliio variety of 
quartz from GoUmg, near Salzbnig 

SIDBBOCRABCITE. Syn. with Abichito, ono of tho forma of niitivo eiifiric 
arsenate 

SIBEROCOWITB. A variety of ciilcspar, coloured yellow or brown by forrie 

hydrate 

SIBBBOBOTB. Breithaupt’s name for a calcareous iron-spar from Iladst.i(lt in 
Salzburg apooifie gravity = 3 41 

SXBBBOFERRITE. Tins name is given by Balir (J. pr Chem. liv. 19t) to 
native iron found in a petrified tree on a floating ishind in the Eiihinger Luke in 
Smidand, Sweden. The tree is converted into ferrous bydi'ato (bog iron-ore), and the 
iron forms small grains, probably resulting from the reduction of an iron-aidt. The 
iron IS porous, and has a specific gravity of 6 248 to 8'497, inereased by hammering to 
6 628. 

SIBBROORASKITE, A native iron from North America, cmihnning a winip- 
what considerable quantity of carbon. (Torroy, Glockei's Gnindtss d. Min , p 31'2 ) 
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SIBESOnXEIiAirZI, A mineral from tlio palagonite-tufa of Iceland, resemliling 
oliaidian m colour, lustre, and fracture specific gravity = 2 531. Itdiifers from fame 
pulagomte (iv. 324) in notlieing deeomposilile liy hydrochloric acid Contains 46 10 
per cent silica, 13 73 alumina, 18 52 ferric oxide, 8 10 hmc, 3'21 magnesia, 2 33 soda, 
0 95 potash, 0‘35 water, and 6'62 reaidno ( =■ 98 81). The oxygen-riitio in the pro- 
toxides, aoscjnioxides, and silica is 1 3 . 6, the same as in labradonte. (Sartorius 
V. Waltershausen, Vullaniaclie Gesieme,^ 179) 
SXnBBOFHABniACOUTE. Syn with Abicbitb. 

BIBBKOPBBSITZ:. Breithaupt's name for a variety of meeitm-spar (Mg , Fel" 
CO“, found at Pohl m the Saxon Voigtland, containing 2 at. 1 ?b"CO’ to 1 at Mg"CO’ 
Angle, B E <= 107° 6', specific gravity = 3616 to3660 (Breithaupt, Sill Am J 
[2] XXVI 348). It is also found at Traversalla, in Piedmont, and at Bohrasdorf, near 
Schleiz An allied mineral from Mitterherg m the Tyrol was foimd by Kohn to con- 
tain 4 at P6"CO» to 1 at. Mg"CO“ (Jahrosb. 1858, p 733 ) 

SZBSBOSBOBB, A name applied by Breithaupt to a variety of bole, having 
a higher specific gravity ( = 3 24) than ordinary bole, which ho attributes to the 
presence of a larger proportion of iron 

SXBEBOSCRISOIiXTa. A forroso-fprrons silicate, occurring at Conghonas do 
Campo in Brazil, m hexagonal crystals, closely resembling eronstedtitc m coloiu' and 
other physical characters, and in its behaviour before the blowpipe. The analysis of a 
very small specimen by Wernokink (Pogg Ann. i 387), gave 16 3 per cent, silica, 
76’6 forroso-ferrie oxide, 4T alumina, and 7 3 water (= 103 2). 

SIBBBOSB. A name of native forrous carbonate. 

SIBEROSIIiXCITS. A mineral forming, together with tiinaonte, a brown mass 
on the tufa of Tonnara, at Cape Piissiiro, the southernmost point of Sicily It has 
not been isolated, but, by calculation from the composition of the mixture, it appears to 
contain 34’04 per cent, silica, 7 48 alumina, 48 54 ferric oxide, and 10 13 water. 
CWaltershansen, FiM Gesteinc, p. iSi ) 

SIBBEOTART AI.XTB. Sec Txntai.itb. 

SIBEKOTYPIS. A method of producing sun-pictures by means of ammonio. 
ferric citrate Paper impregnated with this salt is exposed to light m the camera, and 
the picture is developed witha neutral solution of gold or, bettor, of silver (Hersohel, 
Phil. Mag [3] xii. 226 ) 

.SXEBBBITE. Bed tourmalin 

BIBCEN’ITE. Syn with Nic3ax-i,iNNa;iTE (iv. 44). 

SXEIflXB. Syn. with Siniiim 
SXX.BX. The oldname of SaiCA. 

SIiiXCA. SiO*. Ondi> of Sthcium. Silmc Oxide, Silioio Anhydride, Anhydrous 
Silicic Aoid (Sthce, Acide sihetquo. Kicstdarde, Kiesehaure) — Tins compnimd 'occurs 
ubundiiutly, and pure or neaily pure, in quartz, flint, ehaleedony, horiistone, jasper, 
opal, &e , crystalline m quartz and its varieties , amorphous m opal (iv. 204 , v 1) It 
is the chief constituent of all sandstones, and enters largely into the composition of 
felspar and a great number of other minerals. 

Sihea IS produced .irtificioUy • 

1, By burning silicium in the air or in oxygen gas. 

*2. By the action of water on gaseous fliiondo of silicium . 

SiF* + 2H»0 =. SiO’ + 4HP. 

The silica is thereby precipitated as a gelatinous hydrate, ■wbich. when dried and ignited, 
lo.ives pure anhydrous sihea in tliofoi-m of an extremely fine wliito pnwrler ' 

3 By the decomposition of alkaline silicates — Pinw pulvenilcnt silica may bepro- 
paicd by fusing ground flint with about three times its weight of an alkaline carbonate, 
and decomposing the resulting compound with hydroihloric acid. A good mode of 
opeiating is to fuse a mixture of the carbonates ofpoliissiuin and sodium in equivalent 
proportions at a red heat, and add ground flint or qiuetz to the melted mass by sniiiU 
quantities at a time, each addition causing a brisk effenescence, due to the escape ot 
carbonic anhydride The mixture is then heated strongly for some minutes, and, after 
oooling, treated with dilute hydioehlorie acid, which decomposes it completely On 
eiapornting the liquid, the silica is separated as a gelatmous hydrate, which, on con- 
tinuing the heat, is ultimately converted into a white earthy ponder, consisting of 
anhj drons silica. It niinst then be digested with oil of vitriol, to remove any ti.iccs of 



SILICA. 




titanic osiilo that may be present, freed fi-om the strong acid by decantation, and lastly 
washed, cbied, and igmtef- it is then quite pure 

Silica may likewise be obtained nearly pure by heating quartz or flint to redness 
end quenching it m water , it is thus rendered finable, and may easily bo reduced to a 
fine powder 

Properties —The physical characters of natural sihca, both crystalline and amorphous, 
have been described under Opaj, and Quabtz The crystalline variety has the higher 
speeiflo gravity, rangingfrom 2 6 to 2'8, that of amorphous silica being between 1-9 and 
2'3. Quartz is also very hard, being capable of seriitcluiig glass ; the hardness of 
opal IS somewhat less. 

Silica, whether natural or artiflciol, crystallised or amorphous, requires a very high 
temperature to fuse it, lu the flame of the oxyhydrogen blowpipe, or of a spirit-lamp 
fed with oxygen gas, it molts to a transparent glass, which may be drawn out into long 
threads. It is not volatile when heated alone, but it is said to volatilise when very 
strongly heated in a current of steam {Gmdin’s Hundhook, in. 365), and has 
been found m the throats of iron-smelting furnaces, in concretionary nodules liaving 
a radio-flbrons structure (Seheorer ; H Bose, Jaliresb. 1869, p 147). Before the 
blowpipe silica decomposes carbonate of sodium with efforvosconco, and melts to a 
glass which is perfectly transparent, provided the silica is pure. In microcosnuc salt 
itis almost insoluble. 

Silica is decomposed by potassium at a red heat, yielding silicide and silicate of po- 
tassium , by carbon, m presence of iron, copper, or silver, at a white heat, into carbonic 
oxide and silicide of iron, copper, or silver ; by hydrofluoric acid into water and fluoride 
of silicon. 

Native silica, whether ciystalhne or amorphous, is insoluble in water and in all acids 
except hydrofluoric acid , so likewise is finely divided artificial silica after ignition ; 
and even m the gelatinous state, ns separated by acids from alkaline silicates, it is 
almost insolublo m water and in acids. The gelatinous hydrate obtained in the de- 
composition of silioio fluoride by water, dissolves, however, in a considornble quantity 
of water (Berzelius) In alkalis siUca dissolves wth greater facility. Broshly 
precipitated unignitod silica dissolves in aqueous caustic pofcish or soda at ortli- 
nary temperatures, and even after strong ignition it dissolves slowly but coinplotoly in 
a cold, and rapidly m a boibng solution of caustic alkali. The different kinds of 
opal which, like precipitated silica, ni-e amorphous, hchnve m the s.aino m, inner with 
alkahs. Hyahte dissolves more slowly than the other varieties m cold iiqueous alkiilis 
Quartz, even in a state of minute division, is perfectly insolublo in a cold solution, and 
dissolves but slowly in a boiling solution, of caustic alkali ; but under pressiu’o it dis- 
solves more easily, forming a solution of an alkaline sibciite 

Pinely divided amorphous sihca and gelatinous sihca dissolve also to a slight extent 
in alkaline carbonates, which are only partially decomposed thereby, and deposit the 
silica again on cooling in the form of an opalescent jeUy, containing a small qniintity of 
the alkali. It appears to be owing to the solubility of sihca in nlkiiline e.irbonatcs, 
that almost all spiing and river waters contain minute quantities of sihca m solution. 
When the acfaon of the alkaline liqmd is aided by a high temperature, ns in the 
Geysers of Iceland, very large quantities of sihca are dissolved, and ns the liquid cools, 
the sihca is deposited on the sides of the basin, or as potrifications on bodies 
contained therein. 

Sydrates of Stlica — Silica is precipitated from solutions of alkaline .silicnfAS by 
acids, in the form of a gelatinous hydnato, which, as already ohserved, is nearly in- 
soluble in water and in acids. If, however, a dilute solution of an alkaline silicalo bu 
poured into a considerable excess of hydrochloric acid, the whole of Iho silica is 
retained in solution, but may be precipitated by gradu.illy neutralising the acid with 
an alkali. 

From the solution of nlkalmo silicate m excess of hydrochloric acid, Graham (Phil 
Trans. 1861, p. 204) obtains a pure solution of hydrate of silica by subjecting the 
liquid to dialysis m a hoop-dielyBer of parchment-paper (iii. 716). If a stratum of 
^ 0^ nn inch m depth be subjected for four or five days to dialysis, changing tho 
water m the outer vessel at intervals of 24 hours, the hydrochlorio acid and tho 
soluble chlorides difiuse so completely into the water, that the liquid in tho diiilyser no 
longer gives a precipitate with nitrate of silver. 

A solution may he thus obtained, containing 6 per cent of silica, and by boiling it 
down in a flask, it may be concentrated tiU the quantity of silica reaches 14 per cent , 
in open vessels it is apt to gelatinise on the edge, and the whole then solidifles. Tho 
solution IS tasteless, limpid, and colourless, with a feeble acid reaction, rather gi’cater 
than that of carbonic acid, 100 pts. of silica require 1-85 pts of potiish (K=0) lo 
neutralise their acid reaction upon litmus. The solution is not easily preserved ior 
m,my days, as it becomes converted into a solid transporont jolly, iihich shrinks and 
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g!YPS up 'smter even in closed vessels The eoagnlatiou is retavded by hydioohloric 
ac\il, and by small quantities of caustic potash or soda. Sulphuric, nitric, and acetic 
acids are mthout action on the solution, but it is slowly coagulated by a few bubbles 
of carbonic acid Its coagulation is also effected in a few minutes by the addition of 
T ^ P™t of any .illcnlme or earthy carbonato in solution, hut not hy caustic ammonia, 
or by its salts, either neutral or acid. Alcohol, sugar, gum, and cni.imol arc without 
action on it, but solutions of gelatin, solublo aluniiiin, and soluble ferric oxide (in. 717) 
imuieduitely cause a gelatinous precipitate when solution of silica is gradually added 
to solution of gelatin in excess, the precipiUto formed consists of 100 pts silica and 
92 pts. gelatm 

The solution, evaporated at in a vacuum, leaves the silica in the form of a 
transparent glassy, very lustrous hydrate, containing, after two d.iys’ exposure over 
oil of vitriol, 21 99 per cent, water, which agrees nearly with the formula ffO SiO'^ or 
H'SiO*. (See also Auditions, p. 1088 ) 

Other hydrates of sihea liave also been obtained, but it is difficult to fix their com- 
position exactly, as sdica easily loses a portion of its water, even at low temperatures, 
and la moreover very hygroscopic. Ehelmen (Ann Oh. Phys. [3] xvi. 129), by the 
action of moist air upon silicic other, obtained a transparent glassy hydrate, containing 
3H-0 2SiO-. Doveri (liiii!. XXI. 40), hy drying ordinary gelatinons silica m vacuo 
over oil of vimol at ordinary temperatures, obtained a hydrate, which had the compo- 
sition 2H'“0.3SlO^ and gave off half its water at 100° Fuchs (Ann. Ch. Pharm 
Ixxxii. 119), hy drjjuig golatinous silica (prepared by passing gaseous fliionde of siliomm 
into watei) over oil of vitnol for 30 days, obtained the hyoi'ate H'O 3SiO“, eontaiimig 
9-1 to 9 0 per cent, water ; and by drying it at 100° for 18 days he ohtamed another 
hydriita contaiuiiig 0 6 to 6 7 per cent, water, agreeing with the formula H^O.iSiO* 

A very white and light hydrate of silica occurs abundantly in certain bods situated 
at the base of tlie clialk-formation, between the upper greensand and the gault. The 
proportion of hydr-ifcd sihea in these deposits varies greatly, ranging from 6 to as much 
us 72 per cent , and being most abundant in the upper portion of the deposit. 

SIXiZCA'rES, AXiCOKOlIc. See Smcia Eteebs. 


SIXiICATES, KETAZiIiZC. These salts occur abundantly ns natural minerals, 
constituting in feet tho greater part of the earth’s crust. Many siheatos may also be 
produced .irtifieudly, by fusing silica with metallic oxides, or with carbonates, sul- 
phates, and other salts containing volatile acids Some of the products thus obtained 
ara exactly similar, in crystalline form and other characters, to natural minerals of the 
same compiosition. Soma silicates, as those of potassium and sodium, are exclusively 
m-tificial products (On the artificial formation of silicates, see Lefort, J. Pharm 
[3], xxxix 110; Jahresh. 1861,p. 20S. H Devillo, Compt. rend. hy. 324, Jahresb. 
1882, p, 138. B. V Ammon, Jahresh 18G2, p 138). 

Tho silicates exhibit groat diversity of composition. Those which ooour as natui'al 
minerals coutain proportions of metallic oxide and silica, included between tho follow- 
ing limits 


». For silicates containing only 
atomic and diatomic metals 


8. For silicates containing ti'iatomic metals 211-0’ SiO’, and E'O’ 6SiO’. 

Somo_ of the artificial silicates contain larger proportions of acid , thus hy fusing 
silica with the carbonates of potassium and sodium in the proper proportions, totra- 
sihcatcs, K-’O 4SiO' and Na’O ISiO’, are produced ; potasn is also said to form an 
oetosilicate, K’O 8SiO’. 


The fellow lUg table exhibits the composition of the several groups of natural sili- 
cates, together with the ratios of tho quantities of oxygen contained in the base and 
acid (RiO-) m each case Tho symbol M in tho table denotes a monatomio metal tho 
substitution of equivalent quantities of diatomic and truitomio metals is easily made, 
the foimula in tho latter case sometimes requiring to be multiplied by three 
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Composition of Natural Silicates. 


Name of Group.. 


rormiila.t 

Examples. 


SI03 




1'^ 

SiO’ = 

Collynte2Al»0»SiO* = ABSiO" 

Tetrnbasie . te- 1 

1 i 

4M=0.Si08 = M'SiO* 

5 Statirohto (St Gothard) 

} (£Al'"lFe’")"Si“0'« 




fMargante 

|-silioates 

1 1 

7M30 2Si0* =M'W0' 


.^-ailicates 

1-? 

10M=O 3SiO“ M“Si»0>“ 

Thuringite (Fe^Al')Sf’O"’ 

Tribasio'tnto-) 
silioatea ( 

l.l 

3M30 SiO» = M"SiO» 

Cyanrto , Aiid<ilusito Xl’SiO" 

|-silioafea 

1-f 

8M’0.3Si0' =M'“Si»0>< 

Ohondrodito Mg“Si®0” 

f-ailioatea 


5M20 2Si0* =M>''Si30» 

Euclaso (GFAf’)Si’O'’ + aq 

Dibasic, hemi-'l 

1 : 1 

2M=0,Si0> =M'SiO* 

/I’ftyaUto 

. Ohvine (MgW)SiO^ 

OrfcbosilicatesJ 



'Garnet (Ca*AP)Si’0'* 

^silioatea 


16M’0 9St0* = MW0« 

Nepbehne (Na»Ai»)St»0»' 

l-silicdtes 


sk’O.SSiO = M'»Si'0" 

Preluiite (OMl’)Si’O'' 

(Baraowite (Ciryiii^)Si’0'“ 

|-silioates 

lili 

8M«O.CSiO' =M'»Si‘0'> 

|DichroitO(^j,5j«;^„.j,(Si30- 

|-silicates 


3M*0 2Si0» =M*Si'0’ 

j Sorpentane M^Si-0’ + 2 aq 
(Degcroito 

f-silioates 

1:1^ 

4M=0.3Si0’ = M‘Si»0"> 

Scolecite (Ca"Al3)Si30"’ 

Moncisilieates, 
or Meta- C 

Bibcatea ) 

1 : 2 

M»0=.Si03 = M»SiO» 

jWolldBtonite Cii''Si03 
jDiopsido (On, Mg)"SiO“ 




1 Oligoduao 

§-silieates 


8M>0 9Si0’ =iM">Si»0“ 

(Ca", Mg", K». NiM 

i IP |s.«o- 

j-sibcatea 

1.2i 

4M*0.5Si03 =M''Si=0» 

Talc Mg'Si»0» + 4 aq. 

f-silicatea 

1 2J 

6M’0 eSiO'' = M'«Si”0” 

Peetolito (Na-Ca')Si“0'’ 
(Orthocl.iflo (KArjSi->0» 

Sesijmsihcates 

1.3 

2M;30.3Si 02 =M-‘Si»0“ 

(Stilbito (Ca"Al-)Si“0'» + fi uq 
.'Otciiito Ca"SPO’ + 2 aq. 

Disilicatea, or ) 
Bisilicates j 

1 ■ 4 

M30,2Si03 =M=Si'0“ 

Bcaumontito 

j (Ca"Al'3)Si«0“ + C aq. 

IPetaliLo [(1,1 , Na)»Ai“lSi-'»0» 


diBtiDguishcd by nanios nh 
giving Smgulosflicates, 1 . 1 


t To convert tbe formula! in tills tnblo into the older foi 
®103, multiply the entire formula by 8, correct tho silicn 
reduce the whole to it£ lowest terms eg -2Mro .SIO= = 
2JP0.3S102 1= M20 @t03 Conversely, to cliango forn 
S10“, divide by 3, and correct for l©tOS = | SiOa. 

b2 


■h oiprosB directly tho oxygen-rnllo In tlio 
DMiuitcs, I 3 Tiisihcata, I 4 (luadio- 
nulmin-wllich sillcaw regarded ns * trloxlde, 
term by the equation ISiO^ and 

3M-0 ©103 , M30.Sl0= = 3M10 2©l(13 ) 
ulm containing ©io* Into tlioao containing 
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Tho diliasic eilicates in whieh tlio oxygon-ratio is 1 . 1, are regardecl ns normal or 
orthosilicates, and from these the mono- or metasihcatos may bo derived by abati'actioii 
of 1 at M’O Those two groups, together with the sesqmsilicatee (2 S), include the 
most numerous and important of the natural silic.ites. Many of the ordinary varieties 
of gluts may ho approximately represented hy mixtures of silicates of potassium, 
Eodiuui, CAlcium, &c belonging to the group of disihcates 

Hydrated silicates may bo referred to one or other of the preceding gi’oups, accord- 
ing as more or less of their water is regarded ns basic thus dioptuse may bo 
formulated either as a hemisilieato, Cu'H-'SiO^ or as a hydrated moiiosilicato, 
Cu"SiO’.H*0. In like manner okenite, represented in the above table as a hydrated 
disihcate, C.i."Si®0’.H*0, may also bo formaLited as a monosilicato, (Oa''H^)Si-0“. 

Most silicates nro fusible, and their fnsibihty is increased hy mixture with 
each other, those which contain readily fusible oxides melt at the lowest temperatures, 
aud m general the most easily fusible silicates are those which contain the largest 
proportion of base. 

All silicates are iiisoluhle in water, excepting the silicates of the aJlcali-metals, which 
dissolve with greater facility in proportion ns they contain a larger quantity of base. 

Some silicates are entirely decomposed when pidverised and treated with hydro- 
ehlorie or nitno acid, the bases being dissolved and the sihca being sometimes 
separated in a pulverulent or gelatinous form, sometimes dissolved either wholly or in 
part, the solution then yielding a joUy on evaporation. Snlphuno acid diluted with 
a small quantity of water, likewise decomposes the greater number of sihoates when 
reduced to ponder Some silicates, on the contrary, resist the action of all aeids 
except the hydiofluoric lii general silicates are more easily decomposed by acids , 
the stronger the bases contained m them, the less the silica prertominatos, and the 
huger the pioporlion of water present on this account many silicates containing 
water — rcolitcs for example— lose their solubility m hydrochloric acid after ignition 
All silicates without exception become soluble in ddute hyclroehlone or uitiie acid 
after fusion with from 3 to 5 times thoir weight of hydi'ato or carbonate of potassium 
or sodium, or with cnrbon.ite of barium, strontium, or calcium, or with oxide of lead , 
they become completely disintogrntod, andtho solution yields on evaporation, first a lelly 
and then a dry residue, of which the part which is insoluble in hot hycfroohlorio acid 
exhibits the characters of silica Andalusito, eyamte, staurolite, and zircon, require a 
full white heat to disintegrate them perfectly with an alkaline carbonate, and ai's 
more readily acted on by hydrate of potassium. From the native silicates, whether 
simple or double, winch contain potash, soda, or lithiu, the alkali may be separated 
by igmtmg tliem with kme, and treating the ignited mass with water With many, 
however, as in the cose of nepheline, leucito, natrohte, analoime, and chahaaite, it is 
Biiffioieiit oven to ignite them by themselves, and afterwaids boil them in a finely 
divided state, with milk ol lime, or to digest them with it for a longer time in the 
cold Cl.iys treated in this manner hkcwise give up to water the small proportion of 
potasli or soda which they contain , aud if they happen to ho nob in carbonate of 
calcium, they merely require to bo digested m water after ignition. Volcanic rocks, 
sttcli ns phonolitie lava, give up the potash or soda they contain by digestion witlv 
milk of hme, even without previous ignition 

SilicaU’S heated uith yZimr-spar and otl of vitriol in a platinum vessel, evolve 
gaseous fluoride of silicon, which, W'hen the vessel is covered with moistened felt 
deposits upon it white flakes of hydrate of silica —The same gas is evolved, with 
effervescence, when a siheato m the state of powder is immersed in a strong solution 
of hj dmfluoric acid Mici acosmic salt m the bbwpipe-flamo withdraws the base fi'om 
the sihaif os, and sets the silicie acid free The product is a translucent, blistered 
muss When a small quantity only of the mierocosmie salt is used, the mass diffuses 
Itself tliroiigh the silicious crust, when the quantity of flux is larger, the silica flo.its 
111 the fused head When only a small quantity of silica is present, the glass is clear 
wliilo fused, hilt becomes turbid on cooling, with stiU less sihca however it romaiiia 
transparent (Herz elms) —Silicates heated with carbonate of sodium before the 
blowpipe, expel the carbonic acid with efiferveseence. The sdieates of the alkali-metals 
anil of most of tho hcai 7 met.ils yield a transparent glass ; those of the e.mth-metals 
yield sometimes a dear and sometimes a turbid glass, according to the pronortions of 
si ica and of b.iso If the sihca contains at least twice as much oxygen as the earthy 
base, tile latter IS dissolved m tho glass hy the agency of the sibca. and the glass 
remains clear It the eomiiomid contains less silica, it yields a dear glass with a 
coitiparativdy small iii'oportion of sodic carbonate, but with a larger proportion, it 
terms a turbid glass, .ind ii ith a still larger quantity an infusible slag , for the gieater 
the amount of sodi,, the greater also is the quantity of the earthy huso which is separated 
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Quantitative Analysis of Silicates. Estimation of Silica. 

Por tbo analysis of silicates which are completely decomposed by acids, it is sufficient 
to boil the finely pulverised mineral with strong hydroeldonc acid as long as any- 
thing continues to dissolve, then evaporate to dryness, and boil the residue with 
water containing hydrochloric acid, this will dissolve cvoiything excepting the 
silica, wluoh may then be washed, dned, ignited, and weighed The liquid filtered 
from the silica contains the bases of the mineral, which may bo separated by the usual 
methods 

To ensure the complete separation of the silica, it must be perfectly dried before 
boiling it with the acidulated water. Now to ensure this complete dryness, it is 
necessary to heat the sihca somewhat above the lemperatnro of tho water-bath, the 
desiccation being completed over a sand-bath or a lamp. In doing tins it sometimes 
happens that too much heat is applied, and in that case a portion of the bases, especially 
alumina and feme oxide, may also be rendered insoluble in the dilute acid. To 
obviate this source of eiTor, the dried residue must be moistened all over with strong 
hydiuchlorio acid, then left to stand for half an hour, and afterwardsboiled with water. 
Everything will then dissolve excepting the silica. 

Silicates which, like felspar, resist the action of hydrochloric acid, are decomposed 
by fusion with an alkaline carbonate The mineral, very finely powdered, is mixed in 
a platinum crucible with three or four times its weight of dry carbonate of sodium; 
or better with a mixture of the carbonates of potassium and sodium in equivalent 
proportions, which fuses more roadily ; the platinum crucible is heated to bright 
redness for about twenty minutes in a gas furnace (ii. 784, 780), or placed within an 
earthen crucible half filled with carbonate of magnesium, and heated in an ordinary 
coke furnace , the fused mass, when cold, is removed from the crucible by digestion in 
dilute hydrochloric acid with the aid of heat ; the whole is evaporated to dryness , 
the sihoa separated, and tho bases are determined as above 

Some native silioatos, as zircon, cyiinito, cymophane, &c , aredecomposedwdUdiffieulty 
by fusion with alkaline oarhonates, requiring n very strong ho,it oontimied for a long 
time. In these cases the decoinposition may bo faoilitated by tho addition of a 
fragment of potassio or sodio hydrato, which however, to avoid injuring tho crucibUi, 
must be mlrodiieed into a cavity made in tho midtUo of tlio mixturo of silioato iinil 
carbonate, after it has been heated for a short time, not sufficiently to molt it, and 
solidly pressed down into tho eruoiblo 

By these processes, nob only the silica, but .all the bases of a Bilicato may bo deter- 
mined, excepting tlie alkahs. To dotermino those, the mineral, reduced to an almost 
impalpable powder, is very intim.itoly mixed with five times its weight of pure 
carbonate of calcium, and the mixture exposed in a platimira eriieible, profooted as 
above, to tho strongest heat of an air-fiirnaco or a blast gas-furnace (ii 78.')) for about 
half an hour The mass, which is not fused, but eintored together, is thru digested 
111 dilute hydrochluno acid; the silica separated as before, the grotiler part of tho 
lime and likewise tho bases of the sUicato precipitated by carbnuato of ammonium and 
free ammonia ; the fUtralo evaporated to dryness, and the ammoniaeal salts expelh d by 
ignition; the residue rcdissolved m water, tho remainder of the hmo precipitated 
by oxalate of ammonium , and tbo ammouiae.il salts again expelled by evaporutiou 
and Ignition The residue then oontams nothing but the chlorides of tho iilkali-inetals 
and magnesium, if that substance was contained in tho mineral. Cat Inmate nj liaiium 
may also bo used mstead of carbonate of c.ilciiim, and tlio excess of banuiii removed 
by snlpburio acid. 

Another method of obtaining the alkalis in a silicate, is to decompose it with 
hijlroflmric acid aided by a gentle bent. The acid must bo added by smull portions 
to the finely pulverised mineral oontamed m a platinum dish, till the net ion eeasus 
and the whole is reduced to a pasty mass This mass is then lio.ited willi strong 
Bulphnrio acid, which expels flnondo of silicon and lijdrofluoric acid, the residue is 
heated to low redness to expel the excess of sulphurio acid , the dry mass, when cold, 
IS moistened with strong hydrocLlorio acid, and, after standing for aliout lialf an hour, 
digested with water The whole then dissolves, provided tho decomposition by the 
hydi’ofluorio aeid has been complete. Tho solution contains tho alkabs and the other 
bases in the state of sulphates 

Eluwide of ammonium may also ho used instead of hydrofluorio acid- it acts morn 
energetioally, and decomposes certiuu silicates which offer consider.ible resislanee to 
the action of hydrofluorio acid Tho finely pulverised mineral is mixed in a plul mum 
dish with seven times its weight of the ammoiiium-iluorido, and made np into a pu>-to 
with a small quantity of water. The mixturo is gently heated for some tinio in order 
to dry it oompletoty, then to dull redness till it no longer gives off any lapoiir. The 
dry mass IS treated ivith sulphuric acid, the excess of that acid expelled hj ovaporal imi, 
and the residue digested with water Tho whole thon dissolves if the (lueompositiuu 
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hM 1)0611 complete ; in the contrary case a residue is left, wMoh must he again treated 
•with fluoride of ammoniuin Nearly all silicates yield to this treatment, zircon, 
howeyer. is not completely decomposed hy it, and must be treated -with carbonate and 
hydrate of sodium os above deaenhed. (H. Eose, TraiU de Chvme analytique,n. 867 ) 

Eiimatwn of Water and other volatile iubitances in Silicates — The water in most 
hydrated aiUoates is easily estimated by heating the pulverised mineral to redness m a 
platinum crucible, the whole of thn -water being then driven off without any further 
alteration of tho silicate. Some silicates, however, euclase and idocrase for example, 
retain thoir water -withgToat force, parting with it only at very high temperatures In 
such cases it is host to expose the mineral to an intense heat in a cm-reut of pure and 
dry air. Idocrase gives npits water only when heated nearly to its melting-point, and 
at the same time evolves a smuE quantity of carbonic acid, sufBcient to produce a consi- 
derable cloud in baryta-water, hut not large enough for quantitative estimation Some 
silicates contain small quantises of organic matter as well as water, and when strongly 
heated in a current of hydrogen, give off water containi^ empyreumatie products and 
ammonia , this is especially the ease -with pitchstone. The quantoty of carbon may be 
detoi-mined by ignition with oxide of copper, as in organic analysis, and the amount of 
hydrogen at the same time, if the mineral does not also contain water ready formed, 
but if water is also present, and is given off only at the samo temperature as tho 
organic matter, the determination becomes very difficult The emerald contains water 
and likewise a small quantity of organic matter, to which its colour is due. 

In some silicates there are other constituents to be estimated besides water, silica, 
and metallic bases. Thus datholito and bot^olito contain bone acid , tourmubno 
eontmus boric acid and fluorine, sodalite and ittnerite contain chlorine; cancrmito 
contains carbonic acid , hauyno and ultramarine contain chlorine and sulphur ; many 
silicates ooiilam fluorine and phosphoric acid, titanic acid also is of feequont occur- 
lenco m &ilio.ites. 

1 JioTioacnl. — The methods of analysing hocosilicates have been already given under 
Boron (i 631). 

2. Chlorine —Most silicates containing chlorine are easily decomposed by acids. To 
analyse them they are treated -with cold lutrio acid of specifle gravity 1 2, which either 
dissolves them completely or separates a portion of the silica in the gelatinous form ; 
in tho latter ease more water must be added, and tho liquid left at rest tiUtlie separated 
silica has settled down. The clear solution is then treated TVith mtrate of silver, the 
precipitated chloride of silver is left to settle do-wn in a cool place, then collected on a 
Alter, and treated in the usual way (i. 901). The excess of silver is precipitated 
by hydrochloric acid, the filtrate evaporated to dryness to separate the silica, and the 
analysis completed in the same way as for other sdicatea. ByrosmaUte, which contains 
chlorine, is not easily decomposed by acids its decomposition may however be effected 
by digesting it for several days with dilute mtric acid, at a moderate heat, tho flask 
being corked to prevent escape of chlorine, or, better perhaps, by fnsion with an 
alkalmo carbonate (H Eose) 

3. Mnonne. — Jl great number of siUcatos contain fluorine, though often only in 
small quantity Such silicates which, for tho moat part, aio not docomposod, or only 
nieoraplctely decomposed by acids, are analysed by fusing thorn -with four tunes their 
weiglit of alkahno cariionate, and boding the fusod muss -with water. The -whole of 
the fluorine then dissolves in the form of alkaline fluoride, together -with a certain 
portion of the silica and alumina in the mineral. The insoluble matter is collected on 
a filter and washed, first with pure water, then -with water contaiumg carbonate of 
ammojiium. To sepaiato tho silica ihssolved in the alkaline filtrate, the liqmd is mixed 
■with an alkaline solution of ziuc-oarbonate, which is added ns long as a precipitato 
continues to form; then evaporated to dryness, and the dried mass treated -with water, 
which leaves tho -whole of the silica uiidissolved, together -with oxide of zinc. The 
iiisohible residue is then to be treated -with nitric acid, the sihca separated by evapo- 
ration to dryness, &c , and weighed. The liquid filtered from the siheato of zuie 
contains the whole of the fluorine, as fluoride of sodium The fluorine is precipitated 
from It by cblonde of calcium, and estimated as fluoride of calcium (li G7i).. — The 
insoluble residue left on treating the original fused mass with water, contains the 
greater part of tile silica, together mth the bases It is treated with hydrochlone ■ 
acid, the silica separated, and the bases determined in the usual -way, the silica thus 
obtained being of course added to the quantity precipitated by the zmo-solution. (H 
Eose, Tiaite de CJumieanaJytiijui',ii 890.) 

4 Fhosphoric acid —'When silicates containing phosphates are decomposed either 
by acids, or fusion with alkaline carbonate.^ and subsequent treatment with hydro- 
chloric acid,^ the whole of tho phosphoric acid is found in the acid liquor, and may bo 
separated from the bases and estimated by the methods already given (iv 546). 

When phosphoric acid and fluorine occur together in a silicate which is easily 
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decomposible by acids, and contains no bases except the alkabs, the mineral is decom- 
posed by ni*rio acid, the hqnid is saturated with ammonia, without previous aepiiration 
of the silica, an ammomacal solution of zihc-earbonate is added, and the whole is 
evaporated to dryness over the water-bath. The dried mass is then treated with water, 
which dissolves the alkaline fluoride and nitrate, leaving a residue of phosphate and 
silicate of zinc, together with excess of zinc-oxido. The fluorine, sihca, and phosphoric 
acid are then determined as above described 

If, on the other hand, the silicate contains alkaline earths, and especially lime, 
then, whether it is decomposible hy acids or not, it must first be fused with four timis 
its weight of a mixture of potassie and sodie carbonates The fused mass is treated 
with water, and after complete disintegration, the liquor is filtered The filtrate con- 
tains the whole of the fluonue and part of the phosphoric acid and silica in the form 
of alkaline salts, while the residue is composed of alkaline silicate, togetliorwith calcic 
silicate and phosphate, calcic phosphate never being completely decomposed hy fusion 
with alkaline carbonate The filtrate is treated with an ammomacal solution of zinc- 
carbonate, and evaporated to dryness, and the residue is treated with water, which 
dissolves all the alkaline fluoride, leaving the sdioa and phosphoric acid as zinc-salts, 
The remainder of the analysis is the B.irao as above 
fi. Sulphur and Sidphunc aoid — Silicates containing sulphates are decomposed by 
hydrochloric acid, or by fusion with alkaline carbonate ; and from the .icid solution 
obtained, in the former ease directly, in the latter hy treating the fused mass with 
hydrochloric acid, the sulphuno acid is precipitated by chloride of barium 
■When sulphur is present in a silicato m combination with u motal, it may bn 
oxidised to suiphurio acid by the action offuming nitric acid, or of hydrocldorio acid and 
chlorate of potassium, or by fusion with a mixture of alkaline caibonato and nitratu. 
"When the sulphur is present, portly as sulphate, partly as sulphide, the quantity 
existing in the latter form may sometimes bo determmed by heating tho pulverised mine- 
ral with hydi'oohlorio acid, passing the sulphydrio acid thereby evolved into a solution 
of copper, collecting the precipitated sulphide of copper, and treating it as descvilicd 
iiiider OOPPEE (ii. 67) The hquid remaining in the flask is then tillered to sepaivdo , 
the silica, and the sulphur originally existing m the luiuoral as sulphuric acid is deter- 
mined by precipitation with a barium-salt 

6 Tautalio and Niobio aaids — In silicates containing these acids (winch, however, 
arc of very rare occurrence), the quantity of sihcon may bo estuimled by troafing lha 
compound with hydrofiuorio acid, then adding sulphuric neid, and lieatiug till tho 
whole excess of the latter is expelled. Tho quantity of silica may then ho ostinialed 
by loss. Tins method however is not very exact, beciinso small quantities of taiitaluiii 
and niobium are liable to bo also driven oflf as fluorides. A better met hod is to fiisn 
the mineral in a silver onieible witli throe times its m eight of sodium-hydrate, and 
treat the fused mass with water, which dissolves all the adicoii us aodic silicate, 
leaving tantalate or niohate of sodium undissolvod (H Hose) 

7. Titamc acid — The best method of treating silico-titamites ia to heat them with 
fluondo of ammonium, and afterwards with sulphuric acid, m tho manner alieudy 
described (p, 246). The whole of the silicon is then expelled as gaseous fluoride, and a 
residue is obtained completely soluble in water, coiitainmg the bases ns sulphates, 
together with the titnnie acid, which must ho separated and estimated by processca to 
be described hereafter (H. Eoso). See Titanium. 

Silicates cmiatmng only Monatomio and DiutoTrac Metals : Silicates of P'rotoxulrs. 
Sllioatea of tae Alkall-metais. — Silicate of Ammonium ia not luiowii iii llio 
solid state Aqueous ammonia dissolves a largo quantity of freshly precipitated siliea 
Carbonate of ammonia dissolves it but siiaviiigly 

The silicates of potassium and sodium resemble each other so oKsoly that it 
wdl be convenient to describe them together. They coiit.iin vtinous proportions of 
neid and base, and are all more or loss soluble m water, those winch contain tho largest 
proportions of alkiili dissolvmr the most easily. 

The alkaline BiUciitoB are prepared either by fusing silica with tho hydrates, e.irbo- 
nntes, nitrates, or other salts of tho .ilkali-metals eonlaimiig volatile acids, or by 
boiling flint, sand, &o , with strong solutions of tlio caustic alkalis under preF--iire 
■VThen 1 part of silica is fused with 2| pts carbonate of potassium, or with 1^' pt 
anhydrous carbonate of sodium, a tronspaiont glass is produced consisting of an ulka- 
Ime monosihcate, K“O.SiO% or Na’O SiO^ These salts deliquesce iii tho air ami 
diasolve readily m water, forming an alkiilme solution called liqmn sihiiim Wlien ,1 
strong solution of this monosilicato is treated with hydrochloric or nitric acid, tlu' 
greater part of tho silica is precipitated 111 gelatinous floeks, a cert.iin quantity lioivovee 
always remaining dissolved hut if tho solution of the silicate he largely diluted, aud 
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a quantity of hydroehlono acid added sufficient to give it a strong acid reaction, no 
precipitate is formed, tut the -whole of the sihca remains dissolved. 

Alkaline silicates containing a larger proportion of sihca, but still with a sufficient 
quantity of allctdi to make them completely solnhle in water, are denominated “ water- 
glass." These salts are prepared on the manuiacturjiig scale, and applied to several 
purposes in the arts. 

I? n oh s of lilumeb, who tot proposed them for economical use, adopts the following 
processes .— 

1. To prepare potash water-glass, a mixture of 15 pta, pulverised quartz or 
sand, 10 pta. of well purified pearlaah, and 1 pt. of powdered charcoal, is ignited for 
five or SIX hours at a temperature equal tothatrequired to mcltcommon glass. The pro- 
portions of sihca and alkali used are about sufficient to form a tetrasihoate, K'O iSiO^, 
allowing for impurities in the pearlosh. The use of the charcoal is to faeihtate the 
decomposition of the alkidine carbonate, and decompose any sulphuno acid that may 
be present. The fused mass is then left to cool, pulverised, and boiled with 6 times 
its weight of water in an iron pot for three or four hours, the water being renewed as 
it evaporates After the whole is dissolved, the boiling is continued, so as to concen- 
trate the solution to a speeiflo gravity of 1 24 to 1'26. In this state it is sufficiently 
liquid to be used in many operations, hut in some cases it requires to he diluted and 
in others to be evaporated to a syrupy consistence If it contains any sulphide of 
potassium (arising from decomposition of the sulphate by the charcoal), a small quan- 
tity of oxide of copper or htherge must he added to convert it into hydrate, a certain 
excess of which renders the water-glass better adapted for manypurposas. If, however, 
a perfectly snturatod silicate is rcquiied, the satui'ation may he ensured by boiling the 
liquid with recently precipitated silica The solution, purified as just desonbed, is 
left to Cool and claiify, the vessel being well closed to prevent access of air The 
clear liquid is then, decanted from the deposit (which makes a good manure), and 
stored m carboys , or it may bo evaporated to a jelly and packed in tinned iron 

Water-glass may be obtained in the solid state by mixing the concentrated solution 
■with about ono fom'th of its volume of rectified spirit, a gelatinous precipitate is 
thereby formed, which contracts strongly in a few days, and is deposited in a sohd 
mass , and if the supernatant liquid (containing alkaline carbonates, ohlondos, and 
sulphides) be decanted, and the deposit slightly washed .md squeezed, the water-glass 
IS obtained in the solid state, and consisting, according to Fuchs, of potassio tetrasih- 
cate, K‘0 4SiO*, perfectly soluble in water. Accorihug to Forchhammer, however, 
the alcohol, eien ui the act of precipitation, and still more during the subsequent 
washing, withdraws a portion of the alkali, untd tlie residue consists of ootosilioate, 
K’O SSiO*, which is not completely soluble in water Aocordingto FrAmy (Jahresb 
1806, p. 363), the salt precipituted from a solution of potassio silicate by alcohol, hits 
the composition 2K’'0.9Si0'' aq. , and the sodio silicate obtained in like manner is 
2Na’0 9SiO* 20Bq.; according to Lefort {ibid. 1861, p. 206), both the salts thus pre- 
cipitated have the composition 2M'0.9Si0* aq. 

2 Soda water-glass is prepared m a similar manner, the proportions being 
46lbs. of quartz, 231b8. anhydrous carbonate of sodium, and Slbs of charcoal this 
gives a product having nearly the composition 2Na’0 6SiO* it fuses more readily 
than the potash-glase. According to BuehneP, soda water-glass may bo prepared more 
economically by uicaiis of sodio sulphate, in tlio proportion of 100 pts. quartz, 60 pts 
anliydi'ous sodio sulphate, and 16 to 20 pts. charcoal-dust. 

By dissolving the product obtained by either of these processes m boiling water, and 
saturating it with recently precipitated silica, it may be converted into the tetrasiheato 
Ka“0 4SiO^ Eectifted spirit does not precipitate tins compound so completely as the 
potash-glass, but merely eonverts it into a gelatinous mass in solutions not com- 
pletely saturated -with sihca, or slightly diluted, it forms a precipitate 

3 Double water-glass — ^Potash and soda water-glass are misoiblo in all propor- 
tions Normal double water-glass, containing equivalent quantities of potash and 
soda, may be obtiuucd by fusing together 100 pts of quartz and 121 pts of sodio- 
jwtussic taitrate (Rochelle salt), or more ohoiiply by fusing a mixture of potassie 
aud sodie nitrates m equivalent proportions with the corresponding quantity of quartz, 
or 100 pts quartz, 23 peiirlash, 22 anhydrous carbonate of sodium, and 6 powdered 
churcoal This mixture fuses more readily than any of the preceding. A solution of 
double water-gl.ifls Mutable for all practical applications, may liko-msebe prepared by 
mixing 3 measures of concentrated potash water-glass with 2 measures of concentrated 
soda wutor-gl.iss. 

Soluble silicates may also be obtained by boiling sihca with solutions of caustic 
alkalis umlor pressure Tlio following process, patented in 1844 by Mi-. Eansome of 
Ipswich, is esseutially the same as that adopted by Knhlm-aun of Ldlo _100 lbs. of 
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crystallised sodie carbonate, or 60 lbs. of pearlasb, are dissolved in about 60 gallons of 
water, and the solution, after being rendered caustic by means of lime, is reduced to 
the bulk of 20 or 26 gallons by^ heat. This caustic ley is then introduced together 
with 100 lbs. of finely broken flints or other convenient siheious substance, nito an 
iron boiler or digester, and the mixture is heated with frequent agitation for ten or 
twelve hours up to a pressure of about 60 lbs. to the square inch. When the mixture 
is sufficiently incorporated, it may bo passed throngh a sieve to separate any undis- 
solved matter. 

The soluble sibcates prepared by different manufacturers differ considerably in com- 
position, seldom exhibiting that of a tetrasilieate. Of the following samples— a is 
soda water-glass from the manufactory of Seibel at Liesmg ; b, soda water-glass from 
Munich , o, potash water-glass from Kuhlmann’s factory at Lille : — 


Water 

Soda '. 
Potash 


66-829 38-66 0-689 

22 268 44-64: C3-000 

11 178 16 26 

. . . . 34-400 


a has, approximately, the composition of a diadieato ; b that of a |-Bilicato , o that of 
a trisihcate. 

Suhd or fused water-glass, when pure, has the appearance of ordinary glass, and 
dissolves slowly, but completely, m boiling water ; it becomes insoluble only when the 
proportion of silica is considerably increased A concentrated solution, containing 
28 per cent, of the alkaline silicate, is syrupy, somewhat turbid, and has a density of 
about 1 26 After evaporation at a high temperature, it becomes very tenacious, and 
may be drawn Out into threads hke melted glass. The solution is decomposed by 
aoids, even by carbonic acid, the silica being separated in the gelatinous form. On 
exposure to the ah’, it becomes^ covered -with a tough skin, which disappears when 
thrust beneath the liquid. During evaporating to dryness, it must be kept constantly 
boiling, to prevent access of earbonioaeid. Alkalme carbonafee and cMondcn, espcdlnlly 
sal-ammoniac, precipitate silica from tbe solution Baryta, strontxa, lime, alumina, mid 
oxide of lead decompose it, removing tbe whole of the siho.-v and a portion of the alkali 
in the form of a double silicate. Nearly all the soluble sjilts of the eortli-metals and 
heavy metals likewise produce precipitates consisting of double silicates Bhosphate of 
aluminium, and oarbunate, phosphate, and sulphate of lead tritni-atod with a solution of 
water-glass, yield a tenacious mass, which acquires a stony hardness on exposure to 
the air. Bhosphate of caloium is not decomposed by it. 

ZJscs of Alkaline Silicates — 1. As cements, and for hat dening and preserving stone — 
The soluble silioatos majf be apphed in various ways for importing solidity to louso 
structures This effect is due sometimes to a chemical action between the soluble 
silicate and the porous material, resulting in the formation of au insoluble silicate or 
double Bihoate — Botaetimes to the gradntS decomposition of the alkaline silicate, result- 
ing in great measure from the action of atmospheric carbonie acid, and the consequent 
deposition, between the particles of the porous material, of a mass of solid silica winch 
binds them firmly together. Bansome, in 1846, patented a process for tho application 
of a soluble silicate for combining small coal into blocks, and for preserving wood from 
fire and decay. 

The action of soluble silicates on calcium-eompounds is of particular impoi-taiice. 
W ater-glass sets rapidly when mixed with slalred hmo, and slowly dries up to a hard 
mass, consisting of a double silicate of calcium and tho alknh-metiil, on which water 
has no action A piece of chalk immersed m a soluhoii of alkaline silicate, absorbs it, 
and on drying becomes nearly as hard os marble Pulverised chalk or mnrhlo is 
also converted by water-glass into a hard compact mass , magnesian limestone is 
i-eudei-ed still harder This effect is due either to a combination of tho alkaline sili- 
cate with the calcic carbonate, resulting in tho formation of a compound similar to can- 
eiinite (i. 734), or to a double decomposition resulting in the formation of calcic silieato, 
which then unites with the undecomposed portion of tho carbonate; perhaps both these 
actions take place together. The siliflcatiou of limostones is greatly facilitated by 
heating them -with tbe silicious solution under presBuro. Sulphate of calcium is.actud 
upon by soluble silicates in the same manner as carbonate, hut the resulting mass is 
less compact, m consequence, chiefly, of the greater rapidity of tho action; a more 
dilute solution must thcieforo be used, so as to render tho action slower. 

Xhese reactions of tho soluble sihcates have been successfully apphed by Eaiisomc. 
Buhhnonu, and others, to the production of artiflcul stone for building and omii- 
mental purposes, and to tho preservation of the stone of buildings .letiially coiisti-iu-ted 
to prepare artificial stone, a coneontmtod solution of wiiti-r-gbiss is niixi-d witli sand, 
broken flints, pieces of marble, &c, sometimes with addition ot cit.iiii of lime, tho 
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wliole being aubjeeted to pressure in moulds, and afterwards dried in an OTon By tins 
means atone of great bardnoss is obtained, and in some cases is capable of receiving a 
fine polish. 

Bor hardening building stones, and protecting them from the action of acid vapours, 
Euhlmaun employs a solution of silicate of potatsium. Silicate of sodium produces 
the same effect, but is said to give rise, after a while, to unsightly efBoresoeucoB. The 
solution IS appbed with a brush, or sprinkled on the walls of the building by means of 
largo syniigea with rose nozzles. The altuline siheate being giaidiially decomposed 
by the action of the carbonic acid in the air, a coating of silica is deposited on the 
stone, which protects it from further atmospheric action. This process is said to have 
been succossfully apphed at the Louvre and the cathedral of Notre Dame in Pans, and 
to several huilcbnga m otlier towns of France. In tho moist obmate of England, 
however, tho application of alkabno silicates in this manner is attended with very 
iincortaiu rosuits, the liquid coatmg being liable to be removed from the surface 
by rain, or even by the ordinary biimidity of the air, before it has time to absorb suf- 
ficient carbonic acid to precipitate the sihca m an insoluble form This inconvenience 
may be obviated, and a much more compact siheious coatmg obtained, by washing the 
surface of the budding first with a solution of alkaline silicate, and then with a solution 
of chloride of calcinm, whereby an insoluble sihcate of calcium is formed, possessing 
strongly cohesive properties and perfectly indestructible by atmospheric influences. 
This process was patented by Mr. Eansome in 1858, and is said to have been appbed 
with good effect to many public buildings. 

2. Another very important appbeobou of the alkabno silicates is to the art of Mural 
Fainting. In ordmary fresco-pauitmg, as is well known, the picture must bo 
executed as soon as the coat of stucco is laid upon the walls, and finished before the 
stucco IS dry , moreover, it cannot be afterwards retouebed. Now by working on a 
surface of plastor prepared with a solutiou of water-glass, it is found that this incon- 
voaienoe is completely obviated — that the painter can work at bis leisure, and retouch 
the work us often as is found desbable The fli'st experiments on this subject were made 
by Fuchs, who designates this kind of mural painting by the name stereoobromy. 

Two methods of siheious painting have been proposed' one by'Puohs, in which 
the colours, ground up with water, are laid upon a prepared surface and afterwards 
fixed with a ailicious solutiou , the other by Kublmann, in vvhicb the colours aro 
ground up with tho aUcalmo silicate. In Fuchs’ method the wall is first coated with 
a layer of ordinarj' limo-mortor containing a rather large proportion of sand of medium 
fineness , and on this, when dry, is laid a second coating of bme-moitar prepared with 
ram or distilled water, and well-washed sand of greater fineness than that used for the 
first coating This when dry is impregnated with a solution of double water-glass 
clarified With Itquor dlieuw (p 247), and diluted witli an equal bulk of water. This 
solution IS applied twice, allowing time for the first washing to dry. 

In bis latest essay on the subject, however, Fuchs recommends the preparation of 
the upper layer with water-glass cement — that is to say, water-glass intimately mixed 
with pounded marble or dolomite, or quartz-sand mixed with a little dry slaked lime — 
the water-glass being used in snob quantity as to give the mass the consistence 
of ordinary mortar The simfuce having been prepared, the painting is executed upon 
it with mineral colours ground up with pure water , and when it is fluisbed. the 
colours are fixed by washing or sprinkling the surface with " fixing water-glass,” 
consisting of a mixture of i or 6 moasuras of concentrated water-glass saturated with 
silica, and 1 measure of concentrated liquor otCicum (moiiosilioato of sodium), the 
mixed liquid being diluted with half its buUc of water. Paintings thus executed are 
found to possess great durability and power of resisting destnictive influences. 
Plates of earthenware, tdes, and lithographic stone impregnated with water-glass may 
also bo used as grounds for siheious pointing. 

Ill Kuhlmann’a method, the colours are ground up with the siheious solution, 
and consequently do not require so much preparation of tho painting ground, or so 
much care m flmng. In paintmg upon stone, stucco, glass, &e , the colours, ground 
with water and kept in a pasty state, are immediately mixed with a silicioiis 
solution of 16° to 20 Bm., and applied exactly as in oil or distemper painting, 
except when the stone is very parous, in which case it is heat to silioify tho stone 
before applying the colours, to prevent too rapid desiccation. For glass and earthen- 
ware ths siheious solution must be more concentrated Tho siheious ooloui's may 
also ho used for painting on wood, provided it is not impregnated with reBin # 

3 Tne alkabno sihcates are also used to nux with soap, forming " aibcatod soaps,” 

, oUo 1 pimiililot by K u h 1 m an n, entitled i,bcat,3al,on, oa applTcatims LteWcl 

“'“ardaen Z Watfa Ckcmcai TechnoHy. 
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which posaesa powerful detergent properties, and are extensively mnniifncturod for 
the cleansing of wooUens, &e. (Soe Soap.) 

4 A solution of silicate of sodium, as nearly neutral us possible, and having a 
speciflo gravity of l'S3, is now very generally used .as a substitute for cowdnug m 
preparing mordanted calico for dyeing. 

The silicates of ^otaBsium and sodium unite with the silicates of calcium, lead, and 
other metals, forming the several varieties of glass. These double sdieates are more 
fusible than either of their component simple siUeates, and require a smaller quantity of 
silica to render them capable of resisting the action of water and acids The ordinary 
vaiietiea of glass contain 2, 3, or sometimes 4 atoms of silica m proportion to 1 atom 
of base, common bottle-glass, prepared with impure materials, also contains alumina 
and oxide of iron. Bohemian glass-tubing consists of potassio-calcie trisilicato, 

potUBsio-plumbio disilicate, j 3|p]j"o 2&OT Glaos, li. 840.) 

The aUcalina silicates do not occur alone as natural minerals ; neither do they enter 
frequently into the composition of siheates containing only protoxides without 
alumina or feme oxide in fact, there are only two such minerals into which the 
iillcali -metals can be said to enter in definite proportions — nz., apophyllito, winch 
IS a potassio-caloio silicate, and peotolite, winch is a sodio-caloic silicate (iv. j362). 
Some varieties of augite and hpmblende contain indeed small quantities of a Itali, 
hut its presence appears to be due to alteration, resulting from the action of alkaline 
Waters. On the other hand, double siheates containing sesquioxidcs (alumina and 
feme oxide) and alkalis are of frequent oceuiTenco. and constitute important mineral 
species, the felspars and micas for example. 

Silicates of Barium. One part of silica heated to whiteness forms, with 3 
parts of baryta, a pale-green solid mass, soluble in ncids (Vauquolin). Lofort 
(Jaliresb 1861, p 206), by precipitating a dilute iioutral solution of a bariimi- 
salt with a dilute solution of the salt 2Na'0 OSiO^ (p, 248), obtained a trisilicate of 
barium, lia"0 3SiO“ SH^O , v. Ammon (liiil 1802, p. 140), by precipitation withsodic 
monosihoato, obtained tlio salt Ba"0 SiO.® 

Silicates of Calcium. The compounds 2Cii"0 SiO”, 2Ca"0 SSiO”, CiV'O 2.SiO'^, 
and Ca"0 8SiO“, are produced by exposmg mixtures of quartz and marble, lu the 
proper proportions, to tlio full heat of a smith’s forge . the first does not fuse, but 
meiely hakes topether , the other three are more fusible. A silicate of caleium is pro- 
oipitated on mixing a solution of any eiileiiim-salt with silieiito of potiisxium or 
sodium (p 249). Lefort obtained by precipitation, as above, tlio salt 2Ca"0 OSiO* SH'O , 
V Ammon obtained tlie monnsilicato Ca"O.SiO’ 

Sihcuta of calcium forms the essential constituent of hydraulic mortars wbich 
harden under water This kind of mortar is produced by mixing pure limn slaked 
to a paste with water and silieo or silicioiis materials in such a stale that the silica 
can unite with the lime m the wet way. A mixture of lime with pounded qii.irU or 
fine sand does not harden under water Such a mixture, in fact, constitutes oidmary 
mortar, which hardens only on exposure to the air, partly by drying, partly from 
absoiptiou of carbonic acid But if pounded opal or proeipitutod silica bo substituted 
for the quartz, combination takes place, and tlio mixture liardeiis under wiitor. More 
coniploto baldening is, however, obtained by mixing lime with cortain siliciona 
minerals, called natwal cemenU—viz , the pozzolana of Naples mid other voleanic 
districts (iv, 724), the tufa-stone (culled iraas m the piilvorised st.ito) found abun- 
dantly m vnlloys in the North of Ireland, among tlio sdnstoso foriiinUoiiB on the 
hanks of the 11111110, and at Moiiheim in B.iviiria, — also pumice, hasalt-UifF, and sl.ito-cky 
All these substances consist mainly of hydratod silicates of alunnmmu with a largo 
proportion of silica and smaller quantities of lime, m.igiiosi.i, oxido of iron, and 
alkalis. Tufa-stone contains 67'0 percent, silica, 16 0 clay, 2 6 lime, 1-0 nuigiiosiii, 7 0 
potash, 1 0 Bod.i, 5 oxides of iron and titanium, and 9 C water. When any of tlieio 
matorials aremixed with lime and water, silicate imd lauiiiinate of ealemm aroforniod— 
sometimes also silicates of magnesium and iron, winch assimio a stony hardness Jlfurf, 
which is a mixture of cl.iy with cai'bonate of calcium, forms a natural hydi-aiilic lime- 
stone. It IS host adapted for the purpose wliemt contains 1 pt. of clay to 3 pts of 
Cdlcio cai'bonate. When such a mixture is ignited, silicate and alumnmto of cnlciiini 
are formed, and the pulverised product hardens ro.vdily under water If the clay is in 
much smaller proportion than the aboie, a cement must be added after burning and 
slaking the limo , if, on tho other hand, the marl contains too much clay, pure slaked 
lime must' be added Tlie silieious nodules, or septariii, found in tho Isle of .Sln-ppi.v 
and olsowhei'o ou the English coast, which consist of silicious cl.iy inlei'seclcil by 
.BiUS of culcspar, also yield when calciiiod a hydriiuliu niorlui'. kiioiui a.s Ituimiii 
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oment. Artificial mixtures of chalk or lime irith day or pulveriBecl flint, yield 
similar piodueta lyhen burnt in a kiln. (See Gmehn’s Eandboofc, ui. 390, and lire' 6 
Biotionary of Arts, &c m. 200.) 

Natural Sihoaies of Calcrnm — a. MonomluMteovMelasjlioate, Ca"SiO® = Ca''0 SiO*, 
Wollaatonite, or Tabular Spar, oceurs m monoclinio crystals (of specific granty 
= 2‘78— 2 9, and harclnesB = 4’6 — 6) in the Bnnnat, at Paws in Finland, 
Komgsberg in Norway, on the Castle Book, Edinburgh, in basalt, and in lava at Capo 
di Bovo, near Eome. 

/3 Sesqmsihcate, 20a''0.3Si0’.SIP0. This is essentially the composition of 
gyrolite or gurolite (ii 963). 

Eisilicate, Oa'SPO'.2H;=0 ». Ca"O.2SiO®.2H»0 Okenite (iv. 191). 

Sihco-borate of Calcium, Ca"SPO“.Ca"B’OS occurs with 1 at. water as datholite 
(u. 305), and with 2 at water as botryolite (i. 651). 

Sdico-titanaU of Calcium, Ca"SPO’.2Ca''TiO‘, occurs as sphene (j. v.) 

Silicate of Cerlnra, 2Ce"0 SiO® Cento (i. 831) has this composition, the cerium 
being partly replaced by lanthanum, didymium, calcium, and iron. 

SlUoate of Cobalt. The aqueons eolntion of potnssic or sodio disilieate forms a 
hoantiftil blue precipitate with cohalt-salts (FuchS). The solution of the tetrasihcato 
forms no precipitate. 


Silicates of Copper. «. Monosilicate. — Two ouprio minerals are known having 
the composition of cupric monosilioate with different proportions of water — viz , diop. 
tase, Cu"Si0*H’0 (abendy described, li. 335), and cnrysocolla, Cu''SiO® 2H*0, 
The latter ooourb, accompanying other copper ores, in Cornw,ill, Hungary, and otlier 
localities, in hotryoidiil or massive forms, also encrusting and disseminated Hardness 
■= 2—3. Specific gravity = 2 — 2’238. It has a mountain-green or blnish-groou 
ooloiir, passing into sky-blue, with vitreous or earthy lustre, and is translucent in 
various degrees, or opaque. Fracture conchoidal. Bather sootile , translucent varie- 
ties brittle. 

Analyses of Chryeocolla. — a. From Stromshoien in Satersdiilen, Norway (Scheerer, 
Pogg Ann. Ixv. 289). — b. From Luke Superior (Eammelsb erg’s Uineroldhcrm, p. 
351) • 

SlQi. CuO. FciOS CaO. MgO. H^O. 
a, 35 14 48-07 1-09 . . . . 20 38 = 99 66 

b 32 65 42 32 163 1'76 1 06 20 68 =. 100 

The formula CnO SiO''.2H-0 requires 34 83 silica, 44 82 cupno oxide, and 20 35 water 

Plattuer’s Kupferblau, from the Herrensegen mine in &den, oonteiuing 46 6 per 
cent, cupric oxide, also belongs to this place. — A move highly hydrated cupric monu- 
siheate, containing Cu"SiO*.4H’0 (accoidingtoNordenskiold, 31 45 per cent SiO^ 
37 31 CuO, 0 40 FeO, and 3P18 water), occurs at Nischne-Tngiisk in Siberia, it gives 
off about three-fourths of its water at 100°. 

The chrysocoUas of Siegcn and of CanaveiUes near Prudes in the Pyrenees, also the 
hhio copper from the Timinian mines in the Ural, are mixtures of ouprio silicate and 
carbonate — Copper pitchblende, a hrowm scoriuceoua mineral from the same mines, 
la a mixture of elirysocoUa and brown hcematite , a similar mineral, tom Zomolahuaoan 
in Mexico, baa the composition of a hydrated cupric disilieate, Cu0.2&0^4H“0, mixed 
with brown hoematite 

0 Sisquisi/icate, 2Cu"0 SSiO’.6H'0 ?— This appears to he the composition of a 
miiiiTal from Somerville, New Jersey, analysed by Bevthier, and tom Chili, analysed 


umii 40-U9 27 97 4 94 1-49 0-78 24 73 = 100 

The formula requires 40 89 SiO^ 36-08 CuO, and 24-03 water. 

Among cupric silicates must also be enumerated demidoffite, a mineral occun-ing 
as a tliin blue coating on malachite at Nischno-Tagilsk, and containing, according 
to Nordenskiold, 10 22 per cent. P^O*, 31 36 SiO^, 33-14 CuO, 3 16 MgO, 0-5 A]*0° 
and 23 03 water (SamaicUberf s Mineralchenae, p. 633.) ’ 

Silloate of sidymlum. See CimiiB (1. 831). 

rerrous SUioates.— o. Fe^SiO^ 2Fe"0 SiO=.— This is the composition of 

Fayalite or iron-ehiysolite (ii 617), also, approximately, that of some of there- 
fanepr-siags obtained in the conversion of cast into maUeable iron (in. 351), and 
in the refining of coarse copper. ( Gmehn’s Handbook, v. 278 ) 

B. Monosiltcaie, Fe"S)0“ = Fe''O.SiO®. — Grnnerito, an ashostiform miuerul 
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from CollobriJrea, has this composition — A blact augite from Arondal, speeifle 
gravity = 3 467, 13 a caloio-ferrous monosilicata, contaimiig, according to Wolff (J. 
pr. Chem xmv. 236), 47 78 par cent. SiO“, 23 06 CaO, and 27'OlFeO, agreeing nearly 
with the formula Ipg-Q | SiO“. 

y. Tei/rasihcaU t A solution of ferrous chloride m less than 2,600 pts. of water 
gives a greyish-green precipitate with tetrasihcate of sodmm. (Walker.) 

Silicates of Xiantbanum. See CmiTE (i. 381). 

silicates of Xiead. Silica melts with lead-oxide to n yellow glass. Silicate of 
lead is also precipitated on adding ammonia to silicofluonde of lead — K. borosilioata 
of lead obtained by fusing 112 pts lead-oxida with 16 pts. silica and 24 hone 
anhydride, as a yellow glass, which melts less easily than borate of lead, hut more 
easily tiian flint-glass, and is strongly tarnished hy immersion m solphydno acid gas. 
(Faraday) 

Silicate of Gluolnunfc #SiO<-.2G"O.BiOh Phenacite (iv. 387). 

Silioatea of magnesium, a 8Mg''0 SSiO’.—Chondrodite (i. 080) is repre- 
sented by this formula, the oxygen being, however, partly replaced hy fluorine, and the 
magnesia in most eases partiy by ferrous oxide 

fl. Mg'S!©* = 2M^''OSiO^ — ^This is the composition of chrysolite and olivin 
(iv 201), the magnesium being always more or less replaced by iron. Porsterite, 
from Monte Soirmia, exhibits the nearest approach to a pure magnesio ortUosUicato, 
containing only 2 33 ferrous oxule. In the other varieties of oUvin, the ferrous oxide 
varies from 3 to about 20 per cent. — Montioellite, a rare mineral occurring on 
Sommii in yellow-grey crystals, of specific gravity 3-113, contains, according to Eam- 
melaberg {Mmt,rulohmme, p. 442), 37'83 per cent, silica, 34-02 lime, 22-04 magnesia, 
and 6 61 ferrous oxide, agreeing with the formula dk“SiO'.|^?/|°SiO<, Batrachifco, 
a massive mineral, of specific gr.ivity 3 033, fi-om the Eizomborg’ in the Southern Tyrol, 
appeai-s to have the same composition 

y. 3Mg"0 2SiO“ 2iiq. = fig“SiOhMg"SiO’ 2aq.— This is the composition of ser- 
pentine (p 236), the magnesia being replaced by ferrous oxide to the extent of 0 to 
1 .3 6 per cent. Pure magnesian serpentine is found at Gullsjo, iii Wei-melaud, Sweden 
Small quantities of soda, manganous oxide, and nickol-oxide are also occasionally 
present, and in many varieties the silica is replaced to a small amount by alumina.— 
Voi-hauserite fi-om Mouzom, in the Tyrol, is a serpentiiio contaiiung 3 at water. — 
TherraophyUitefrom Hopoovaara in Finland appears, from Arppo’a analysis, to 
have the composition 2(3Mg0.2Si0') 3aq , but other analyses give dWorent Msults 
(See Thehieopktlltte ) o 

8 4Mg"0,_3S,0^ = hfg^O^ 2Me"S.O’.-This formula with 6 at. water represents 
thooompositionofgymnitoor deweylite(ii 312). Hydrophito or jLkui- 
si te (lu 212) IS the same with 4 at. water, and | of the magnesium replaced by iron. 
Thei-mophyllite, according to Northcoto(J pr. Chem.lxxvi 263). isalso a ^mlicato 
of magaesium with 2 at water. ‘‘ 

6 Mg"OSiO^ = Mg"SiO“ -This formula, -with tho magnesia move or less i-cpinced 

by ferrous oxide, maiigunous oxido, and lime, and tlio sihea soinotimos by ahinima 
ropreaenta the composition of the several varieties of augito and horiibloudc fi’. 
475 , ill. 167). These two mineral species differ in crystalline form they aro both 
monochnic, but differ in their angles . 

Augito 0 3136 1 ' 0-6399 ^740*^''' ^'“’02" fil 

Hornblende 1 837 . 1 0-6401 730 jq. ggo 

The replacement of silica hy alumina takes place more frequently and to a groatcr 
extent in hornblende than in migito, many alnmimferous hSrnhloiidos also contain 

M''OS?otfesToTa^ 

The following are hyi'uted monosilieates of magnesium • 


three minerals have been given in their nlphahetie.il places, 
f. 6MgO 7SiO’— This appears to he tho composition of an anhydrous talc found 
>, a reddish mussivu mim-r.il. from tl.ipo di 


e valley of Chainouiiix. — Spadail 
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Bove, containwg 56 00 SiO®, 0-66 A1=0» 30-67 MgO, 0 66 PeO, and 11-34 water, may 
be approximately repi-esanted by the same formula TOth 5 at, water, or by SMg’O 6SiO’ 
+ 4aq. {BaniindAcr^b Mineralchemu, p. 620 ) 

»I. 4Mg''0 SSiO' ■=. dMg'SiO^.SjO”. — This, with f at. water, is the eomposition of 
talc, a small portion of the magnesia being replaced by fenous oxide, 

6. 2M'g"0.3SiO“ =. 2Mg"SiO" SiO^ — This, with 2 at. and 4 at, water, is the compo- 
sition of m eorschanm. The same formula with 12 at water, and f of the magnesia 
replaced by ferrous oxide, gives the composition of chlorophseita, 

SUloates of BSanganeae. a. 2Mn"O.SiO’ •= hln^SiOt — Tephroite, from 
Sparta, New Jersey, lias this composition, with a small portion of the manganese re- 
pfiieed by iron — Knebelite, from Bmenau and from Dannemora m Sw^en, con- 
sists of (Mn''.Pe“)^SiO'. — ^Troostite, from Sterling, New Jersey, is an orthosilicate, 
containing manganese and zinc, with small quantities of iron and magnesium, 

Mn"^ SiO-* r= Mu"SiO®., — ^Ehodonite is a manganous augite, containing also 
calonun, iron, and magnesium (p. 107) — ^Powlerito and Jeffersonite are similar 
in composition, but also contain zinc. 

Silloates of Meroary. Tetrasilieate of sodium gives a white precipitate with 
merourora nitrate It does not precipitate mercuric chloride, but the mixed solution 
yields very small dark crystals on evaporation, or even without evaporation if it is 
concentrated. (Gmelzn’s Sandbooi, 110.) 

Silloates of Molybdenum. Molybdous and molybdio silioofluoride yield with 
ammonia, dark -brown flocks, from which the ammoniacal solution gradually removes 
the oxide of molybdenum, leaving pure aUica. (Berzelius.) 

BlUcateaofinokeU See Pimekte (iv 647jl. Niokal-gymnite is a hydrated 
silicate of nickel and magnesium, containing |^y?0r-3SiO=.6aq. 

Silloates of ipotasslum and Sodium (pp. 247-251) — kTonosilicate of sodium 
may be obtained m -well-defined monoclinic prisms containing Na*SiO^ 8H’“0, by di- 
gesting Ignited silica with an equivalent quantity of crude soda-ley, evaporating out 
of contact with air, till small crystolB of sodie carbonate separate, ooohng the remain- 
ing syrup to — 22°, stirring with a glass rod till it solidifies to a orystalliue pulp, 
rediBsolving in -water, and leaving the solution to stand. The solution of this smt 
yields, with barium and calcium-salts, precipitates containing Ba"SiOs and Ca''Si0“ 
respectively, and with magnesium-salts, a precipitate eontqining 3iirg"Si0*.6II'0 (v. 
Ammon.) 

Silicate of Strontium. One part of silica fuses, with an equal weight of stron- 
tia, partly to an amber-coloured glass, and partly to a black and white enamel 
(Kir wan) With 3 parts of strontia it forms a solid, grey, sonorous mass, which is 
nearly tasteless, and dissolves but sparingly in water, though readily in aqueous acids 
(T auquelin). Carbonate of strontium, digested in solution of silica, is converted into 
dense hydrated silicate of strontium. (Kuhlmaun ) 

Silicate of Tborinum, 3']?li*Si0^4H’0 Thorite (j.u.). 

Silicate of Yttrium. Gadolinito is an orthosiheate of yttrium, cerium, and 
iron (T';Ca";P6”)"-SiO’. 

Silicate of Zlno. The orthosilicate, Zn*SiO^ occurs anhydrous as willemite, 
hydrated as silicious calaminoorzinc-gl anee, /n^SiOtH^O (i, 714) Troostite 
from Sterling, New J ersey, is an orthosilicate of zinc, manganese, magnesium, iron, and 
calcium, P owlerite and jeffersonite are angitie nimerals containmg small quan- 
tities of zinc. 

Sdicates containing Tnatomia Metals . Silicates of Sesgmoscides 
Silicates of Aluminium, a gAPO’ SiO’. — This, with 9 at water, is the com- 
position of collyrito (i. 1084), from Sehemnitz in Hungary (Klaproth, Settrage, 
1 . 267), and from Esquerra in Spam (Berth! er, Ann Oh. Phys. [2] xxxii. 332) 


Calculalton. Sckcmmtx. Esquerra. 

SiO» . . 60 13-85 14 15-0 

2A1’0=' . , 161 46 94 45 44 5 

OH-0 ■ . . 40 21 42 40-5 

2Al“0'‘.Si0^9aq. . . 373 100 00 101 100 0 


A mineral colled collyrito, from Weiasenfels in Saxony, has the composition 
Al’O’.SiO’ 6aq like the allophanes ; another, occurring in alum-slate, contains 
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SA.l'*0’,9Si0= 64aq , liko some varieties -of Btaurohte (?«/ra).— Schrotterite or 
opaline allophane, from Freienstem in Styria— having a density of 1 98Sto 2'016, 
iri-eenish-v/hite colour, vitreous lustre, and conchoidal fracture — contains, according 
to Schrotter (J pr Chem. xi. 380), 1194 SiO’, 48 29 Al'O’, 2'80 Fe=0», 116 
GaO, 0 25 CuO, 0 63 SO^ and 36 85 water, agreeing approximately with the for- 
mula 5AFO’.2SiO^20aq , which is more basic than that of coUyrite , hut tho mineral 
IS probably a mixture containing hydrate of aluminium. 

4Al’0’.3Si0'. — This formula, with the alumina partly replaced by ferric oxide, 
represents the composition of some varieties of staurolite from the St. Gotbard, 
a mineral which crystallises m trimetric prisms, having the axes a, 6 • a = 1 . 2 1123 
• 1-4478, and tho angle m P : ooP = 129° 20' Observed combination ooP . osPeo . 

osfeo . oP. Cleavage parallel to ooP» , distinct hut interrupted ; parallel to mP, in 
traces. The crystals are thick and often cruciform, translucent or opaque, with brown 
colour, subvitreous lustra inclining to rosmous, and conchoidal fracture. Hardness 
=r 7—7 5 Specidc gravity = 3 6—8 76. 

Anah/ses.—a Ked (Klaproth, Bedr. v 80). — b. Dark-red . specific gravity =. 3-737 
— 3 74i (Lohmeyer, s. Jacobson) — o. (Bosales, ihd.) — d Marignac (Ann. 
Ch. Phys. [3] xiv 9).— c,/, g, h. Jacobson (Pogg. Ann. Ixii. 419 ; bmu 414): 


asios . . . 180 00 29-18 27 00 27 02 27-25 28-17 29 13 2!;-72 30 31 30 91 

WAPO’ . . 343 33 64 02 62-28 49-OI5 66-89 03 34 62 01 64 73 4G80 48'G8 

aVriOS . . 106-67 16-83 18 60 20 07 10 37 17-4) 17 68 16 60 18 08 16-37 

liijnganio oxide . ... 0-25 0 28 . . 0-31 . . . . 0-13 1-19 

Mnsnc-alii . ^ ^ ^ 0-72 1-28 1 80 2-16 1-33 

tpg50i|' aSlQS . . 030-00 100 00 98-0 97-33 106-68 100-25 100-00 101-08 07-48 97 48 

Dillnito (ii. 331) is a hydrated j-aiheate of alumininm, -lAl’O®. 3SiO’.9aq , con- 
taining small quantities of lime and magnesia, hnt no feme oxide. 

7 lOAl'-’O® 9SiO^ Staurolite from Airolo on the St. Gothard epociflc gravity ■=■ 
8 66—3 73. 

Calculation. Jacobson 


OSiO’ .... 640-00 33-06 33-46 32 99 

3-»Al“0® . . . . 868 33 61 04 47.23 47 92 

|PeW . . . . 171 67 15-90 16-61 16-66 

Magnesia . . . . . . ^ . 1 09 1-00 

|^aQs|'°.0SiO2 . . , 1670-00 100 00 99 18 99-22 


5 APO’SiO® — Under this formula are includodandaluaite(i. 291), cyaniteor 
kyanite (ill 449), sillimanite, and a few of - ’ ’ • diicedby 

alteiation of these. Topaz (}. -9.) consists of the : , mixturo 

with aluminio siheofluorido. Allophane is the . . watei-. 

Analyses. — 1. Andalusite — a. Brazil (Dam our) — b. EobseluUz, near Meissen in 
Saxony reddish, harder than quartz- specific gravity = 3-11 (Pfingston) — 
0 Braunsdorf, near Proibei-g reddish: specific gravity = 3-07 (Pfingston) — 
d. lisens in the Tyrol , specific gravity = 3-401. (Roth.) 

2 Oy unite— e St Gothard (Eosalos^— /. Tlio San Alp in Carinthia (Kohler). 
— g ElfJal in Wcrmland specific gravity = 38 (Igelstrom)' 



In andalusite from Lisena, Bunsen found 40-17 per cent, silica and 68'62 alumina; 
A. Erdmann, 39-99 silica and 68-60 alumina, agreeing more nearly with 8Al’*0’.9Si0’‘, 
which requires 40-3 silica and 69 7 alumina 

3. Sillimanite —/i— ill, Saybrook, Chester County, Connecticut- h, Thomson; 
i, Bowen ,y, Hayes ; Je, B. Silliman , I, Staaf , m, Connel; n, Eairfleld, New York. 
(Norton.) 


fl, see Rammelsbers^t Mmcutlchemiet \ 
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4 Talc-lithomarge, o Eochlitz in Saxony(Korsten), — p, Zeidover, near Temes- 
var in Hungary (Kusu in) . 



. ■ 0 61 ■ ■ 0 43 ■ . ■ ■ 0 82 

98 70 89'72 09 31 100 06 98 98 96 69 102 73 99 67 90 73 


Monrolite from Monroe, Hew Yort, exhibits the same ehiiructers and neaidy the 
same composition as eyomte, but gives off from 1 to 2 6 per cent, water when heated , 
speeifle gravity = 3 04 — 3 09. Worthite, a mineral occurring near St. fetershurg 
in -white tranelucont fragments, iafusible before the blowpipe, has also nearly tlia 
same composition Both minerals doubtless result from the iteration of oyanite. 

Bueholzite from Faltigl in the Tyrol and Chester County, Pennsylvania, Pibro- 
lite from the Carnatic and from Delaware, and Xenolite, found near St. Petersburg, 
are fibrous mmerals, which appear also to have been produced by the alteration of 
eyanite, sdhmanite, or andalusite, hut they are probably sometimes also mixed -with 
quartz The older analysee by Thomson, Braudes, and others, give for these minerals 
from 40 05 to 47’44 per cent silica, and 58 88 to 60 0 alumina, agreeing approximately 
with the formula 2Al“0'.SSiO-‘, but tho more recent analyses by B Silliman (Sill. 
Am. J. [2] -vui. 10), give 36 13— 36'31 sihca, and 64 93 — 62'42 alumina, which is tlie 
same as that of oyamte, &c Xenolite forms prisms of 91°, which seems to show that 
it has been forniM from andalusite. 

Chiastolito or Hollow spar (i 863) is an andalusite varying greatly in hai’d- 
noss and composition, and usually enclosing masses of roek, found in Spain, at Bona 
in Algeria, at Lancaster in Massachusetts, and m Bretagne, 

6 Allophane. — a. Priesdorf, near Bonn (Bunsen). — t. New Charlton, near 
'Wool-wich (Horthcote).— o Bleiberg in the Eifel (Bergemann) — d, Gersbaoh, in 
the Black Eorest ('Walohner) — e. Eiohmond, MaasadiusettB (B. Silliman)—/. 
New Charlton CWoolwioh). — p, Goldhausen, near Oorbach, Waldeok; light-coloured, 
—/i. The same, dark-coloured" specific gravity = 2 02 (Sohnabel;.— j. Sohneeberg 


Feme oxl^^e . 
Flnnganlc oxide 


22-65 10 58 24-19 


162 42 01 40 23 35-75 36-24 30-19 35 40 34 72 29 9 

. 0 874 

100 00 00-71 08 89 07-96 09 49 99 08 90 lU 09-87 Wa 

This table shows that the name allophane has been applied to substances differing 

r ily in constitution The analyses a, b, o may be represented approximately by 
formula Al'O’.SiO’' 6aq. (22 14 SiO*, 88 01 Al^'O’, 39 85 H»0 ) , d, e, f by 
Al«OsSiO*.6aq. (24 34 SiO*, 40 36 A1*0«, 36 31 ffO) Both varieties are often 
mixed with calcic carbonate and oupric siboate , in the latter case they have a blue 
coloiu-. _ The more highly cupriferous allophanes, g, h, i, are mixtui-ee of hydrated 
aluminie silicate and cupne eilieate. 

Chrome- oehre, Miloschin, andW olchonskoHe,ar6chromifeiouse]ayaof very 
variable composition. The first contains fimm 46 to 61 per cent, silica, 22 5 to 30 6 
alumina, 4 to 10 6 chromic oxide, and 6 25 to 12 6 water, tbo second, fromEudniak in 
Serna, 27 5 per cent siliea, 46 01 alumina, 3 61 chcomio oxide, and 22-30 water ; tho 
third, from Ereis Ochansk,in the government of Perm, Eussia, 27 to 37 percent silica 
abo-ut 6 6 alumina, 18 to 34 obromie oxido, 7 to 10 ferric oxide, 21 84 water, -with 
small quantities of lime, magnesia, and manganous oxide 

Collyrite, from Weissenfels, contammg, according to Kersten, 23 3 per cent 
^^0“’ SiO“ 6^^’™^'^’ ^ formula 

e. SAl'O® 9SiO- — Staurolite, from Polewskoi, in tbo Ural, contains, according to 
Jacobson, 88 33 — 38 68 per cent. SiO-*, 45-97— 47 43 APO®, 14-60—16-08 Fe'O®, and 
2-44—2-47 magnesia, agreeing nearly -with the formula f^jQsi'.gSiO’. (Compare 


MagneBia. 


Qunrt* and Gypaunv. 
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Collyx’ito, occTirrmgin alum-slate, contain'!, according to Anthon (Bcrz. Jalivesb 
icxui. 280 J, 24 2 per cant. SiO', 34 B APO", and 41 '3 water, agreeing aiiproximately with 
the formula SAl^O" 9StO“ 54aq. 

{ SATO® 6SiO®, — Staurolite, from Bretagne (speciflc gravity = 3 327 — 3 629), 
contains, according to Jacobson, 39 19 — 40‘36 per cent SiO®, 44 87 — ^44 22 Al'O’, 
16 09— 16'77 Fe“0“, 0'17— 0 10 Mn'O", and, in one specimen, 0 32 magnesia, which 
may be represented by the formula— .6SiO^ 

7) 2A1®0® 3SiO®. — This, with various quantities of water, represents approximately 
the composition of porcelain clay, from Gutenberg, near Halle (Bley, J pr. Ohem. 
V 313), and of pholerite (i. 496), near Fins, Dept de I’AUier (Guillemin, Ann. 
Mm xi. 489), and from Naxos (Smith, ihii [4], xviii. 299). 

Cioj, fiam OMetibtrt. Bley PloUWH. GulllnmlD. Smllli. 

Ssio® . . 180 to S? 30 62 8S101 . 180 3'J80 41 65 44-41 

2AWOS. . 206 46 82 45 00 SAW . 206 44 38 4335 41 20 

anin^. . 64 12 27 10 00 4H^O . . 72 16-72 16 00 13-14 

Mk.CO®' i ' 3-W 2Al-:0’J5104.4aq. '468 100 00 lOirOO WSit 

2Al'iOSlSiO-l’3liq' Ho lOObO Ti8-M 

Phnthito, from the county of Antrim, in Irolnnd, contains, according to Thom- 
son (Oiiihnes, i 323), 30-88 per cent, silica, 20 78 alumina, 26 16 feme oxide, 2 6 
lime, and 19 96 water, and may be represented by the formula 2(ATO“,Fo''0®). 
SSiO® 6aq. 

Carpholite, from the Scblaclceiiwald, in Bohemia (i 806), has a composition 
represented by the formula 2(AB0’,Mu'0®,Fe*0*) 33iO®.3dq. 

fl 3AFO® SSiO® — Lonzinite, from La Tilate, m Franco (iii. 671), and that from 
KoU, in the Eifel, containing, according to John, 37 6 per cent, sdica, 37 6 alumina, and 
26-0 -water. Me approximately rcprceented by the formula SAl'O® 6SiO’.l laq. ; the same 
name is, however, apphed to a clay containing a much hirger proportion of silica 

I. AFO® 2SiO® — This, with 2 at. water, represents the composition of nearly all 
varieties of kaolin, or porcelain -clay. The numerous analyses of this substance 
yield on the iiveriigo about 47 per cent silica, 40 alumina, and 1 3 w-ater, the forimila 
jAFO® 2SiO® 2nq requu'ing 47 06 silica, 39 21 alumina, and 13-74 water. Tho follo-ffing 
are examples • — 

n lUio near Sebneoberg (Forohhammer, Pogg. Ann. xxxv. 331 ). — b Mori nonr 
Hallo (Forobbammo r). — o. Altonbcrg in the Erzgebirge a psoudomoi-ph after pro- 
sopite (Scheeror, Pogg Ann ci.361) — d.St yrieuxn6aiLimogcs(FaroUhnmmei-). 
— e St. yneux. produced by weathering of beryl (Dnmour, Bull geolog [2] vii, 
224)—/' Cornwall (Brown, J. pr Chom. xliv. 232).—^. Eio Jandiro (Kussin, 
liainm Mmeralob. p 674). — A, 7- China: A from Tonkang, i fi-om Sykang (Ebolmcn 
and Salvdtat, Ann, Ch. Phys. [3] xxxi. 267) • 

a l e. a e. f g 

Sihca . . . 46-63 46 80 46 63 48 68 46-61 46-29 46 37 

Alumina . . 39-47 30 83 39-89 36 02 38 86 40-09 34-27 

Feme oxide, ... . . . . 0'94 0 30 . . 

Lime « e 11 p.gjj _ _ g gg _ 

Magnesia . ... 0'27 . . 0 62 

Potash 

Soda 0 68 

Watei- . . . 13-97 12-44 13 70 13 13 14-04 12 67 20-01 

Calcic carbonate . 0 31 0 66 

IQO 28 100 00 09-82 OFSS 10056 9f86 troW 99 9 iMO 

Kaolin IS produced by the decomposition of orthoclaso, K®O.Al’0®.eSiO® which uudeL- 
the influence of water eontumiiig eorbome acid, or sulphuric acid resulting from tho 
oxidation-pyrites, loses its potnsli .md two-thirds (4 at.) of its silicii, and at the samo 
time takes up 2 at water Some v.iriBties of kaolin liavo, however, a dilForent com- 
position thus that of Gutenberg, ns already observed, is nearly 2Al®0’.3Si0'4 3aq , 
and that of Passan — which, according to Fncha, is pi-odnced by the decomposition of 
porcelam-spar— IB, aocoKliiig to Forchhammer, 4Al-'0’.9SiO® 12aq, [For analyses of 
fire-clays, see u. 663 ] 

Lithomarge (i 730; is a name applied to a number of aluminous Bilieatea, most 
of which hn\ e nearly the composition of porcelain-clay. 


60 6 66-3 
33 7 30-3 
1-8 2-0 

' 0-8 0 4 

1 9 1-1 

. . 27 

11-2 8-2 


VoL V, 
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Analyses; a. Eocllitz, in Saiony: compact (Klaproth).* — h, Buehherg, near 
Landahnt, inSilesia (Zollnei). — c. Cla-uathal ■white, phosphoresoent ; specific gravity 
= 1-59 (Dnmanil ). — d Enmpelaherg, near Auerbach • from topaz rock , crystalline 
under the microscope • epeeifie gravity = 2 6 (Clark ). — e Schlackenwald, Bohemia • 
radiate ; glowa brightly before the blowpipe ; not decomposible by hydrochloric acid 
. (Eammelsberg).— /. 2>ica»<e, from the Tweed (1) Thomson; (2) Bichardson . — 



Tha following varieties are diatinguiahed by containing a considerable amount of 

'(potash h. Green lithomarge, from St Zorge m the Harz specific gra-yity = 3 086 

(Eammelsberg ). — %. Lithomarge from Schlackenwald (Krieg) . — 

SI02. AP03 FeiQi. CaO MgO. K^O. NaiQ. H»0. 

h. 49 76 29 88 6 61 0 43 1 47 6 36 . . 6'48 = 99 97 

-» 62 40 3194 1-23 .. 1-44 6 41 1'73 6 00 = 09 16 

Ferruginous lithomarge from Planitz, near Zwickau in Saxony, contains, according 
to Schiller, 41'66 per cent silica, 22 86 alumina, 12 08 ferric oxide, 1’6S manganic 
oxide, 3'04 hme, 2 66 magnesia, 0 93 potash, and 14 20 water, which may be represented 
by tlie formula (ATO»; Fe»0») 2SiOh 

Halloysite (iii. 7) has sometimes the composition of kaolin or lithomarge; some 
varieties, however, contain a larger quantity of water, agreeing with the formula 
Al'0^2SiOMaq The latter formula also represents nearly the composition of some 
kinds of bole (i 618). 

K. 4Al“O’0SiO* — This formula, with 12 at. water, represents poroelain-olay from 
Eiissau, containing, according to Forchhammor, 46'14 percent silica, 36 00 alumina, 
2 70 ferric oxide and lime, and 18 60 water Tlie same formula, with 18 at. water, 
and the alumina partly replaced hy ferric oxide, gives the composition of most varieties 
ofbole. 

\ Al'O'.SSiO® — This formula, ■with S at water, represents razonmoffskin, an 
argiUaoeous mineral from Kosemntz in Silesia (p. 78J , also pyrophyllita (iv 709), 
if the small quantity of protoxides be left out of consideration. 

ju. 2Al*0*.9Si0* — Cimohte (i 964) is represented hy this formula, generally -with 
-6 at., hut occasionally with 4 at. water. Anauiite (i. 288), fromBilin in Eohomia — 
containing, according to Plattner, 66 per cent, silica, a large quantity of alumina, llA 
per cent water, with smaB quantities of magnesia — is probably a variety of cimohte. 

V AlW4SiO*— a. Montmorillonite(m 104), from MoutmonUon, Dept Haiito- 
Vienne; J. the same, from Strumbuly in Transylvania, c Halloysite, from Confolert, 
■Dept Charente, &Iienzinite,fromSt S6vm,Dept Landes, nndc Bole, from Miehao, 
Dept. Dordogne, are approximately Al*0'.4SiO* + 2 and 3 at. water; but it is very 
probable that some of -tiiem contain free sihea . — 

SIO’ APCfi. Fe20’ CaO. MbO. MnO.K^O.Nn’O H»0. 


a 49 40 19 70 0 80 160 0’27 . . 160 25-67 = 98 84 Salvdtat 

h 60 04 2010 068 146 0 23 . . 1-27 26 00 = 99 84 Damour 

c. 52-40 2180 .. 260 428 . . 1 34 17 68 = 100 Hoiigonau. 

d. 49 6 18-0 . . 2 1 21 . . . 28'0 = 99 7 Berthier. 

c 60 0 22 0 26-0 = 98 0 

/. 60 66 19-16 . . 0-63 . . 440 .. 24 06 = 08 78 v Hauer. 


Tlie h-ist gives ofif 14-03 per cent, water at 100°. {Ttmnmelsherds Mmmlclmme, 
p 1014) 

|. Al-0’6SiO^? — ^Malthacite, from Steiudurfel in the Oberiausitz — containing, 
according to Meissner (J. pr Chem. x 610), 60-2 per cent silica, 10 7 alumina, 3-1 
ferric oxide, 0 2 hme, and 35 8 water — maybe approximatclyrepresentedas AI-0“ 6SiO'. 
1 6aq , but is probably a mixtm-e. ^ 

0 Mumzmo Silicates of %ndi terminate convposition — Dysyntribite, from La-wi-enee 
County, Hew York (ii 368), Nacrite, from Brunswick, m the State of Maine, and 
Taloite, from Wicldaw in Ireland (iv. 1); Neurolito, from Stamstead in Lower 
Canada (iv 32), Portite from the gabhro of Tuacany (iv 690), Ehodalite, from 
Ireland, containmg, according to Eichardson, 56 9 per cent sihca, 11 -4 feme oxide, 8 3 

* For references, see IlammcUhere'e MitmaMemie, p. 67S t Soda. 
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alumina, I'l lime, 0 6 magnesia, and 22 0 water ; Samoite, from the lava of Upolii (v. 
187), Scarhroite, from Scarborough (v. 204), Smectite, from Gilly in Styria, 
containing, according to Jordan (Pogg Ann Jxxvii 691), 6121 per cent sihe.i, 
12 26 alumina, 2’07 feme oxide, 1'89 magnesia, 213 lime, and 27 89 water, 
Smelite, from Telkebanya in Hungary, containing, according to Oswald (J pr 
Chem XXXV 39), 60 per cent, silica, 32 alumina, 2 feme oxide, 2-1 soda, and 13 
water , and an eartliy mineral from Condd, near Hondan, Dept Seine et Oise, con- 
taining, according to Salvdtat (Ann Ch. PJiys [3] xxxi 102), 44 6 per cent silicii, 
32'6 alumina, 1 2 ferric oxide, 1‘02 hme, 0 3 magnesia, 0’4 potash and soda, and 21 7 

The foUowmg are nnetnous clays indnded under the general denomination of 
monntaiu-soaps —a Prom Plorahiires (Berthier, Ann Min [3], xi 479 ). — h 
Thuringen (Bucholz, GeMensN. J. ni 697 ) — c Arnstadt, in Thuringia (Fieiniis, 
Schw j! XXVI 279 ) — d Wilhohnshohe near Cassel (Beehmann, Leonh. Janib. 1831, 
p 125) — 

Humic Fossil 

P=OS. SI02. AP03 Fe203. Mn303. CoO. MgO HiO Carton, aild. roslii. 

a. . . 46 8 23 4 2 1 26 6 = 98 9 

b. . . 44'0 26-5 80 . . 0-6 . . 20-6 99-6 

0. . . 23 3 161 10 3 31 1-1 3 l 43’0 ■= 100- 

d 0 65 46 44 17'40 6 22 0'09 0 86 1-26 12 69 6 08 0 40 0 88 = 99 47 


Perrio Silicates. There are but few feme silio,ates of definite composition. 
Degeroite, from Pinhind (li. 309), consists main^ of Pc‘0' SiO’ 3aq. — Anthosi- 
do rite, from Minas Gernes, Braail (i. 309), is 23?6®0’.9Si0’ 2aq — Ohloropal (i 
921) IS a mixture of Fe*0’.3SiO’ 3nq. with opal — Pinguitc (it 660) has nearly the 
composition Fo''0.8SiO* 4(Po®0>.2SiO’‘) 30aq — Nontronito (ni 134), unghwarito 
(q 0 ), and a ferruginous bole from Halsbrucko, near Freiberg, are feme or forroso- 
ferrie 6ilioate.9 to which no definite formula can bo assigned. The last contains, 
according to Kerston, 46 40 per cont. silica, 3 01 almnuiu, 23 60 ferric oxido, and 2 1 60 


IMCanganlo Silicates. The hlaok siliciona ores of mangnnoso, which give off 
chlorine when treated with hydroehlonc acid, appear to have been formed by the 
oxidation of manganous sihciitoa (rhodoiiito, cnmniingtonite, biistamilo), and ava often 
mixed with Iho latter, so that their composition is vory vuriahlo. 

Analyses —a, h, o. Throe varieties of a black sil’icious mang.anesc, from , Sweden 
specific gravity = 2 74 — 2 98 — d An iiceompanying black substance specific gravily 
= 3 207 (Bahr, J. pr. Chem. liii. 308) — 

S102. Mn»0’. FfliQi AFQS. CeO MgO. HiQ 

а. 30 20 47 91 0 70 ' 1-11 0 60 4 43 9 13 = 100 38 

б. 3611 42 00 11 31 000 0 70 0 67 9 43 = 101 02 

0. 34 72 42 84 10 45 1 09 0-66 0 36 9 76 = 99 57 

cl 23 69 66'21 9-14 0 61 0 60 0 39 9 60 = 100 01 

c Stratopoite, a block amorphous mineral, of speeitlc gravity 2 64, from tlio 
P.ijsberg mine, near Philipstad in Swodon, containing, according to Igelstrom (J 
pr Chem, hv. 192, 290), 30 43 por cont silica, 32 41 manganic oxido, 10-27 feme 
oxide, 8 04 magnesia, and 13 76 water, is a decomposition-product of sirmlar cha- 


/. A hlaok silicious manganese from Klappornd, in Dalarno, Swodou, in which 
Klapi-oth found 25 per cent, silica, 60 8 manganous oxide, and 13 0 loss by ignition, 
was probably a hydrated mixture of manganous sihoato, manganous carbonate, and 
manganic oxide or peroxide; the dofleioncy in the analysis (6 2 por coiit ) was probably 
carbome anhydride 

g,h,%. Maroelino or Heterochiuo,from St Mareol in Piedmont hy Berze- 
lius (Afhandl.i Fis IV. 382), A byEwroinoff (Pogg Ann xhx 204); shy Dam our 
( J pr Chem. xxviu. 284) — k Denso, h.ird, silicious m.ing.i-jOBO from Tmzon in the 
Gnsons (Borthier, Ann. Ch. Phys. [2] li 79) — I The siuno by Sehweizor (J. pr. 
Chem xxui. 278) — 


SlO“ Mn“03. Fe“0’. AFO’. CaO. MgO. ICO. H”0. 

g. 15-17 75-80 4 14 2 80 = 97-91 

h. 10-16 86 87 3-28 . . 0 fil . . 0-44 . . = 100 1’.O 

!. 10 24 76 32 11 49 . 1-14 0 26 . . . . = 99 lo 

k. 15-3 80 9 1 0 1-0 = 98 2 

I 16 50 77 34 3 70 . . 1-70 . . . . 1 76 = 100 


g, k, and I are, approximately, 2Mn=0’.3Si0’', but they may also ho mixtures - A 
and k are still less definite 

A brown sinter fi-om the mine-waters of Hiramelfahrt, near Froibt-i-g, w.is found by 





2afO.B=0“ 2SiO= 3dq. 
6(M^,M)0 4E-0'> 9SiO' 6! 
2[(M=,M)0 Ii.=0^2Sl0■‘] 5 
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Kersten to eontajn 18 98 per cent, silica, 2fi'01 manganic oxide, 22'90 feiTic oxidci 
and 33 00 water, which may be represented by the formula (Mn’O^J?e’O’).3Sl0' 6uq. 

Ourphohte (p. 267) is a manganic silicate containing alumina and ferric oxide 

Bilicatea containing Monatomic, Dmlom.io, and Triatomio Metals . Double Silicates 

These compounds being specially described, and their analyses given in separate 
articles, it will bo sufiioient to give in this place a tabular view of the composition of 
those nhose formulm may bo considered ns dofliiitoly established In the pi seeding 
tables (pp. 2G0. 261), to avoid the continual repetition of ntomicity-niiu’ks, a monatomic 
nietiil 13 denoted by M, a diatomic metal by and a triatomic metal by E, 

Compounds or Mixtures of Silicates with other Salts. 

1. 'Wi\ib.AluminateB — It has already been mentioned (p. 263), that certain varieties 
of Augite and hornblende may be regarded as mixtm'es of sihc.itea and aluniinatss of 
magnesia, &o. A similar composition is also assigned to the following minerals, the 
alununa being more or less replaced by feme oxide. 

Clmtomto, (2MO 3SiO’) . 2(3MO . 2A1’0=) 

Xanthopbyllite, (MO 3SiO=) . 3(3SiO 2A1=0") Saij. 

%"sUei (2^0 3SiO») . 4(M0.AP0») . 2iiq. 

Tlie minerals of the chlorite group may be represented either as double silicates 
of maguosia (forrons oiido) and alumina, or as compounds of silicates and alumiuatea 


Chlonto, CMO Al'0“.3Si0»,4aq. = 2(3JifO SiO=) . (Al’O’ SiO*) . 4.iq 

= (IttO 3SiO^) . (2M0 AP0=) , 4aq. 
Eipidohto, 4M0.A1»0^ 2SiO’ 3iiq. = (4M0 SiO*) . (Al'=0“.SiOO . 3aq 
= 4(f40 SiO’’) . (3M0 A1“0») . Saq. 

2. yiiih Doraies . — The native calcic borosiliciites have already been mentioned, 

Dotholito, CuB-0^ CaSiO’ aq 
Botryolite, OaB'O'.CaSiO’ 2aq 


Tourmalines are double silicates, containing both proto- and sesquioxides, most of 
which may be included in the general formula, 

2(M*,Id)0 SiO= . n(R,B)W.SiO« 

the boron being supposed to roplaco a portion of the triatomie metal E. 

Axiuite IS a borosdicato conbiining 

3[2CaO SiO*] . 2[(E,B)*0».3Si0»]. 

3 With Carbonates — Caneriuito consists of (CaO CO®) 3[Na®0.AI®0’.2Si0®l, 
ot'CaCO».3{Na®SiO®Al®SiO») 

4. With Chioi ides . — Sodalito consists of a sodio-aluminic silicate oorabiued with 


chlornle of sodium, and may he represented by the formula NaCl !i(NahSi0'.Al*Si'‘0'®) 
Porcelain-spar coutams, according to Schafhautl, a small quantity of potassic 


6. With Fluorides . — Bepidolite consists of 6 or 12 at of a sdicato of aluminium 
and alkiili-mPtals, including lithium, with 1 at. of a fluoride, or the fluorino may be 
regauled as replacing a portion of the oxygon in tho silica (For the formula, see 
lii. 1011) A similar replacement of oxygen by fluorino takes place to a small extent 
in many other silicates. 


rt. With Sulphates —Una division includes hanyno, nosoan, ittnerite, and 
il tram an no The composition of tho first three is as follows . — 


Hanyno, (I(F,5if)SO' + «[(M;®,Jd)8iO'' Al^SiO*! 

Nosoan, NaCl + 3(Na®SiO” Al®SiO») 

+ 10[Na®SO‘3(Na®SiO»Al®SiO»]. 
lUnei-ite.NaCl + 3[N.i®SiO® Al®SiO») 6aq. 

+ 3L(Ca,Na=)SOh3[(Ca;Na®)SiO".Al®SiO‘] 6aq. 


Noscaii IS a compound of 1 at sodahte and 10 at. of a soda-hanyne ; ittnerite of 1 at. 
hydrated sodahte and 3 at of a hydrated hanyne. Lapis-lazuli, or ultraniarino, is a 
mixture of vanahlo composition 


7. With 2itaiiates — The following minorals of this class are known 
Titanite, = Ca"SiO® Ca"TiO*. 

Yttrotitanitc, M“E»0‘“.16M(Si,Ti)®0», [M»=Ca,Y, E=Al,re]. 
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Sohorlamite, 9Ca"||®*Q3 + 

Tsohewldnite, I'e"(&,Tiy’'0“ . 3(C(wLa,Di.0a)".(Si.Ti)'’0» 

Enceladite, 6i;Mg;I'e;Ca)»(Si.Ti)Oi . AlXSisTiyO^eaq. 

Moeandrite is a'hydrated silicotitanate, containing corinm, lantlmnum, didy* 
minm, iron, caleinm, magnesium, potassium, and sodium; tut its exact composition has 
not been determined. 

8. With Tuna&taUs. — Thera are no native minerals consisting of silicates and, 
tungstates, hut Mangnao has lately obtained a Bones of such compounds artifloiaHy. 
(See Tungstatss.) 

9. With Z%roonatea. — Eudialyte, from Greenland, consists of (Na‘;Ca";I’o") 
(Si,Zr)‘’'0“ , Korwegian eudialyte contains the same elements, but m somewhat different 
proportions. 

Catapleiito, from the syenite of Lamo, near Brovig in Norway, consists of 
(Na^Ca'',Fe'')(Sl^Zr‘’y0^2aq. or(Na*,Ca,Fe")(Si,Zr)‘'0».3(Si,Zr)‘'G'.2aq. 

Oerstediteisa hydrated sihco-zixconio-titanate of calcium, magnesium, and iron, 
the formula of which has not been exactly determined. ' 

10. With Zirconates mA N%obatee — Wohlerito, from the Langeaundfjord, 
near Brevig m Norway, probably consists of (Ca"dTa’)(Si,Zr.Nb)‘rO''. In the some 
neighbonrhood is found a red-brown mineral of similaT character, but containing no 
zu'oonium, probably formed by alteration of the wohleritc. 

SZZ.ICIC ETHERS. (Ebelmen, Ann Ch Phys. [3] xvi. 144.— Eried'ol and 
Drafts, Atm. Oh. Phys [4] ix. 6.) — SUicates of alcohol-radioles produced by the 
action of alcohols on silioio chloride. 


AmylsUtolo Etberg. TetramyUo Silicate, (C‘H")<3iO‘ =. 2(C’H")'®0.Si0b 
— Prepared like the corresponding othyl-compound, the product, which passes over 
between 320° and 340°, bang collected apart and rectified. It is a colourles,s limpid 
liquid, having a faint odour, somewhat like that of amylio alcohol Specific gravity 
= 0 868 at 20°. Boiling.point_ between 322° and 325°. Vapom'-density • obs. =■ 
15'2 , ealo, = 13 03. It burns with a long white flame, depositing impalnahlo silica. 
It dissolves freely m ethylio alcohol, othyho ether, and amylic alcohol, is insoluble m 
water, and is decomposed thereby much less quickly than the etbylic siheataB. Aloohohe 
mmonia also decomposes it with difficulty. (Ebelmen.) 

EthylsUloio Ethers. Teirethyho Silicate, (0'‘H‘)<SiO* = 2(C'H«)’0 SiO». 
— ^When a small quantity of absolute alcohol is poured upon silioio chloride, a brisk 
action takes place, accompanied by copious evolution of liydrocblorio acid, and a con- 
siderable depression of tomperatme , and on distilling the resnlting transparent and 
colourless liquid, more bydrocblorio aeid is evolved, then towards 90° a strongly acid 
product, after which the temperature quickly rises to 160°, at which point totrethylie 
sdicate passes over, and must bo coUocted in a separate receiver. 

Tetrethylie silicate is a colourless liquid, having a rather pleasant ethereal 
odour, and a strong pmpery taste Specific gravity = 0 933 at 20° (Ebelmen); 
0 9676 (Enedol and Crafts) It boils without alteration between 166° and 166°. 
Vaponr-density obs. = 7 32 ; calc. = 7‘207. It is combustible and burns with a 
dazzling flame, difiiismg a white smoke, consishng of silica in a state of cxlremely 
minute division. It is insoluble in water, which however decomposes it gradually, 
with separation of gelatinous sihca. Ammonia and the fixed alkalis dissolve and 
decompose it with faoihty. (Bb olmen ) 

Aecordingto Knop and Wolf (Jabresb. 1861, p. 207), the liquid obtained by satu- 
rating absolute alcohol (kept cool) with fluoride of silicon, is a mixturo of totrotliylio 
sihoate and silicoflnorio acid (p. 270). 

Dietliyltc iSiiicaie, (0’H‘)’SiO” = (C*II‘)°O.SiO’, is produced by the action of 
sdioie chloride on aqueous alcohol: 

SiOl* + 20=H»O + ffO = (C’iH“)»SiO« + 4HC1. 


It is a colourless liquid, having a faint odour, specifle gravity =• 1-079, and boiling 
at 350°. _ Water decomposes it with separation of silica. When it is left in contact 
with moist air, the sihea solidifies to a transparent m.iBS, which contracts more and 
more, and acquires in two or three months the lustre and vitreous fracture of hyahno 
quartz, and becomes hard enough to serotoh glass. (Ebelmen ) 

Bzethyhe ^isihoate, (0=H“)WO» = (C’H‘)°0 2SiO°. is formed by distilling tho 
preceding compound with a small quantity of aqueous alcohol. Diethyhe silicate then 
passes over first, and diothyhc disiheate remams m the retort. If, however, too 
much heat is applied, more diotliyhc silicato is given offi and free silica remains 
hehiud. (Ebolmeu.) 
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DLethylic disilicate dissolves in ether, alcohol, and the other silicic ethers. 

Hexethylio J[)iaihcate,{C!‘K^)’Si^Q'' =. 3(^C’J3!")-0.2Si0h — Jnedel and Crafts 
Tvero not able to obtain the two othylic silicates last mentioned; but having prepared a 
considerable quantity of ethyKc silicate with alcohol that was not quite anhydrous, 
they found that the greater part of the product distilled over towards 240°, but that it 
was not possible, by distillation under the ordinary atmospheric pressure, to obtain a 
product of definite boiling-point By distillation in vaetca, however (under a pressure 
of a to 5 mm.) they obtained, after eight fractionations, a product boiling between 
125° and 130°, and having the composition of hexothylicdisilicate. 

This ether lb a slightly oily liquid, having a ratlier fragrant odour like that of normal 
silicic ether Specific gravity of 1 0196 at 0°, and 1 0119 at 19°. Vapour-density, 
obs = 12 025; Cidc. = ll-8ft 

Eiliylsihoic Chlorhyduns — By heating chloride of silicon with Ictrethyhc 
silicate in various proportions, Friedel and Crafts have obtained compounds derived 
from the latter by substitution of 1, 2, and 3 at. chlorine for an equivalent quantity 
of hydroxyl (HO). 

Ethyhilicio monocUorhydnn, (CPH*)'ClSiO’, is produced. 1. By heating 1 at. 
siheio chloride with 3 at tetrethyho sihcate to 160° for an hour m a closed vessel : 
SiCl* + 3(C’H“)^SiO* = 4(C’H‘)“ClSiO’ 

2 Together with etliylio acetate, by heating 1 at. tetrethylic silicate with 1 at chloride 
of acetyl to 170°— 180°: 

(0*H*)'SiO< + C»ffOCI = ((?H»)”ClSiO« + (C’H*0)(C2H»)0’. 

8 By distilling tetrethylic silicate with pentachloride of phosphorus It is a 
limpid liquid, of speoifie gravity 1 0483 at 0° Boils at 167° Vapour-density ohs = 
7 05 , calc = 6 81. It does not fume m the air, but is muddy decomposed by the 
action of moist air and of water, yielding Iijdrochlono acid and silica. It burns with 
a grcim-edged flame, diffusing white fumes of silica. 

Ethylsiheic BiMnrkydnn, (G'H“)’Cl’SiO'-.— Produced by heating 1 at. tetrethylic 
silicate with 1 at. silicic chloride • 

SiCl‘ + (C«ff)*S!0< = 2(C^H»)’CPSi02; 
or 1 at. silicic chloride with 2 at of the monoclilorhydrin ■ 

8iCP + 2(C!‘H»)>ClSiO» = 3(0’H»)«CPSiO< 

In either ease the materials mnst ho heated together for some time, and the product 
punfied by repeated ftnetional distillation, great ears being taken to prevent access of 
moisture. It is a liquid rescnihlmg the preceding, and liaving a specific gravity of r44 
atO°. Boiling-pomt 137° Vapour-density . obs = 6 76,oale. = 6 645. 

Ethylsihcio Tnchlofhydnn, (C’H‘)CPSiO — Prepaied by beating the dichlorhydrin, 
monoehlorhydrin, or tetrethylic silicate, for a long tune with excess of silicic chloride, 
and fractionating the product a great number of times with the precautions above 
indicated. It is a liquid of specific gravity 1 291 at 0°, boihng at 104°. Vapour- 
density obs. = 6 878, calc. = 6 216. 

Ethylantyhc Siltoatea — These ethers ore produced by distilling ethylsilicio 
mono-, di-i or tri-chlorhydnn with an equivalent quantity of amyhe alcohol s. g.~~ 
(C“fl»)’ClSiO» + (C»H>')HO = (0»H‘)»(C»n")SiO‘ + HOI. 

ItlhilslIlLir Amrile Aaiyl-tncthillc 

monoclilorhydrin alcohol. ailicatc. 

The mnnamyho compound, (C“H“)''(0“H")SiO<, is a limpid ebghtly oily liquid, 
having a faint odour, like that of amyl-compounds in general ; boils between 216° and 

226° The dinmylic compound, (G=H’V(C“H‘')°SiO*, has a specific gravity of 0 915 at 

0°, and boils between 246° and 260°— The coinpoirad, (C“H'*)(C“H'‘)’SiOh 

bus a specific gravity of 0 913 at 0°, and boils between 280° and 286° These mixed 
ethers, like tetramylic silicate, are less easily decomposed by alcoholic ammonia than 
tetrethylic silicate (Friodel and Grafts ) 

rrieihyl-acetylsihoio Ether. (C’>H")»(C’>n’0)SiO< Ethylic SiUco-acctin — 
Produced by henting tetrethylic silicate with acetic anhydride to 180° for fourteen 
hoiu'S, and separated by fractional distillation It is a limpid slightly oily liquid, 
with a slightly acetic odour, becoming stronger after exposure for some time to a moist 
atmosphere, Boils at about 190°. Bums with emission of white clouds of silica, 

nxetbylsillolo Et&erg. (Friedol and Crafts, Ann Ch Phys [4] ix 32.) — 
Tctramethyhc sihcate, (CH’)'‘SiO*, is prepared, like the corresponding ethyl-compound, 
by the action of silicic chloride on perfectly pure and anhydrous methyho alcohol 
(obtained by distilling ordinary methylic alcohol, first over sodium, and then over 
phosphoric anhydride). It is a colourless limpid liquid, having a fragrant ethereal 
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odour, and a spociflc gra-iuty of 1 0689 at 0°. Boils at 121°— 122°. Vaponr-doiisity . 
oils. = ,l'380,calc. - 6 264. It is moderatply soluble in water, the solution re- 
maining clear, and not depositing gelatinous silica tiU after the lapse of several weeks. 
It burns with omission of while fumes. It is rapidly deconipoised by exposure to 
moist air. Aqueous -aloohol converts it into a mixture of methylic polysilicates. 

Hexinethylk Bmlwate, (OH»)WO’ •= 3(CH’)«0.2Si0*, is obtained m the prepara- 
tion of tetiamolhylic silicate when the methyl-alcohol used is not quite anhydrous • 
also by heating the tetrainethylic ether with wood-spmt containing the quantity of water 
required by theory for its production. 2(CH*)‘SiO-' + H®0 — (CII")*Si^O’ -I- 2(CH'‘)HO. 
It resembles the tetramethylio ether, has a specific gravity of 1-1441 at 0°, and boils 
between 201° and 202-6. Vapour-density ohs. = 9 19, calc. =. 8 93. 

Methylailicic Chlorhyirina — These compounds are precisely analogous to 
the ethylsilioic ohlorhydi-iiis already described, and are obtained lu like manner. 
They are limpid liquids, having an ethereal odour, burmng with a green-edged flame, 
and diffusing white clouds of siheu ; easily decomposed by moisture , converted by 
wood-apint into totramethyhc silicate. Their densities andboihng-pomta are exhibited 
in the foUoiving table. — 


Monochlorhydrin, (CH»)»ClSiO» . 

Dichlorhydrin, (CH»)2CPSiO» . . 
Ti-ichlorhydxm, (Off )CPSiO . . . 

Bolllng-potnt. j 


: Vapour. 

•density. 


oba. 

calc 

III 

1-1964 

1-2696 

6-678 

6-60 

6 66 

6-42 

0 57 

6 73 


Methyl-ethylaihoio Ethers . — These compounds are produced by the action of 
ethylio alcohol on the methylailioio ehlorhydriiis. 

Mhyl-inmcihylxo Silicate, (CH“)''(C“H*)SiO ', is obtained, together with a small quan- 
tity of the following oompoiino, by treating methylsdicic monocblorhydrm with 
excess of common alcohol. It boils between 133° and 136°. 

Eietkyl-dimcthylio Silicate, (CH®y(C’H'‘)*SiO ', is obtained by the action of othylic 
aloohol on methy'lsilioio diohlorhydrin, and by that of methylic alcohol on tetrothylio 
silicate. It IS a liquid of specific gr.ivity 1 004 at 0°, and boiling between 143° 
and 146°. Vapour-density: obs = 0 178, eolc. = 6 233. 

Tnethyl-methylio Silicate, (OH*)(C’‘H‘)*SiO', is obtained by the action of etliyl- 
sihcio monochlorhydrin on methylic alcohol It has a speeiflc gravity of 0 981 at 0°, 
and boils between 166° and 157°. 

Dimethyl -diamy ho Silicate, (ClI*WC“H")’SiO'‘. — ^Produced by distilling 
mothylsihoio monoohlorhydrm with two-thirds of its weight of omylio alcohol Boils 
between 226° and 236°. Decomposed by alcoholic potash, but not easily by alcoholic 
ammonia. 

SIIiICIDSS, ItXETAIiXiIC. Silicon unites readily with aluminium, iron, zinc, 
platinum, and some other metals, but not with sodium, and apparently not with lead 
or potassium. Towards aluminium and zinc, silicon behaves in the same manner ns 
carbon to oaat-iron, dissolving in these metals when melted, and separating in the 
crystalline form on coohng 

Silioide of Calcium, probably CaSP, is prepared by intimately mixing 300 grains 
of graphitoidal silicon with 3,000 grains of chloi-idc of enloium in a hot mortar, briskly 
agitating the mixture in a wide-niouthed bottle with 350 grama of sodium cut into 
small pieces, and introducing the whole into a red-hot crucible, into which a little fused 
common salt has been previoiisly tbrowu, and upon this a muss of sodium weighing 
360 grains. The whole is then covered with alayer of fused and pulverised chloride of 
sodium, the cover is put on, and the firo is gradually raised to a tcmporatiire sufficient 
to molt cast-iron, at which it must be maintained for half an hour. On breaking the 
crucible when cold, the silicide of calcium is found (if the oporntion has boon siioeuss- 
ful) in a well-fused button, which must be preserved in tightly-closed vessels. 

Silicide of calcium has a lead-grey colour, metallic lustre, and scaly crystnlliiio 
structure with an indistinct indication of hexagonal plates. VTien exposed to the air, 
or thrown into water, it slowly onimbles down to a mass of gi-aphito-lilco plates, with 
evolution of hydrogen. This disintegration is due to the liydi-ation and oxidation of 
part of the calcium and silicon, the new products remaming mixed with some unaltered 
silicide. Fuming nitric acid does not attack sibcidoof calcium. Hydrochloric, acetic, 
or dilute sulphuric acid converts it into a compound of silicon, hydrogen, and oxygen, 
called silioono or chryseone (p. 275). (Wohler, Ann Cli Pharm. cxxvii, 257 ) 
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Silicide of Cerium, CeSi — When a mixture of fluoride of potnesium aud oxide 
of canuBi, fuBcd in a porcelain crucible, is eubjected to electrolysie, silicide of cerium is 
deposited at the negative pole together -with potassium ; and on -washing the deposit 
with water to remove the latter, the silicide of cerium remains as a broivn powder, 
which IS insoluble m acids, and burns with a reddish flame, leaving a yellow powder 
mixed with black particles. (Ulik, Zeitsehr. f. Cham. [2] ii 60.) 

Sihotdes of Copper. — ^These compounds possess great h.Trdne.ss, and become 
harder but less malleable as the proportion of sibcon incvpases A whjte copper- 
silicide, very hard to the flle, is formed in the preparation of silicon by passing the va- 
pour of silicic chloride over sodium heated in copper trays. A copper silicide contain- 
ing 12pts. silicon to 88 pts copper is obtained hy fusing 3 pts. ofpotassiosilicofluoride, 

1 pt sodium, and 1 pt. copper-tummga, at such a temperature that the melted metal 
is covered by a very fluid slag. The compound is white, brittle, and more fusible than 
silver. By fusing this sUicide -with a larger quantity of copper, a compound may ho 
obtained containing 4 8 per cent, silicon ■ it has a tine light bronze colour, is. as 
malleable as ordSinary bronze, somewhat less hard than men, and may be -nTonght like 
the hitter, is very m^eable, and may he drawn out into -wire having at least as much 
tenacity as iron wu’e (Deville and Caron, Ann. Ch. Phaim. civ. 232 ; Ann. Ch, 
Phys [3] bevn. 466 ) 

By precipitating enpric sulphate with silieim’etted hydrogen, a eopper-sibcide is 
obtained, as a dark copper-coloured fldm, translucent with brownish colour when very 
thin. This eompoimd is easily oxidisahle, hoing quickly converted, hy exposure to the 
air at ordinary temperatures, into lemon-yellow eiipnc silicate ^ Dilute lutne acid 
docoinposos it immediately, separating metallic copper , hydrochloric acid dissolves it, 
with evolution of hydi’ogen and separation of silicic oxide With potash-ley it quickly 
gives off hydrogen, and deposits copper fluo from silicon , it also gives off hydrogen m 
contact with ammoma. 

Sihetde of Iron. See InoN (lii. 834). 

Silicide of Magnesium. — The mass obtained hy fusing together ohlonde of 
magnesium, chloride of sodium, eilicofluoride of sodium, and metaUio godiiun, for the 
preparation of sibeiuretted hydrogen, contains, besides free silicon, two sibeidoa of 
magnesium, one of which gives off siliomretted hydrogen when treated -with aqueous 
sal-ammoniac or hydrochloric acid , whereas the other, when treated -with hydrochloric 
acid, yields free hydrogen and hydrated oxide of siheon (W ohler) 

Sihcide of Manganese. See MAkgakesb (iii. 816). 

Sihcide o/ Plat-tit im— Platinum unites readily -with silicon, foming a very 
fusible compound • hence, on fusing sihcon in a platinum oraeihle lined -with lime, caie 
must he taken to moke the huing very dense, as, if the adioon comes in contact witli 
the platinum, the crucible will bo perforated. 

Sihcide of Fotassiumif) — ^According to Berzelius, sihcide of potassium is 
formed in the preparation of silicon by heating potassio silicofluoride ivith 
potassium, but, according to Deville, the potassium is merely mixed with the free 
sibcon. 

SlZiIcmns, OROANXe. (Priodel and Grafts, Bull. Soo Ohim. 1863, p. 
468 ; 1865, i 368.) — Sdtcon-eihgl, cthglie sibeide, or sikoio ethide, Si^G^H*)’, and 
the corresponding methgl-compound, Si(CH‘)*, ore prepared by heating silioio chloride 
with zme-ethyl and zinc-methyl respectively in sealed tubes They are bmpid hijuids 
lighter than water, and bm-uing -witii a bnghl flame, oraittuig white clouds of silica 
They are not attacked by potash or by ordinary nitric acid, but are decomposed, the 
methyl-compound -with great difficulty, by beating with fuming nitrio acid la sealed 
tubes. Their boiling-points and vapour-deubities are as follows — 

BolHnB-pointe. Ob»*' Calc. 

Si(CH>)'‘ 30°— 31° 3 083 3-043 

Si(CiH»)< 162°— 164° 613 4-98 

BIltICITna, Syn. -with Siucon. 

sri.ICO-AI.WJWI3!irATBB.) 

SIIIOO-BOBATES. { See SttlOATES (p 262). 

SIl.lC 0 FI>tr 0 BXDas. See SnucoN, PknouTna ox (p. 2r0). 

SIIICOST, or SIIiICITTIUC. Atomic weight, 28 , Symbol, Si — This element, though 
very abundant in nature, is never found in tho freo state, but always in combination, 
either with oxygen alone, ns sihea (p. 240), or with oxygen and metals, forming silicates. 

Silicon is obtained m the freo state by the action ol reducing agents on the chloride 
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or fliioi'ido, and, like Loron, assumes tho amorplious, graphitoidaJ, or crystallino state, 
accoifliiig to the mode of separation adopted. 

1 Amorphous Stlican — This is tho form m which silicon wasfirst isolated hy Borzeliiis 
(m 1823) It is ohtaiued hy heating dry potassio sUieodnorido in a glass or iron 
tube, with eight or nine-tenths of its weight of potassium, or sodio silicoilnoride with 
half its weight of sodium. Bluonde of potassium or sodium is then formed, and sihcon 
is set free : 

2EI'.SiI'* -t 2K” = 6K]? + Si. 

The mass when cold is treated with cold water as long os tho wash-water exliihits 
any alkaline reaction, then with boiling water as long as anythmg is dissolved. Silicon 
may also bo prepared by passing tho vapour of sdieic chloride over potassium or 
sodium heated in procolam trays m a glass tnbo,_ which it is best to protect hy lining 
it with thin plates of mica. — Amorphous silicon is likewise obtained by electrolysing 
a fused mixture of sihcofluoride and fluoride of potassium , it may bo purified from 
potassium deposited at tho same time by washing with sulphuric acid. (tJlik ) 

Silicon thus obtained is a dull brown powder, heavier than water, and insoluble 
therein. It is a non-conductor of electricity , soils the fingers when touched; is not 
acted upon by nitno or sulphuric acid, but dissolves easily in hydrofluoric acid and in 
warm aqueous potash When heated in a non-omdising atmosphere to a tomper.aturo 
between the melting-points of steel and cast-iron, it fuses ; but when heated in air or 
oxygon-gas, it burns brilliantly, and is converted into silica, which melts from tho 
intense heat, and forms a superficial crust over tho unbiimt silicon 

2 Graphtio'tdal Stltcon.—When amorphous silicon is strongly heated in a platinum 
crucible, it shrinks together, becomes much denser and darker in colour, and much 
leas oxidisable (Berzelius). A similar modification of sihcon was obtained by 
DeviUe in preparing aluminium by the electrolysis of sodio-ulummio chloride (i. 162). 
The first portions of alumimum tos obtained are oontaimnotod with silicon derived 
from the charcoal electi'odos ; and when this alloy of silicon and aluminuim is treated 
with hydroohlorio acid, the sihcon remains undissolved m tho form of shining metaUio 
scales resembling maphite A more productive method of obtaining this variety of 
silicon is given by Wohler (Oompt rend. xbi. 48) It consists in mixing aliimminm 
with between 20 and 40 times its woiglit of silicofluondo of potiissmm, and heating 
the mixture in a Hessian erucihle to the ineltmg-pomt of silver. A matalUe button is 
thus obtained, which, when treated successively with hydrochlono and hydrofluoric 
acids, yields graphitoidal silicon, partly m isolated hexagonal tables, tho edges of 
which are often curved. Another mode of propimation is to fuse 1 pt of alimimuim 
wiUi 6 pts. of glass free from lead, and 10 pts of powdered cryolite, and treat the 
mass first with hydrochloric, then with hydrofluoric acid. Oraphitoidal silicon 
exhibits aU the properties ascribed by Berzelius to silicon wliieb bas boon strougW 
heated. Its density is 2 49, which is less than that of quartz (from 2 6 to 2 8). It 
may be heated to whitonoss in oxygen-gas without bumiug or undergoing any altoiu- 
tion in weight ; but when heated to redness with carbonate of potamum, it decom- 
poses the oarhonio acid, with vmd emission of hght and formation of silica AVith 
nitrate or chlorate of potassiim, it may be fused at a red heat witliout alteration, but 
at a white heat it bums brilliantly ; the oxidation is greatly facilitated by the addition 
of a little eurbonata of potassium. It is not attacked by any acid, excepting a mixture 
of nitno and hydrofluoric aoids. A strong solution of potash or soda dissolves it 
slowly, with evolution of hydrogen. Heat^ to commencing redness in dry ehlonno 
gas, It burns completely and forms chloride of silicon 

3. Crystalline or Adamantine Sdicun. — a. When silicon is heated in a platinum 
crucible lined with bme, to a temperature between the melting-points of stool amt cast- 
iron, it melts to dark steel-grey globules, which frequently show well-marked signs of 
crystallisation, and sometimes yield the sfiicou m double six-sidod pyramids. (Dovillo, 
Ann Ch. Phys. [3] xbx. 68.) 

When vapour of silicic clilonde is passed over aluminium kept in a state of 
fusion in an atmosphere of hydrogen, part of the aluminium is converted into chloride, 
which volatilises, and the silicon thereby separated dissolves in the remaining aiumi- 
nnim, which thus becomes more and more saturated with silicon , and at length a 
point IS obtained at whioli the excess of silicon separates from tho melted aluminium 
111 large beautiful needles, having a dark iron-grey colour, redchsh hy reflected light, 
and exhibiting iridescence like that of iron-glance. These crystals appear to bo 
derived from a rhombic octahedron, and often, like tho diamond, exhibit curved faces. 
They are very hard, and capable of seratcliing or cutting glass (Dovillo). An easier 
method of obtaining crystallisod silicon is to introduce into a red-hot earthen cruciblo 
a mixture of 3 pts. potassio silieofluoride, 1 pt of sodium in small pieces, .and 4 pts 
of granulated zinc The mixLiu'O must be keptat a red heat, but below the tonipeiatiuo 
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required to volatilise the zinc, till the slag is completely melted , then left to cool 
slowly. The maas of zinc thus obtained contains long needles of silicon formed of 
ootahedi'ons (? rhomhic) inserted one into the other. Much of the zinc may he 
o.vtraetcd hy partial fusion at a low temperature, and the zine which runs from the 
pasty maaa, in which the silicon is retained, may bo employed again in a sunilar 
operation The zme, which still adheres to the silicon, may he removed by digestion, 
flist in by drochlone, and afterwards in boihng nitric acid. If a very high temperature 
- be employed in the operation, the whole of the zme may be expelled, and the silicon 
obtained in the fused state. Deville and Caron have in this way fused several 
hundred gr.immes of silicon under a layer of potassie sUicoflnoride, at a temperature 
near the melting-point of east-iron, and have cast it into large oyhndrical bars, 
without sensible loss by oxidation. These bars exhibited a brilliant surface, which 
was not altered by exposure to the air (Ann. Ch. Phys [3] Ixm. 28 ; Ixyii. 41.1) , see 
also Bobbins {Chem. News, v. 102). 

SXX<lCO», BROMrDE OT, SiBr*.— This compound, discovered by SemUas, la 
produced by passing bromine-vapour over an intimate mixture of sihea and charcoal, 
heated to redness in a porcelain tube • it is purified by agitation with mercury, and 
distillation Colonrloss liqmd, of specific gravity 2 818, and havnig a pungent odour. 
It Bohdifles at 12^ to 16° to an opaque, white, slightly nacreous mass;^ boils at 
153 4° (under a pressure of 762 mm.), fumes very strongly m moist aor, and in contact 
with water is immediately resolved into hydrohromie acid and gelatmous silica. 
Heated with potassium, it decomposes with detonation. 

Siltoohydrio Bromide, SOTBr'” = 3SiBr’4H01, is obtained by passing 
hydrobromio acid gas over ignited crystaUme silicon, and passing the evolved vapours 
tliiough a TJ-tube, cooled with leo and salt When purified from free bromine by 
agitation with mercury, it is a colourless liquid, of specific gravity about 2 5 ; it fumes 
strongly in the air, and is instantly decomposed by water, yielding hydrobromio acid, 
and the corresponding hydrated oxide, Si“H*0®, which forms a film on the surface, and 
for a while protects the remaining bromine-compound from further decomposition. 
(W ohler and Buff, Ann. Ch. Pharm. civ. 99.) 

SZliICOnr, CBXiOBIOB op. SiOP.— T his compound is formed when sihoon is 
heated in chlorine gas ; but the best mode of preparing it is to mix finely-powdered 
silica to a paste with oil and charcoal, heat the mixture in a covered omdiblp, and 
Ignite the charred muss in a porcelain tube, through which a current of chlorine is 

SiO* + 2C1* + C* = 2CO + BiClh 
The product is received in vessels cooled by a freezing mixture. 

Chloride of silicon, or sUioio chloride, is a transparent colourless hquid, of speoifle 
gravity 1 5237 at 0°. It remains liquid at — 20°, coils at 50° (Serullas). Vapour- 
density obs. = 6 939 (Dumas), cnlc. = 6 8905. Tha vapour has a suffoeating 
odour, and reddens litmus. 

Chloride of silicon is quicldy decomposed by water, yielding hydrochloric acid and 
silica, a considerable quantity of which remams dissolved if the water is in large 
proportion. Botassiwm, heated in the vapour, decomposes it with separation of silicon. 
Pused potassium dropped upon the hqmd chloride causes an explosion. 

Silioohydric chloride, SOT^Cl"’ = 3SiCl’'.4nCl, analogous to silicohydrio 
bromide, is prepared in hke manner by passing hydrochloric acid gas over crystallised 
silicon heoted to barely visible redness, and condensing the product in a H-tube cooled 
to 0° It IS a colourless very mobile liqmd, of specifle gravity 1 66, boiHng at about 
42°. It fumes strongly when exposed to the air, depositing a white film on surround- 
ing bodies, and emitting a suffocating vapour It is highly inflammable, and burns 
with a greenish feebly luminous flame, depositing silica and emitting hydrochloric 
acid The vapour mixed with oxygen explodes violently on transmission of an electric 
spaik, depositing sihea, and yielding hydrochloric acid and tetracbloiudo of silicon It 
may be boiled over sodium without decomposition — hence it does not appear to contain 
ready-formed hydrochloric acid ; a similar observation applies to the bromide. When 
passed through a rod-hot tube, it is resolved into a mixture of hydroohlorio acid and 
the tetrachloride, whilst half the silicon is deposited in the form of a brown, amorphous, 
metallie-shming cinst. Water decomposes it immediately, with great rise of tem- 
perature, forming hydrochloric acid and the corresponding hydrated oxide, called 
leucone Si^ffCl'" -I- 6H»0 Si“ffO* + lOHCl. (Wohler and Buff, Ann Ch. 
Phai-in. CIV 94 ) 

aix-icoif, BBTECTIOir Airs ESTIMATION OT, The methods of 
aniilysiiig compounds, in which silicon occurs as sibcic acid, have been already 
detailed (p 246). 
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Tha chloride, bi'otaide, and iodide of silicon are completely decomposed by 
•water, and on evaporating tlieliqmdtodiynese, the whole of the residting hydrochloric, 
hydrobromio, or hydnodio acid goes ofl? and the silica remains, and may be weighed 
The quantity of chlorine, &a. may also be directly determined by precipitation with 
nitrate of silver. 

When fluoride of silicon is decomposed by water, port of the silica is preci- 
pitated, while another portion remains dissolved, as silicoiluonc acid 2HF.SiF'‘. The 
precipitated silica is separated by filtration after addition of alcohol, and the silico- 
fluorio acid may he completely precipitated from the filtrate by addition of chloride of 
potassium. The precipitated silicoftnoride of potassium is collected on a filter, washod 
with a mixture of equal volumes of alcohol and water, then dried at 100°, and weighed , 
and the quantity of silicon (or the corresponding quantity of silica) contained in it 
is determined by calculation. As the liquid fllterM from the precipitated silicoflnorido 
may still contain silica (which m the precipitated state is somewhat soluble in water, 
p, 241), it must be evaporated to di^oss, tho residue digested with water, and the 
silica that lemams undissolved, collected and weighed 

Metallic siHooflnondes are most easily analysed by heating thorn with strong 
Biilphurie acid, whereby the whole of the silicon and fluorine ate driven off in the form 
of siboic fluonde and hydrofluoric acid, w’hile tlie metal remains as sulphate, which may 
ho weighed, after the excess of siilphurio acid has been expelled by heat, aided, if 
necessary, by addition of carbonate of ammonium, tho quantity of metal tliciico 
detevmmed, gives the quantity of metallic fluoride in the compound 2MF.Sijr' or 
M"F"SiF*. 

If it be desired to determine directly the quantity of silicic fluoride, the silicofiuorido 
maybe decomposed by boiling it with a shght excess of sodic carbonate, whereby fluonde 
of sodium is formed, oarbonio anhydride is evolved, and the metal of the siUcofluondo 
IS preoipitatsd as oxide, mixed with the sihea. These may be separated by the usual 
methods, and the fluorine precipitated by chloride of calcium (ii 674). The same 
method must ho resorted to if the silicoflnovide to he analysed is m solution, or if it 
IS mixed with other salts (H. Eose, Ohvmu Analyiique, ii. 888 ) 

The decomposition of silioofluorides by ignition dons not yield very exact results ; for 
although tha whole of the fluonde of silicon is ultimately expelled, and the metallio 
fluonde remains, the weight of the latter can seldom bo determined exactly, hocouso 
tho escaping fluoride of silicon hoing decomposed by the moisture of the air, or by 
water evolved &om tho lamp or other source of heat, a deposition of silica takes place 
on the oraoible, and increases its weight (H Eose.) 

Atomic vieight of Silicon — ^Berzolius regarded silica as a trioxido, SiO*, and 
represented the tuilonde, bromide, &c by the corresponding formulie, SiCF, SiBr®, &o 
L Gmelin, in his HancLboolc (ni. 362), adopted for silica tho formula SiO^, 
on account of the neater simpheity of the formulce which it yields for the com- 
pounds of silicon both natural and artificial. This view, which amounts to re- 
garding silicon as tetiatemio, is corroborated by the vapour-densities of tho chlorido 
and fluonde of silicon, and by the composition of tho siheio ethcis (p. 263) Tlio 
vapom’-donsity of sdicio chloride, ns determined by Dumas, is 6 980, and tliat of tlio 
fluonde 3 60. Now if these compounds be represented by the tetnitomio formnira 
SiCl* and SiF* [Si = 28], their vapours ■will exhibit the normal condonsatioii to 
2 volumes, whereas the formulae SiCl" and SiF" [Si >= 21] would represent a condensa- 
tion to li volume : thus— 

Chloride, SiCF; • 35-5 ^ ^ g.gggs. 

„ SiCP, X 0 0693 = 6 8905. 

Fluonde, SiF‘ ; ^ x 0 0693 = 3-604. 

„ SiF"; X 0-0693 =. 3-004. 

The older numencal determinations of the atomic weight of silicon by Berzelius, de- 
pending on the analyses of oei-tam sihcates and of cast-iron containing silicon, did not 
yield accordant results. By tho analysis of sihcofliioi-ido of barium (100 pts of the dry 
salt, decomposed by sulphuric acid, yielding 82 933 pts. sulphate of benum) Berzelius 
obtained Si (tetratemic) = 27-64 More exact results ore obtained by decomposing 
chloride of silicon mth nitrate of silver Polouze(Ann. Ch. Pharin. Ivi 202) found 
that 3 685 pts of silver dissolved m nitnc acid, precipitated tho chlor no from 1- 1.54 
pts chloride of silicon , whence Si = 28-48. Dumas {ihA. cxiii 31), from tho iiieim 
of three experiments conducted on tho same principle, obtained the number 2S 02 
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SIIiXCOIT, FliVORIDXl or. Si]?* —A gaseous compound, produced whenever 
hydrofluoric acid comes m contact with sihca or any Bilicious substance, such as glass, 
and therefore also when a mixture of a fluoride with sihea or a aihcate is heated with 
sulphuric acid. The reaction is, 

dHF + SiO* = 2H’0 + SiF*. 

To prepare it, powdered fluor-spar, mixed with sand or flnely-pounded glass, is 
gently heated m a flask with strong sulphuric acid, and the gas is collected over mer- 
cury in dry glass jars. If the receivers are coated with a film of moisture, they become 
coated with an opaque deposit of sihca, which cannot bo removed. 

Fluoride of silicon is a colourless gas, having a specific gravity of 3 60, and a highly 
pungent and suffocating odour, like flint of hydrochlono acid. According to J. Davy, 
It reddens litmus-paper even when perfectly dry. It hquefies under very strong pres- 
sure (Faraday), and solidifies at —140“ (Untterer). It is not inflammable, hut 
extinguishes a lighted taper. It fumes strongly in the air, and is absorbed in lai'ga 
quantity by water, which at the same time docompoaeB it into silica and silicofl.uorio 

' 3SiP* + ZH’O = 2MiF« + SiO’. 

Aqueous aljcalh and allAne earths either act like water, precipitating only one-third 
of the silicon as silica, and forming a silicofluorido, SiF®, as with potash ; or 
they precipitate the whole of tho silica, and form a motoUic fluoride, ns is the case with 
soda Many metallic andes in the anhydrous state absorb gaSoous fluoride of silicon, 
produomg heat and sometimes even flame, and apparently forming a mixture of sihca 
and inetalho fluoride — Burnt kme, immersed in tho gas, bocomes red-hot throughout 
its whole mass. — Foiassticm, at ordinary temperatures, acts but shgbtly on the gas , 
but if heated till it molts, it blackens, aud burns wifli a dark-red flame, absorbing a 
portion of the gas, and yielding a dark-brown brittle mass (G-ay-Lussao and Th4- 
nard) Sodium acts in a similar manner. 

Fluoride of silicon combines with twice its ownvolume of arnmoma-gaa, forming a 
volatile crystalline compound, 2NH* SiF*, which is decomposed by water, yielding 
sihea and a solution of fluoride and silicofluonde of ammomum (J. Davy) . 

2(2NH>.SiF*) -I- 2H'0 = 2NH*P + (NS‘)=SiF« + SiO» 

Absolute alcohol absorbs fluoride of sihcon, forming a liquid called sihoo- 
fluorie OP fluoBilioio alcohol, consisting of a mixture of tetretliyhc silicate 
and sihooflnoric acid To obtain a saturated solution, tho alcohol must he kept cool 
(Knop and "Wolf, Chem. Centr. 1861, p. 822 ; Jahresh. 1861, p 207.) 


SiUcoflaorlo acid, SiH“F* = 2EF SiF* —An acid produced by the action of 
water on gaseous fluoride of sihcon. To prepare it, tho generating flask is fitted with 
a wide glass tube, dipping under 
Ing. 743. mercury at the bottom of a glass 

— jar, as in fig. Water is 

M heat applied to tho mixture in 

the flask. Tho object of making 
I tho end of tho tube dip under 

'm/ / mercury, is to prevent it from 

Jj being stuped up by the deposited 

I j , ji sihea. &ch bubble of gas, as it 

composed, as above explaiucd, 
into sihcofluorie acid and free 

ElQy while the latter is set free in 
/SI iill^ state, and forms 

bubble as it rises above the 
surface of the mercury , ul- 

ciontiy saturated, it is separated 
from the sihca by preseuro be- 
— tween hneii, and finely by filtra- 

. An easier method of obtaining tho acid in largo quantities is to dissolve sihca m 
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A saturated solution of silicofluorie aad forms a veiy sour fuming liquid, -wliicli 
gradually evaporates at 40° in platinum vessels without leaving any residue. It does 
not attack glass except when evaporated upon it, in that ease the fluoride of silicon 
goes off first, leaving hydrafluoric acid, which corrodes the glass, and ultimately evapo- 
rates also as fluorido of silicon. 

According toStolba (J pr. Ohem. xc. 193), the specific gravity of the aqueous 
acid increases regularly with its strength, as shown by the following numbers. — 
Percentage of ffSiP* ..05 1 1‘6 2 6 10 

Speeiflo gravity at 1 7'5° . . 10040 1-0080 1-0120 1-0161 1-0407 1 0834 

Silloofluorides. 2ME',SiF*, or M"F*.SiF'*. — Those salts are produced- — 1. By 
dissolving a metaUio oxide, hydrate or carbonate (or, m the ease of iron or zinc, 
the simple metal) in sUieofluono acid till the liquid is nearly saturated, — when, if the 
compound is not insoluble, it is separated on evaporating the liquid in a platinum- 
vessel. If it gelatinises from excess of sihca, a small quantity of hydrofluoric acid 
must he added, and this, on farther evaporation, volatilises with the silica in the 
form of sihoio fluorido. — 2. By the action of silimc fluoride on metallie fluorides (either 
dry or m solution), which reaihly absorb the gas • or on metalhc oxides or eai-houates 
shghtly moistened with water. In the latter case a portion of tlie sihcon is separated 
in the form of silica. 

Most silioofluorides are easily soluble in water , only those of sodium, lithium, 
barium, calcium, and yttrium, are sparingly soluble. The solutions frequently- yield 
hydrated crystals. Many of these crystals lose their water by efflorescence on expo- 
sure to the air, and all of them undergo this change when heated 

The silioofluorides reddenlitmus, and for the most part have on acid and bitter taste. 
By prolonged igmtinn, tliey give up the whole of the fluoride of sihcon, the motaUio fluo- 
ride remaining behind in the pure state It they contain water, the gaseous fluorido of 
silicon, as it escapes, is acoompamed by a white sublimate in the form of minute drops, 
which on exposure to moist air deposit silica 

The Hihoofluondes, many of them at least, are resolved by ignition with potamum 
into silicon and fluoride of potassium, whilst the metallic fluorido previously in com- 
hiiiatiou -with the fluoi-ide of silicon, either remains unaltered, or gives up its fluorine 
also to the potassium. The action of iron at a red heat is similar to that of poUissium 
(Berzelius). With oil ofvxtixal, the sihcofluorides at first evolve gaseous fluoride of 
sihcon with effervescence , then, at a tompei-uture which, in the case of the calcium and 
barium-oompound, exceeds 100°, anhydrous hydrofluoric acid is evolved. Hydro- 
cUo^'%0 and mine acids expel only a part of the hydrofluosihcio acid The silicofluo- 
rides are decomposed by excess of idkali, silica being precipitated, and a motallio 
fluonde remaining in solution - e g. — 

2KFSiF< + 4EHO = SiO* + flEP + 2H’0. 

8iliaofluor%d,es of the AlTcah-metals — The aronKmium-saii, (HII-‘)®SiF'’ = 
2NH*F SiF*, is produced by neutrahsing sdioofluoric acid with ammonia, avoiding an 
excess. The filtered liquid yields the salt by spontaneous evapor.ition, in large, trans- 
parent, shilling, four- or six-sided prisms, containing water of crystallisation. 

The Mlmm-salt, 2liiF SiF"*, ei-ystoUiaes from solution in silicofluoi-ic acid m small 
transparent grains, which under the microscope present the appearance of six-sided 
prisms. It has a shghtly acid mi. hitter taste, melts at a rod heat, and ohstmatoly 
i-etams its fluoride of silicon. Pure water dissolves it very slowly, acidulated water 

The potassmn-salf, ^KF.SiF-*, is obtained ns a transparent golatinous precipitate, 
when silioofliiorio acid is added to any salt of potassium , when dry it forms an earthy- 
looking powder. It is one of the least soluble of the potassium-salts, and consequently 
silicofluorie acid is often used to precipitate potassium from the solutions of its salts, 
in this manner chlorie aeid is sometimes prepared from chlorate of potassium. 
According to Stolha (J. pr Chem. xc. 103), it has a specific gravity of 2-6649 — 

2 6666 at 17-6°, and dissolves in 833 1 pts of water at that temperature, and in 

1 04 8 pts. at the boiling heat It is insoluble m alcohol The salt melts at a low red 
heat, and boils at a higher temperatnro, slowly evolving gaseous fluorido of sibcon. 
Heated with potassium, it yields silicon and fluoride of potassium. 

The sodimn-salt, 2NaF.SiF'‘, resembles the potassium-salt, and is obtained in like 
manner. According to Stolha, it has a density of 2-7647 at 17 6°, dissolves m 

163 3 pts water at that temperature, and m 40 66 pts. at its boiling heat (101°). It, 

has a great tendency to form supersaturated solutions, and may ho used as a test for 
potassium-salts when the solutions of the latter ai-e not too dilute The solutions 
of the potOssic and sodic silicofluorides, when slowly evaporated, deposit the salts in 
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ring-shaped Croats on tho side of the vessel (Stolba). The sodium-salt is insoluble 
in alcohol, whether strong or dilute. 

Silicofluoridasof the Earth-metals — The Ba"FhSil?^, is produced 

on adding silicoilnonc acid to a soluble barium-salt, and is quickly deposited in 
microscopic crystals, insoluble in excess of the acid It is decomposed by ignition, 
fluoride of silicon going off and fluoride of barium remaining — According to 
Fresenius (Ann. Ch. Pliarm lix. 117). it dissolves in 3,802 pts. of pure water, and 
in 733 pts. of -water aeidnlated with hydrochloric acid — ^The stnnhum-aaU separates 
from a eolutioii of strontium-carbonate in ailicofluorie acid, on evaporation or 
cooling, in short hydrated rhombic prisms, with dihedral summits resting on the acute 
lateral edges. It is much more soluble than tho harium-salt, so that silicofluono acid 
may be used to distinguish barium from strontium in solution. — The caldum-salt 
crystalhses in four-sided obliquely truncated prisms, which are decomposed by water, 
yielding on tlie one hand an insoluble residue of silicon and fluoride of calcium, and 
on the other silicofluono acid, by which the remainder of the silicofluonde is dissolved 
■without decompoBitiou (Berzelius) — The gludnum-salt is easily soluble in water, 
and if the solution eontams excess of acid, it remains, after the volatilisation of the 
latter, in hard wlute masses resembling poreelam (Berzelius). — The magnesium-salt, 
big"!?’ S lF', is a transparent, yellowish, gnmmy mass, easily soluble in water (Ber- 
zelius), — The 1/ttrmm-salt is insoluble lu pure water, but soluble m water containing 
hydrochloric acid, andseparates on evaporation (Berzelius) ; decomposed. by evapora- 
tion (Popp) — ^The ziroontum-salt forms whitepearly crystals, very soluhlein water; the 
solution becomes turbid on boiling, but the greater part of tho salt remains dissolved 

StUeofluortdes of Heavy Metals — Antimony-salt, Asolntion of anUmonious 
oxide in silicofluoric acid crystallises by slow evaporation in prisms, which crumble to 
powder when dried in the air, and dissolve readily in excess of the acid (Berzelius), 
The cadmmm-salt forms long, transp.irent, efflorescent pnsms, very soluble in water. 
(Berzelius) 

Chromm.mlt. — Asolntion of chromic oxide in silicofluoric acid, yields by evaporation 
a transparent, green, amorphous, deliquescent mass, which, if it contains excess of 
acid, swells up in the Are bke alum, and again deliquesces on exposure to tho air. 
(Berzelius ) 

Cobalt-salt, Co'TbSiS'* 7H*0 -Pale-rod rhomhohedrons, easily soluble in water. 
(Berzelius.) 

Copyer-salia . — The cuprous salt, 2CuP.SiF*, is copper-coloured, rosembling 
cuprous fluoride, and behaves like the latter when exposed in the moist state to the 
air. 'TOen somewhat strongly heated, it melts, and gives off fluoride of silica -with 
ebullitions. (Berzelius ) 

Cupric Silicofluonde is obtained by spontaneous evaporation of a solution of 
cupric oxide in silicofluone acid, in transparent octahedrons and hexagonal prisms, 
containing Cu'T* SiF* 7H-0, which effloresce m the air, becoming light-blue and 
opaque, and giving off 2 at -water, and are easily soluble m water (Berzelius) 
Knop and Wolf prepare this salt by adding precipitated cupric oxide in alight excess to 
fluosilicic alcohol (p 270), diluted with 3 or 4 times its volnme of absolute alcohol. 
A pale-blue crystalline powder is thereby produced, the filtered aqueous solution of 
which contains pure cupric aiheofluoride, and yields, with potassium and banum-salts, 
precipitates having the usual composition of the silieofluondes, M‘F SiFh But by 
adding precipitated cnpric oxide to fliiosilicio alcohol diluted -with eight times its 
volume of water, and heated to 60°— 60°, a solution is obtained, which yields by 
double decomposition, compounds conuiiimg silicon and fluorine, but of more complex 
constitution than tho ordinary silieoflnoridcs — Another senes of flnosilicio compounds 
is obtained by decomposing the solution of cupric silicofluondo, or of the copper-salt 
last described, with zinc or iron. The zinc or iron-salt thus obtained yields, by double 
decomposition, the third senes of salts just meulioued. (Knop and Wolf, lahresb. 
1861 , p 207.) 

Sihcuftiioi ides of Iron — ^The ferrous salt, Fe''F’.SiF-‘, is obtained by spontaneous 
evaporation of a solution of iron in silicofluorie acid, in pale blmsb-groen six-sided 
pnsme, very soluble in water — Theferric salt, 2Fe"'Fb3S!F^ remains on evaporating 
a solution of ferric hydrate in silicofluoric acid, as a yellowish jelly, which dries up to 
a transparent gnmmy mass, completely soluble in water. (Berzelius.) 

The lead-salt, Ph"F-SiF^, dries up to a translucent gum, which tastes like other 
lead-salts, and redissolves completely in water (B erzelius ) 

The manganous salt, Mii''F® SiF' 7H®0, crystaUisos &om a very strong solution in 
long regular six-sided prisms, or by slower evaporation in shorter prisms and rhombo- 
hedi'ous. It has a vary light-red colour, and is easily soluble in water. Wliou. 
distilled, it first pves off its 7 at. water, and then gaseous fluoride of sihcon. (Ber- 



SILICON: HYDRIDE. 


273 


Sihcojluoriies of Mercury. — The mercurous salt, 2IIgr.SiT?'’, formed by digesting 
recently precipitated mercurous omde with silicuflnoric acid, sepiirntos on evaporation 
111 small crystals, sparingly soluble in water. — The mereiiiic salt, Hg'b'- SlF^ 
obtained by dissolving mercuric oxide m the acid, forms small pale-yellow needles, 
which when distilled give off first gaseous fluoride of siheon, then mercurie fluoride. 
They dissolve completely in aoididuted water, but are decomposed by pure water, 
yielding an acid solution and an insoluble baste salt. (Berzelius.) 

Silicojluondes of Molyhdemim — -A solution of molybdous hydrato in excess of 
sihcofluorie acid dries up when heated to a black neutral compound, which redisaolves 
in the aqueous acid, — A solution of molyhdio hydrato in silieofluorie acid acquires 
a bluish tinge when left to evaporate, and yields a black unerystaUisable mass, from 
which water dissolves out the blue salt, leaving the neutral compound in the form of a 
jet black powder. 

The yellowish solution of molyhdie trioxide m sihcofluorie acid leaves, when 
evaporated, a lemon-yellow opaque subfltaiiee, which redissolves for the most piu't in 
water (Berzelius) 

Plutinic SiLicoJluonac — The yellow solution of platimo hydrate in silieofluorie acid 
dries up to a ypUowish-brown gum, which partly redissolves in water, leaving a brown 
basic salt. (Berzelius ) 

Silver-saU, 2AgF SlF*. — solution of silver-oxide in silieofluorie acid yields dch- 
quosoant granular crystals Ammonia added to the solution throws down a light- 
yellow basic sal t, which, when treated with excess of ammonia, is converted into silicate 
of silver (Berzelius.) 

Stannic Stlmfluonde, SiiF*.2SiF*, crystallises in long prisms, very soluble in water. 
(Berzelius.) 

Uranoua StUccJluoride is obtained as a p.ile-gropn gebitinous precipitate on adding 
silieofluorie aoid to uninous chloride When heated in a tube, it yiolds water, hydro- 
fluorio acid, and sublimed silica. (Eammelsberg.) 

Vanadio Sdicofluoi ules — Tho blue solution of vanndie dioxide in siheofluorio 
aoid leaves, when quickly evaporated, a blue substance, whicli, at a moderate heat, 
swells up to a pale-blue porous mass. The solution, if left to evaporate spon- 
taneously, turns green, and loaves a syrupy liquid eontivmiug erysfals. — Vanadia 
trioxido forms with silieofluorie aoid a red solution, which leaves on evaporation an 
orange-yellow mass, only paatially soluble in water, (Borzolins ) 

Sdicofluoi ido of Zinc — Asolution of zmc-oxide in sihcofluorie acul yields, by eviipo- 
lation at a high temperature, three- and six-eidod tiunsparont colourless prisms, 
containing Zn"F“,SiF', permanent in the air, and very soluble uiwnlor. (Berzelius.) 

SII.ICOU, HYDRIBH OP. SiH (?) Stlicio Hydndc, Hydrw Silicide, Si/tci- 
uretted Hydrogen CiYohler and Buff, Ann. Ch Pharin cii. 128, eiii. 218 ; civ 91, 
OMI 112, Jahresb. I8S7, p 160, 1868, p. 142 )— Silicon forma with hydrogen a 
gaseous compound, wliioh is not known in the pure state, but is obtained, mixed with 
a large quantity of free hydrogen, when a wire or pLito of ulumiiiiuni containing 
silicon is connected with the positive pole of a voltaic battery (a Bunsen’s battery of 8 
to 12 cells), and made to decompose a solution of ehlorido of sodium The alumiiiiuui 
then diesolves as chloride, a eoiisiderahlo quantity of gas is evolved at its surt'aco, and 
many of the gas-bubbles, as they escape into the air, take fire siioulanooiialy, burning 
with a white light, and diffusing a white fume Tho formation of the silieiuretted 
hydrogen appears to be duo to .i secondary action accompanying the electrolysis of tlio 
saline solution The alummiuin forming the positive polo of (he battoiy eoinbiiics with 
tlio chlorine and dissolves , hut the quuiitity of aluminium removed is.ibout oiio-fourtli 
greater than that which is equivalent to the quantity of cliloriiio eliminated from the 
solution. This excess of aluminium is found to bo removed in tlio form of .iluimim, 
formed by tho combination of tho metal with oxygen derived from the water. The 
equivalent quantity of hydrogen is of course set fioo, aud part of it enters into combi- 
nation witli the silicon contained in the iiluinininm. 

Silicinretted hydrogen is likewise produced in the decomposition of certain moUlho 
Bihcides by hydroohloric acid, and by the action of heat on tho hydrates of silicon. 
The host nUoy for preparing it is a silieido of magnesium, obtained liy intimately 
mixing 40pts of fused chloride of ningnesiuni, 35pta. dried sihcofluoride of sodium, and 
10 pts fused chlonde of sodium, stirring the mixtuie in a warm dry tnbowitli 20 pts. of 
sodium in small fragments, throwing the whole into a red-hot hessian mieifile, winch 
is to be immediately covered, and heating it till tho vapours of sodiuin cease to burn. 
The greyish-black scoriiieoous mass thus produced eontnins, aeeoviling to Woliler, two 
silieideB of magnesium, one of which, when treated with hydrochlorie iieid nr >u)hitiuu 
of BiU-ammonuc, gives off silicinretted liydrogen, while the oilier yields nitli lijdivi- 
eliloric acid nothing hnt free liydrogen and hydrated oxide of silicon. 

VoL V. X 
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To obtain the gna, tho coarsely pulverised mass is introduced into a two-necked 
bottle, one tnbuluroof winch is flUed with a straight funnel- tube reaching to tlie bottom, 
while the other is provided with a gas-delivery-tuho Tho bottle is filled up with de- 
aerated water, and thodolivevy-tuho ismadotodip underwater in the pnoumiitic trough, 
caro being taken that nob a hubhlo of air shall remain either in tlie bottle or in the 
tube. Strong hydroclilorio acid is tlion poured in through the funnel- tube, and the 
gas, which IS rapidly evolved, is collected in a glass jar flllecl with do-aerated water 
The froth ■which passes over with it quickly subsides, bo that tho pure gas may be 
ti'ansferred into another receiver, and dried, if necessary, over chloride of calcium. 

Sihcinrotted hydrogen mixed with free hydrogen is a colourless gas, insoluble in 
pure du-aeratod water and in saltwater, but over water eontaming air it is deoom- 
po&ed, forming white clouds of silica, and losing its spoutnucous luflamniabihty If it 
1)6 passed into tho air m single bubbles, each bubble takes fire spont.anODiisly, and with 
e^lobion, burning with a wliito flame and separation of silica, which rises, m beautiful 
rings, often coloured brownish by adinixtm’o of amorphous silicon Wlicn sot on fire, 
as It issues from a tube, it bums with a brillmnt wliite flame On opening a glass 
,iar filled with it in the lur, it takes fire, tho flame gr.iiluttUy passing down tho jai', the 
inner stirfiice of which becomes coatod with blown silicon. 

The gas, when heated by itself, is decomposed into amorphous silicon and free hy- 
drogen, and at the same time increases in volume, showing that tho hydi'ogon in the 
compound is in a condensed shite It lias not been analysed quantitatively, A 
piece of poreoluiii introduced into the flume becomes coated with broivu silicon, 
unci, on passing the gas tlnwigh n glass tube heated to low redness, tho interior 
becomes eoatoilwitli a d.irk-brown opaque mirror. The gas is easily decomposed by ohlo- 
nne. It is not altered by dilute liydiochloric or enlpliurie acids. 'When shaken up witi. 
potasli-ley, it is decomposed intli increase of volume , soda and ammonia do not appear 
to act upon it. Pioni a solution of cupric sulphate, siliemrotted hydrogen imme- 
diately precipitates silicide of copper (p 265) , from nitrate of silver iL throws down 
grey meUdlio silver mi.xod with a black substance, probably sihoide of silver , from 
chloride of paEaduim it throws down black-grey metallic palladium, fiiae from sihoon. 
It does not precipitate acetate of lead or chloride of platinum. 

SIIiICOBr, ZOSIBBS OP. The iodide of silicon, oorraspondine to the tetra- 
elilortde, has not been obtained silicon does not unite directly with iodine. 

Iodide of Sdtoon and Hydrogen, Si*H'I'”, is obtained, like the corresponding chlorine 
and bromine compounds (pp 267, 268), by pussing hydriodic acid gas over heated crys- 
tidline silicon, anci collects nl, the colder on’ ' ' ' ' ’ark-red brittle 

muss, whiohfnsBS readily, and solidifies in At a stronger 

heat it boils, and distils without decompos air, assuming 

at first a bright vermilhon colour, but ultimately becoming snow-white, in water it 
immediately becomes vermillion-colourod, hut is only slowly dWompoaed Sulphide 
of carhon dissolves it in largo quantity, forming a blood-red solution, which, when 
concentrated in a retort, deposits the compound on cooling m dark-red crystals 
Caustic soda-solution dissolves It, with evolution of hydrogen. CWohlar and Buff, 
Ann Oh. Pharm civ 99 ) 

aillCOW, WITRIDB OP. (Beville and Wohlor, Ann Ch Pharm civ. 
256 , ex 248 ) — Obtained by the action of ammonia on silicic chloride, and by exposing 
crystalline silicon to an intense beat in nitrogen gas or atmospheric air Its composi- 
tion h.is not been ascertained. It is a white amorphous mass, infusible and unalterable 
at the highest temperatures, and not oxidised even by ignition in contact with the air. 
It IS not .acted on by any acid except hydroflaonc acid, wluoli dissolves it with forma- 
tion of silicofluoridc of ammonium AVIieii strongly ignited in a stream of aqueous 
vapour and carbonic anhydride, it is decomposed, yielding carbonate of ammonium , it 
like'wise decomposes slowly in moist air, as indicated by the odour of ammonia which it 
evolves Aqueous alk.ili3 do not actnpon it, hut when fused with hydrate of potassium, 
it forms silicate of potassium, with evolution of ammoTiia. When fused with carbonate 
of potassium, it yields siHeato and eynnata of potassium; also cyanide, if the nitride 
of silicon is in excess When heated with red oxide of lead, it reduces the lead with 
incaudesoeiice, and forms nitrons anhydride 

BZImICON, 03CXBBS AWB BVBRATBS OP. The only known anhydrous 
oxide of silicon is the dioxide or silica, SiO’, already described (p 240). There is, 
however, a compound of silicon, hydrogen, and oxygen, Si’H'O*, which may be sup- 
posed to contain the protoxide of silicon, SiO, and two others (p 275), which may bo 
formulated as hydrates of a teU-asilicie oxide— vis., Si’fl’O* = Si’O 2H-0 and 
8i’H"0* = Si'O 4H'>0 

«. Zmeone, Sim'0‘ = 3Si0 2H20. (AVohlor and Buff. Ann. Cli, Pharm. civ. 
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101, — ^Wohler, ibid, eixvii 257.) — Produced by the action of -water on the corro' 
spouding chlorine or bromine compound (pp 267, 268), also by the action of -water on 
cliryseone [infta) under the influence of light. The beat mode of preparing it is to heat 
cri stslline silicon to redness in a stream of chlorine, and pass the resulting vapour of sili- 
cohydrio chloride into -water It must bo -wasliod with ice-cold water, strongly pressed 
between filtering-paper, and dried over oil of vitriol. As thus obtained, it is a snow- 
white, bulky, araorjious substance, which floats on water, but sinks in ether; by the 
action of water on miryseone, it is obtained m laminm having the forili of the latter. It 
IS permanent at ordinary temperatures, and niajy be heated to 300° without alteration ; 
but when more strongly heated out of coiitact-with air, it gives off hydrogen, sometimes 
mixed with siliciuretted hydrogen. When heated m the air, or in oxygen gas, it glows 
with a bright light, and leaves sihea coloured brown by amorphons silicon, if the supply 
of oxygen is limited. It is slightly soluble in water, but the solution gradually decom- 
pobcs, gii-ing off hydrogen gas. Caustic alkalis, even ammonia, and alkaline carbo- 
nates, dissolve it, -with rapid evolution of hydrogen and formation of alkalma silicates. 
When recently prcpaied, it acts as a powerfid reducing agent, separating gold and 
palladium from the solutions of their chlorides, selenium and tellurium from solemous 
and tellurous acid, &e. In solution of silver-nitrate it immediately turns light- 
brown, and, on subseiiueut addition of ammonia, is converted into black sibcate of silver. 

0 Chr^seone, Si'K'O^ (?) Siltconc.* (Wohler, Ann Ch Phnim. cxxvii 257, 
Jahresb 1863, p. 206 ) — Produced by the action of strong hjrdi-ochloric acid on 
Bihcide of calouim (p 265) The finely divided silicide is digested with fuming 
hydrachlonc acid in a cooled vessel and in a dark place for several hours, till hydrogen 
is no longer evolved , the liquid is diluted with 6 or 8 volumes of water, and filtered ; 
and the -washed residue is dried over suliihurio acid in a vacuum, and m the dark If 
the hydroehlorio acid is not quite concentrated, the product is mixed with the folio-wing 
compound, y 

Chi-yseone forms bright orange-coloured laminse, which are paoudomovphs after the 
erystalliuo silieide ot calcium It is insoluble in water, alcohol, tatrnchlorido of silicon, 
triclilorido of phosphorus, and sulphide of cai-lion When heated it bocouiaa 
transiently darker, and at a higher temperature burns with a slight detonation and with 
BomtiUation, leaving silica coloured brown by amorphous silicon Wlion boated in a 
close vessel, it gives off hydrogen, likewise leaving silica and silicon. If mixed with 
the compound 7, it detonates even when heated in a tuho, and gives off spon- 
taneously inflammable siliciuvotted hydrogen Heated to 100°, by itself or with w.tli r, 
it slowly gives off hydrogen and becomes paler; heated to 190° with water, in a sealed 
tube, it is quickly and completely converted into laminar silica, while the tube eoiitains 
compressed hydrogen gas. In the dark it remains unaltered even when moist, in 
diffused daylight it becomes eontmually paler, and in direct sunshine, oven under water. 
It is quickly eonvertod into loucoiio, with evolution of hydrogen It is not attacked 
by chlorine, fuming uitno acid, or strong sulphuric acid, oven when heated With 
hydrofluoric acid it becomes hot, turns white, and finally dissolves By alkalis, even 
by voiy dilute ammonia, and more slowly by alkaline carbonates, it is converted, with 
rise of temperature and violent evolution of hydrogen, into silica. Li presence of 
alkali It reduces the salts of several metals. In the solution of a copper or silver-suit 
it qiuckly turns black , m chloride of gold, brown ; from ehlondo of palladium, oainio 
acid, and chloride of gold, on addition of alkali, it throws down black or violet-black 
powders, probably silicates containing lower oxides of tlioso raotals Prom a solution 
of le.id-oxide in soda-ley, it instantly precipitates the load ns a grey mass. 

The results of the analysis of chrysSono correspond partly with tho fonnula SrilHO*, 
partly with Si«H“0* According to tlie first formula, its fonuation from siheido of etil- 
eium may ha represented by tho equation 

2CaSft -I- 4HC1 + 3H’'0 = Si^H^O’ + 3W + 2CaCP. 

7 —This compound, containing 2H'0 more than tho preceding, is produced 

by the action of cold dilute hydrochloric acid on Silicide of calcium. It forms colour- 
less, transparent, nacreous lamimu, which, after washing and drying in a vacuum, take 
fire spontaneously in contact with the mr, and burn with flame, leaving brown 

SlXiICOIf, SEIiEnriSE OI*. The selenido of silicon, analogous to silica, is not 
known A silieohydric selenido, analogous to the oxygen-conipouiid last de- 
scribed, is produced by treating silicide of calcium with a mixture of salonious and 
hydrochloric acids It is a cinnabar-coloured substance, which smells of liydric salouKla 
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when dry, gires off hydrogen in contBct with ammonia, and when heated by itself 
-evolves hydric selenide and selenium, without explosion. (W ohl er.) 

SIXiICOIT, OP. Tlio disulphide, SiS=, is produced by the 

action of carbonic disulphide on silica at high temperatures, or more easily by pnssnig 
the vapour ot carbonic disulphide over a heated mixture of silica and carbon, pri pared 
by moulding a mixture of silica and lampblack with oil into balls and igniting thuu 
The anlphulo ot silicon is deposited m the colder parts of the tube, in long, win to, 
eilky, flexible, asbestiform needles, which may bo vohitilised in a stro.im ot gas lii 
contact with moist air, or when heated in aqueous vapour, it decomposes quickly iiilu 
siilpliydric acid and iiroorphoiis anhydrous silica, which remains in the form ot the 
sulphide. In water it dissolves completely, with evolution of siilpliydrio acid, and the 
solution, left to eviporiite in the air, deposits the silica as a traiisparont vitiooiis 
hydrate resembling opal. Alcohol and ether act upon sulphide of sUicon even in the 
cold, forming sulphmettod organic compounds It is not decomposed by heating in 
liydiogen gas. Nitne ocid decomposes it, with separation of sulphur, and formation of 
sulphiirio aeid and sihea. (Ifvdmy, Ann. Ch. Phys. [3] xxxvni. 314 ) 

Stiicohydrto Si*H“0“, analogous to the oxygcn-compoimd y, is pro- 

duced by the action of excess of aqueous sulphurous acid, mixed with a little hydro- 
•eliloric acid, ou silicido of colcuim, nucl separates in reddish-bi’owu kmiii®, while the 
liquid, winch IS brownish at first, suddenly becomes milky from separated sul\iluu', 
■Wiien dried in a vacuum and freed from sulphur by sulphide of carbon, it forms a light- 
brown powder with a greenish tingo. It smells persistently of siilpliydrio acid, bums 
like gunpowder w'hon boated in the air, and explodes violently when heated in a tube, 
withincandtscenee nnd evolution of sulphydiie acid 'When cautiously boated it gives 
-off Bulphydrio acid, nud the residue, which is no longer explosive, evolves more sulpliy- 
di'io acid in contact with water With ammonia it rapidly gives off hydrogen, and is 
eonTmited into n white mixture of sdioa and sulphur. (Wohler) 

SIZ.ICOK, Snx.PBOCKl^oainsi OF, Si"S‘Cl»? (Pierre, Ann Ch Pharm. 
Ixix 73.) — Obtained by passing a mixture of silicic chloride vapour and perfectly 
icli'y sulphydric acid gss through a red-hot porcelain tube, ooUeoting the product 
in a cooled tT-tube, leaving the liquid to clarify, then distilling it, and collecting 
up.irt that which passes over botwoon 90° and 100° It is a colourless, transparent, 
-mobile liquid, having a pungent odour, boiling at 100°, nnd distilling witboiit residue. 
■Specific p'livity' = 1 t5 It is decomposed by water, yielding sulphydric and hydro- 
chlorio acids, silica, and free sulphur 

SIliXCON, TEUXinamss op. a siUcohydric tellurida, analogous to 
the sulphur-compound above described, is produced treating silioide of calcium -with 
a dilute solution of tellurous acid in hydrochloric acid. It is a groyish-blnok powder, 
inodorous after drying. When heated it gives off hydrogen and tellurium, without 
explosion, and leaves a shining black residue, probably telluride of silicon which 
when treated with ammonia or soda-ley, gives off hydrogen and forms a piupile-red 
solution of alkahue tellnrids (Wohler.) 

sxXiiQUA Dxri.cxe) the so-called St. John’s-bread, consists of the pods of' Cera- 
toma Siltqtia (L.), a tree indigenous m the South of Euiope and ths Levant The 
kernels are enveloped in a sweet mnrrow-like substance, which has been analysed by 
Keinscli (Jahrb. pr Pharm. v. 201) and Mercer (Pharm. J. Trans. 1857, p 469;, 
with the following results .— 


Glucose 41 2 47 5 

AJbnnun ..... 20'8 3 2 

Mucus 4’7 

Gum 10'4 

Pectin 7'2 

Tannin , . . , 2 0 

Pibrm 6'2 and starch 21'6 

Water . ... 120 21'0 

Chlorophyll, Oil, Starch, and Ash 2-0 2'0 


By fermenting the pods, Mower obtained a quantity of brandy, amounting to one- 
fourth of their weight Ecdtenbacher found bntyne acid in the pods Eeinseli found, 
in 160 pts. of the kernels, 8 pts starch, 2 sugar, 1-6 fatty oil, together with albumin, 
fibrin, wax, colouring matter, woody fibre, and other substances 
SlIiK. The ■fibrous substance m which the silkworm (the larva of Phalana Somht/x 
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Mori) envelopes itself piw;oiiBto passing into tlio chrysalis state. These insects possess 
a glandular apparatus called the Senctermm, serving for tlio secretion of a peculiar 
juice, which is discharged m flue threads, through two small apertures near the lower 
lip, and quioWy solidifies in contact with the air. The solidified fibre consists of a 
thread of serioin or fibroin (ii. 646 , V 235 J, coated with a yellowish waxy sub- 
stance, the removal sf which oonstitulos an important part of the process of silk-dyoing 
(i 603; ii 352) 

Silk may be distinguished from cotton and linen ; — 1. By its reaction with a concen- 
trated ammomacal solution of nicJcel-oxide, which dissolves it completely, forming a 
brownish-yellow solution, not precipitated by alkahno salts, sugar, or gum , acids, 
however, precipitate the silk completely in colourless flocks Cotton, linen, and other 
forms of cellulose, on the contrary, are not altered even by several days’ immersion in 
the nickel solution Silk likewise dissolves in a concentrated ammoniacal solution of 
cupno oade, and is but incompletely or not at all precipitated therefrom by alkali-salts, 
sugar, gum, or acids ■ cellulose, on the other hand, is completely precipitated from the 
Slime solution by these reagents (Sehlossberger, Ann Ch Pharm evil. 21). — 2 By 
immersing the fabric, for a few mmutos, in a somewhat dUnto solution of picric amd 
and then washing it carefully with water. Silk and other animal fibres are thereby 
tamed yellow, whereas vegetable fibres remam white (Pohl, Wien, AkaA Ber. ix 
386). Strong mine acid also turns animal fibres yellow, and does not produce that 
effect on vegetable fibres.— S, A solution of stannic chloride heated to 130®— 160° 
turns linen and cotton black, but does not alter the colour of silk or wool. This 
testis of course applicable only to light-coloured falirios (Maumend, Compt rend.sxx. 
447) — On the silk manufacture, see Urds Dictionary of Arts, &c., lii. 654. 

SIZiljlMAlVITZi. A silicate of aluminium, APO'BiC’, identical in composition 
with oyanite and andalusite, occurring in veins in the gneiss of Saybrook, in Cbesler 
County, Connecticut, also at Fairfield, in New York. It forms tricliuio crystals, 
usually indistinct, but cleaving perfectly parallel to the macrodiagonal ; occurs also 
compact 01 loose, fibrous and columnar massive It is brown, yellowish-grey, or 
colonrlesB, with waxy lustre, vitreous ou the clcavage-fnces Transparent to tramslu- 
eent on tbs edges only. Brittle. Hardness = 6—7. Specific gravity = 3 2—3 3. 
Infusible before the blowpipe. Insoluble in acids (Dana, ii 265) For analyses see 
SlLICATlJS (p. 255). 

Bmholmtc, from Chester County, Pennsylvania, and other locnlitios in the Hiutod. 
States, and Fibrohie, from the Carnatic, are fibrous varieties of sillimanite, of greyish, 
whitish, and pale-brown colour, with lustre approaching to adamantine. 

SII.VSK. Argent, Silber. Symbol, Ag; Atomic weight, 108. 

This metal is remarkable for its whiteness , hence its Greek name Hpyupos from 
ipyos, white, It 13 harder than gold and softer than copper. Its lustre, when polished, 
IS nearly as great as that of steel. Its malleability is inferior only to that of gold 
among the heavy metals ; it maybe hammered into extremely thin aheet or siliier-leaf, 
which is not more than 155553 thick. It is also highly ductile^ and may bo 

drawn into very fine wire, 400 feet of winch weigh only one gram. By Immmenug 
and drawing, however, it readily becomes brittle, and requires to bo more frequently 
annealed in working than gold does. 

Sliver has great tenacity, a wire two millimetres (0 0787 inch) in diameter being 
capable of supporting a load of nearly 86 kilogrammes (187 lbs ), tliat being the 
breaking weight. (See Baudrimont, Ann. Ch. Pbys [3] xxx, 304.) 

The specific gravity of silver is 10 6, after being molted (G Eose ) Its density 
IS increased to 10'57 by the coining process. The apecifio gravity of the finely divided 
metal, obtained by precipitation, is 10 62 

Silver crystallises in forms belonging to the regular system, generally m cubes, 
sometimes with faces of the octahedron 

The conductivity of silver for electricity and heat is greater than that of any other 
metal, (See ELEOTBioiry, li 466 , Meiaxs lii 936 , and ««ite, p. 71) It decreases with 
the temperature. (See Wiedemann and Franz, Pogg. Ann. Ixxxix 407; Buff, 
Jahresb, 1847, p. 286; Becquexel, Ann. Ch. Phys. [3] xvii 242; Langsdorff. 
Ann. Ch. Pharm, Ixxxv 166; Matthicsen, Pdgg. Ann. ciii. 428, Benedict, 
Wien. Akad. Ber. xxv. 690, Jacobi, Petereb Acad. Bull xvn. 321, Arndtson, 
Pogg. Ann. civ 1 ; Clausius, ibid. p. 660). The specific heat of silver is 0 06701 
(Regnault); 0 06607 (Dulong and Petit) 'The latent heat effusion is 21'07 
(Person, Ann. Ch Phys. [3] xxiv. 266). Silver melts at a white heat, the tem- 
perature of fusion has been estimated at 1000° (Pouillet), 999° (Prinsop), and 
1034° (Guyton Morveau) The melted metal gives off vapour to some oxtenl at 
very lugh temperatures (Lampadius, J. pr. Ghom. xvi. 204 ; Despretz, Comptee 
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rend, livili, 362). The metal is volatilised more readily m the presence of arsenical 
and other vapours than when heated alone 

Silver does not combine with oxygen at the ordinary temperature, or, under ordinary 
circumstances, when heated m contact with atmosphone air. When the metal is 
melted upon ignited charcoal under a jet of oxygen, it burns with a conical flame, 
yellow below, purple at the middle, and blue above, while vapours of silver oxide ai'e 
produced (Vanquolin) Silver is also oxidised under the mfluence of the electno 
spai'lc ; and when pulverulent, it is converted into peroxide by ozonised oxygen 
(Scbonbein). When silver is melted in contact with alkaline or earthy silicatce, it is 
oxidised to some extent and dissolved by the melted silicate This is also the case 
when the finely divided metal is ignited witli cupno oxide, orwith arsenic or antimony, 
in the former cobo, euprons oxide is formed, in the latter case, the ailver-oxido com- 
bines with some arsenio or antimonic acid, and tho more minutely the silver is divided 
the more readily does this oxidation take place. It is probable that silver is also 
oxidised to some extent in cupellntion, and that the lose of silver experienced m that 
operation is mamly dne to oxidation, the silver-oxide being in part volatilised, together 
with the lead fumes, and in port dissolved by the melted lead-oxide, and absorbed by 
the cupel 

Silver undergoes no change when heated in contact with melted alkaline nitrates or 
caustic alkalis, and for this reason silver crucibles are very useful in chemical opera- 
tions with those substances which react with platinum under similar conditions 

Whan silver is kept melted for some time, at a high temperature, in contact with 
atmospheric air, it absorbs oxygen gas, and bolds it in solution until just before the metal 
begins to solidify on cooling The gus is then suddenly disengaged with effervesccnoe, 
and particles of tlie metal are liable to he spirted or projected out of the crucible. 
The presence of a BmiiU amount of copper in the melted metal prevents the 
absorption of oxygen. Silver is capable of dissolving in tins way 22 times its volume 
of oxygen 

Silver combines readily with sulphur, sslmium, phosphorus, and arsenic. It de- 
composes sulphuietted hydrogen even at the ordinary temperature, and the surface of 
the metal becomes covered with a brown or black film of silver-snlphide The dis- 
coloration of silver ntensile and ornaments by exposure to the atmosphere generally 
consists in the formation of such a film of sulpliido or, in some instances, of phosphide 
Such stains may bo removed by moistening the surface with a solution of alkaline 
cyanide and then washing weU with water When the discoloration is very consider- 
able, it may he removed by immersing tho metal in a boihng saturated solution of 
borax or strong caustic alkali, and placing a plate of xmc in contact with it for some 
time (Bottger, Dingl, polyt. Jouin cxliu 464). When heat can he applied to 
the discoloured metal, the silver-sulphide may be decomposed by heating it to redness. 
The best mode of preventing such discoloration of silver articles when not in use, is to 
wrap them in paper coated with white lead 

Chlonnc, bromine, and iodine combine with silver, even at the ordinaiy temperature. 
HydrocMorio aoid in solution bus but little action on metalhc silver, unless it be heated 
to tho boiling-point with the very finely divided metul , the gas is decomposed by silver 
at a red heat, silvor-cliloride being formed Under similar conditions tho vapours or 
other chlorides are decomposed by metallic silver Sodnim-cMonde ignited with pre- 
cipitated silver IS decomposed, and tho silver almost entirely converted into chlorido , 
but when the metal is in large pieces, the formation of silver-olilorido is merely super- 
ficial, unless the salt is melted, and, by the consequent solution of the chloride, a fresh 
surface becomes exposed Silver koptmeltedundersodium-ohloride.gi'aduaUydeoreuaes 
in weight, owing to the formation of silver-chloride, and in two or three houi’S the loss 
may amount to 2 or S per cent (G Eose). If alk^ine carbonate he mixed with the 
sodium-chloride, this reaction is prevented Aqueous solutions of alkaline chlorides 
gradually react with silver, producing silver chloride, which dissolves in tho form of 
u. doublo eliloride. Solutions of ouprw ohlonde und oUier ohlorides convert silver 
into chloride 

Dilute sulphurio acid does not react with silver, hut strong sulphuric acid is decom- 
posed when heated withit, yielding silver-sulphate and sulphurous acid gas. Nitnoaad 
reacts with silver, oven at tho ordinary tomperaturo, dissolving it and yielding silver 
nitrate and nitiic oxide It is the host solvent of silver 

The saline compounds of silver are mostly colourless, except when the electro-negative 
constituent they contain is coloured Both the soluble and insoluble compounds of this 
metal are blackened by sunlight and decomposed, some silver being reduced. Most 
silvei compounds are decomposed, with reduction of the metal, by the action of heat 

Occurrence — Silver occurs both in tho metaUie state, and in combination, chiefly 
with sulphur, also with chlorine, other metals, &e Ores of other metals frequently 
contain edvor (Malaguti and Durochor, Compt. rend, xxix, 680 , Ann. Mm. 
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[4] STU. 2iS). It has also been detocted ui Beo-'water. (Anti. C!l Pbys, [3] xxi ii 

Native Silver a somotimes erystaUiBed m cubes, octahedrons, and related forms; 
Bomotimos in laminated or fllamontous masses, and sometimes very minutely dissemi- 
nated thi'Dughout other minerals. It is very rarely pure, containing either gold, copper, 
or other metals 

Siivei-iulphide occurs as silver-glance, sometimes crystallised, hut more frequently 
inassivo It lys a dark lead-grey colour, and may be cut with a knife Its speoiflc 
gravity is 7 196 It contains 87 per cent silver SiU rr-sulphide also occurs in com- 
bination with various other metallic sulphides, constituting a great number of minerals, 
111 winch the amount of silver varies from 10 to upwards of 60 per cent. 

Silver-clilurule uccurs as horn-silver, both massive and earthy , somotimcB cry stallisod. 
It has a pearl-grey colour, sometimes passing into lavender, it is translucent, and very- 
soft. Its specific granty is 6 652 

Amoug the other hdver-compouuds which occur as muicrals, the iodide, bromide, 
scknide, tcUuride, antimomde, aisemde, and merctiride are met wilh less abundantly. 

Silvei -ores occur almost exclusivelyinlodes traversing gneiss, mica-schist, grauwaeke, 
clayslato, &o They consist chiefly of metallic silver, silvei -sulphide, and its various 
compounds (silver-chloride, arscuuie, and antimonido), associated with lend and copper 
ores, blende, pyntes, spathic iron, brown hmmatite, earthy carbonates, heavy spar, 
quartz, &o 

Besides what may ho properly called silver-ores, galena and the different 
varieties of grey copper-ore [cuiore gris, /iiAtea), often contain such an amount of 
silver, that, from the greater value of this metal, they must be regarded as ores of 
siher as mucli as, or even more than, lead or copper Such ores freqneutly contain, 
111 the ton, from 2 to 10 ounces of silver, sometimes upwards of 100 ounces Pyiitic 
and earthy minerals also frequently contam a small amount of silver, sufficient to 
render its extraction piofllahlo 

Preparation — Puio silver is best •obtained by decomposing the chloride, the in- 
solubility of which admits of other metals being en.sily separated from it by washing 
with dilute sold and water One of the most oonveuient methods is to cover the 
moist freshly precipitated chloride with dilute sulphuric or hydrochloric acid, and then 
tu place upon it pieces of sheet sine or non, leaving the whole at rest until tlie silver 
IB reduood to the metallic state. With snuc the reaction is ropreseuted by the 
equation . 

2AgQl 4 Zn = ZnCP + Ag. 

When the reduction is complete, the spongy silver should be thoroughly washed 
with dilute acid and hoihng water, then dried, and molted with sufficient alkaline car- 
bonate to cover the surface of the metal, and prevent contact w ith atmospheric air The 
chloride may be mixed with about 70 per cent of chalk and 4 per cent, of carbon, and 
gradually boated to a sufficient tempefratnre for melting the reduced metal 


PliODXIOTION OP SrUVEIl OK THE IJ.BQE BOAM. 

Although silver-compounds are generally docomposihlo without difficulty by heat, 
with reduction of the metal, the extraction of this metal from its ores is not by any 
means so simple a matter as might be expected. This is chiefly owiug to the circum- 
stance that argentifarou.s rainer.ils, and even native silver itself, often occur minutely 
disseminated throughout a matrix of earthy minerals, or intimately mixed with com- 
pounds of other metals 

Very rich silver-ores, containing from 90 to 60 per cent of silver, may be smelted 
in crucibles with lead or lithiii-ge, and proper fluxes for converting the purtliy 
admixtures into slag Ores containing 40 per cent, and less may bo smelted with 
granulated lead, litharge, or lead-ores in a small blast-fumaee, ur m a> reverberatory 
furnace with a concave health forming a kind of crucible. Metallic iron is sometimes 
added when the ore contains sulphides. This method is practised to some extent in 
California and Hevadii. 

Uich silver-ores are sometimes .smelted by adding them in small successive portions 
to lead which is undergoing cnpellation. 

Poor argentiferous ores which do not contain any lai'ge amount of other easily 
reducible metals, are smelted with iron pyrites so as to obtain a matt, consisting chiefly 
of iron-siilphide with some copper- and lead-snlphides, and containing from 40 to 60 
ounces of silver m the ton. Such ores often contam pyntes • if they contain too much 
they must bo partially roasted, and earthy ores require pyrites to be added. Tho 
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priiporfion of pjTites should be such tliat the matt produced may amount to from 30 
to 50 per cent of the oro. The following table gives the composition of several pro- 
ducts of this kind • — 


Composition of Argentiferous Matts. 


Ana.r.t. . 

Hattncr 


Cor 

rad. 


FrltzBcho. 

Iron . 
Lpad . 

Sr: 

Sliver . 
Nickel . 

Arsenic 

Sulphur 




67 333 

8 803 

3 273 
1-381 
0-161 
0-515 

0- 194 

1- 243 
26 487 

61-268 

6 828 

6 428 

3 633 

0 086 

1 101 
0-274 

0 387 
27-042 

67-781 

4 990 

2 818 
0-086 
1-312 

0 2*40 
26 702 

61-041 

3 660 

3 326 

0 667 
0-066 
0-624 

1 0-683 
’ 27-852 

66-610 

6 489 

6 587 

4 774 
0-200 

0 625 

0-032 

22 489 

2 666 

65 620 

6 460 

4 000 

3 000 
0-117 

19-963 


Fig. 741. 


The silver is afterwaids extracted from tliese matts by another operation. 

Lead-ores containing silver are smelted in the usual m.iuner (sea Lhati, lii 481 — 620), 
and the silver is separated from the lead, either by cupellation, or by ono of the other 
methods already described under the head of Lkad 

/>. .ji ths sume way as other copper-ores (see 

Co I ' ' either from the matt or from tlie regtdus 

by 

6<piiratiun of Sduirfrom Copper by Etiquatian {ligmtion; Saigerung) —This metliod 
lb b.isod upon tho fact thnt when argontiterous copper is melted with rather more than 
tluee times its weight of load, the silver unites with the lead, and this alloy separates 
from the copper when tho melted nietal is gradually cooled. In practice the melted 
metal is cast into disc-shaped iniiases, about 2 feet diameter and 3 inches thick, m non 
moulds so as to cool it rapidly A number of these cakes are placed side by side on 
their edges in tho eliq nation-hearth (pire de hquation, Saigetlmid), fig 744, which has 
two long cast ironpl.ites 
fixed above the open 
space M, and at a little 
distance apart. The 
cakes of metal are laid 
upon these plate.s, co- 
vered with iron plates 
(FL) and charcoal, and 
) Wtod for some time to 
j themeltingpoiutoflead. 
I Tho alloy of lead and 
g silver 18 thus melted, 
gradually flows 
away through the open- 
ing between tbe plates 
from the copper, wbieh 
requires a much higher 
temperature for melting, and remains behind as a porous mass The argentiferous 
lead falls into a gutter (a) on the floor of the open space M, and collects in tho 
well c. It is afterwards submitted to cupellation to separate tho silver. 

Tbe amount of silver m the copper to n-- ..i.-j . 

:s per ton, n ' 
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This method is very imperfect, since the copper always retains from 10 to 20 per 
cent, of silver, and a number of byc-products are formed containing lead, copper and 
silver, which require further treatment. 


Extraction of Silver by Amaigamaiion. 

The extraction of silver from its ores and from argentiferous products of other 
metalluigicul operations, is very frcqiienliy effected by a method based upon the easy 
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Bfiliiljility of silver in merpury. Thu method was invented in Mexico hy Barthoio- 
nieo do Medina about the year 1667 , and being apeoially suited to. that country, by 
reason of its requiring very little fuel, it soon came into general use, and is now exteii- 
aiicly practised, with various modifications and improvements, in all the ailver-prgdueing 
countries of the Western Continent 

Tile .iinalgamation of silver-ores differs from the amalgamation of gold-ores, whtcli 
contain gold in the metallic state, in requiring a preliminary treatment of the ores for 
the purpose of bringing the silver they contain into such a condition that it can be 
dissolved hy mercury. Silver ores contain not only metallic silver, but siher-snlphide 
and other compounds which are not acted upon by mercury. Silver-chlonde, however, 
is decomposed by mercury with formation of mereurons chloride: 

AgCl + Hg = HgCl + Ag. 

Consequently the first step in the operation is to convert all the silver-compounds 
into chloride. 

1. Mexican inethoU . — ^In the treatment of silver-ores by this method, silver-chloride 
IS produced lu the wot way by the reaction of cupric and ferric or ferrous salts with 
silver-sulphids, in the presence of Bodmm-chloride m excess The precise nature of 
the reactions which taho place is not well understood. 'When silver-sidphide is digested 
with solution of cupric or ferric chloride, no reaction takes place , but when it is mixed 
With ouprio sulphate or ferrous sulphate and sodium-chlonde in tlie moist state, some 
bilver-ohloride is foimed after a time (Karston) A solution of cupric chloride with 
excess of sodnim-oliloride, digested with silver-sulphide for some days at the ordinary 
temperatui'e, is gradually decolorised, and the products of the reaction are cupric 
siilphido with silver-chlonde and enprons chloride, which are partly dissolved hy the 
excess of sodium-chloride Sulphur is also said to he separated (Bou 88 ingault). In 
this case the reaction is probably as follows . 

018 216 » 648 128 128 „ 82 

SAg'S -e 4CuCl* - 6AgCl + 2CuCl + 2CuS + S. 

The cuprous clilorids produced would, in the presence of sodium-chloride, be capable 
of converting a tether quantity of silver-sulphide into chloride as follows, being itsolf 
converted into cuprous sulphide • 

210 128 210 128 
Ag“S -s 2CuCl = 2^igCl -I- Cu'S. 

The production of cuprous chloride may also ho determined hy the presence of 
metallio silver in the ore by the following reaction 

eJiOP + Ag = AgCl + CuCl. 

Heat facilitates the production of chlondo, and tlie silver-sulphids is more readily 
converted into chloride when it is combined with anbmonial sulphide. 

In order to submit the ores to this preliminary treatment, they are ground very fine 
tpith water in a mill resembling a porcelain mill The sludgy mnss is laid out on a 
paved floor in heaps called tarta or ‘numtone, upon which from 1 to 8 por cent of 
common salt is sprinkled, and the whole well stirred together either with shovels or 
hy treading under the feet of mules Some days afterwards it is mixed with from 0'8 
to 1 per cent, of maqistral, consisting essentially of cupric and feiTOus or feme 
sulphates, and prepared by roasting cuprous pyrites. SometinieB roasted irou-pyrites 
is used, but a magistral containing copper is preferred. At tliis stage of tlie process 
ciiemioal action takes place ; part of tlie sodium-ohloride, reacting with the sulphates 
of the magistral, yields ■sodium-sulphate, with cupric and .ferric or ferrous chlorides, 
winch give rise to the formation of silvcr-chlorida as above described 

the decomposition of the silvor-chlondo is effected by moans of mercury. The 
quantity employed for this purpose and for tlie actual amalgamation of the silver 
generally amounts to about six times the weight of the silver in the oro It is added 
111 three equal portions at intervals of 16 or 20 dnys, and is thoroughly incorporated 
with the mass of ore The day after the first portion of mercury has been added, the 
mass IS tested by washing a portion of it with water, to nseertaiii from the appearance 
of the amalgam whether ihe process is going on properly It is essential to the 
suceesa of the operation that there should not he any cupric chloride remaining whon 
the mercury is added to the heap, because the reaction which would take place hetweeii 
It and the mercury, resulting in production of nieieurous chloride, would unnecessarily 
augment the waste of mercui-y If the mercury appears very grey and much sub- 
divided, too much magistral has been used, and consequently the mass contains a 
large amount of mercurous chloride m. that case chalk is added. If, on the contrary, the 
mercury is very brilliant and liquid, there is not enough magistral, and more has to bo 
added. When the mercury separated in the test presents a slightly grey dull iippenranee, 
and runs together rapidly whan separated into globules, the procoss is going on well. 
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About fifteen days after the first portion of merEm'y has been added, it will have 
combuiod with enough silver to form a pasty amalgam; then a further quantity is 
added, and after another interval of rest, tlie Uiird portion is added This operation 
lasts altogether two or three months, according to the natiu’e of tlie ore, the tempera- 
ture, &c. If the amalgam is pasty at the end of the operation, a further quantity of 
niorouvy is added to liquefy it, and the whole mass is washed with water in large 
wooden vats fitted with paddles on vertical shafts, Tho amalgam thus separated is 
pressed in sacks to strain off excess of moreuiy, and then distilled. 

At some places this method of treatment is practised withont tho use of magistral, 
and merely with salt and merenry. In those instances it is probable that the ores 
contain sidficiont sulphides for the production of cupnc or ferrous sulphates by the 
action of atmospheric oxygen during the mechaniciil preparation of tha ore. 

The ores worked m this way in South America and Mexico are generally sorted, so 
as to contain from 20 to 40 ounces of silver to the ton, tho richer parts being picked 
out and smelted. 

The consumption of mercury in decomposing silver-cliloride, and the waste attending 
the several operations, are said to amount, m the Mexican method, to about twice the 
weight of the silver obtained. It has been proposed to recover the mercury left m the 
washed residue as mercurous chloride hy treating it with hypochlorite of calcium or 
nitrate of sodinm, and then adding excess of hydroehloine acid so as to convert the 
raereurouB chloride into mercune cUoride, which could he washed out, and tho mercury 
prscipitated hy copper, while tho solution of cupnc chloride thus obtained would serve 
in the place of magistral for subsequent woikiug. 

Siiioe the decomposition of silror-chlovide may be effected in tho wot way by contact 
with other metals besides mercury, tlie consumption of merenry in tliat way might be 
prevented With this object De Lecca proposed, in 1586, lo modify the treatment hy 
usm^ iron plates together with the mercury, hut this suggestion was httle regarded at 
the time 

Itur the amalgamation of rich ores, Alonso Barba devised a method with the 
same object, which consisted in grinding the ores in copper pans with successive 
additions of aalt, magistial, and mercury. The silver-chloride heing in this case 
decomposed by copper, less mercury was requisite; but the oitrattion of the silver 
was mcompleto. 

2 European AmalgmiaUon . — The method of extracting silver from its ores by means 
of mercury was made known in Europe about the midme of the seventeenth century, 
and Barba’s modification of it was tho starting-point from winch :t came to be 
adopted. The first attempts to work silvor-ores by amalgamation were made in the 
Austrian States by v Born, and after successive improvements, works were also erected 
at Ereiberg, Neuaolil, and other places on the Continent, whore it was extensively 
practised. 

The principal points of difference from the Mexican method are ■ — 1, The conversion 
of tho silver-eompounda in the ore into chloride hy treatment m the diy way by 
roasting with salt; 2. The decomposition of the silvcr-chloride by copper or iron 
instead of mercury. 

The silver ores which are treated by amalgamation in Saxony contain silver-sulpbide 
combuiod or mixed with arsenical and nntimomal sulphides, pyrites, blende, &o. 
Both rich and poor ores can be worked by this method with equal advantage , but 
since the proportion of salt and mercnrjr to he used would depend upon the amount of 
silver in the ores, and since this vanes from 20 to 600 oimces per ton, tha ore is 
sorted, so that tha mass to bo operated upon may contain from 60 to 70 ounces of 
Sliver per ton, and a umform mode of treatment may he adopted. 

It is necessary that the ore should contain sulphides m sufflcient amount to produce 
the requisite chemical reactions during the roasting, and to ascertain whether this is 
the ease, a portion is melted with glass, borax, and rosin in an assay-enicible under a 
cover of sodram-chlondo It should yield about 30 per cent of matt Whon there is 
a deficiency of sulphides, iron-pyrites or ferrous sidphate is to be mixed with the ore. 

In the preparatory treatment. Me finely-ground ore is roasted with 10 or 12 per cent, 
of common salt in a reverberatory furnace. Tlie charge is put into the furnace moist, 
gently Jieated at first, and stirred continually until it is dry, so as to prevent its 
ealcing, itia tlien juked up into a heap along the hearth, and after the krnps have 
been broken, it is spread out evenly, and stirred about while the heat is being increased 
to redness This stage of the operation {Anfeam) generally oooupies about two 
hours. Meanwhile steam, and some vapours of arsenic and antimony are given off. 
As the tomperatiwB rises to redness, the sulphides begin to be decomposed by reacting 
with atmospheiic oxygen, and tlien the combustion of the sulphur generates so much 
heat that no fresh fnel is required to keep up tho temperdliire during tins stage of the 
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prooPSB (Absdiwefeln), wliich also lasts about two hours. The diBeiigagement of 
sulphurous acid, together with arsenic and autimomal Tapottrs, causes the mass to 
become pulverulent and porous, and when it ceases the temperaturo begins to fall. 
The heat is then raised considerably, for the purpose of decomposing the sulphates 
which have been produced. A fresh evolution of sulphurous acid together with 
chloride-vnpoui's then begins, causing the mass to swell up. During this stage of the 
process ( Gutrosten) the sulphates react with part of the sodium-chloride, yielding 
sodium-sulphate, ferrio chloride, &e , while some hydrochloric acid and chlorine are 
disengaged, and the silver is converted into chloride. Caro must be taken not to 
continue this part of the operation too long, since the sdvor-ohloride might be 
melted or decomposed, and thus the efficiency of the subsequent operations would he 
interfered with, and the yield of silver consequently reduced. After about an hour, 
the ehai-ge is drawn from the hearth. It then contains, besides various omdes and the 
earthy ingredients of the ore, sdver-chlonde, cupric and ferric chlorides and sulphates, 
sodium-chloride and sodium-sulphate, and some unaltered sulpludes 

During the roasting, the charge loees about 10 per cent by weight, and some silver is 
carried away in the vapour given off, for which reason the smoke is passed through 
soot-oh.imber3 and condensers The flue-dust thus deposited contains unaltered par- 
ticles of ore, with carbon, vaiious saline substances, and about 30 or 40 ounces of silver 
per ton. This silver is often in the state of antimoniate, a salt which is always 
produced when ai-gentiferoua and antimomal minerals are roasted together (Plattner). 
The formation of this salt causes a further loss of silver, from the fact that it is not 
convertible into chloride by means of chlorine, but only by hydiochlorio acid. 

The roasted ore is screened and sifted from the lumps, which are ground and 
raasted again with salt The fine powder is ground in a miU, and passed through a 
bolting-cloth to reduce it to an extremely fine state of division. ^ This mechanical 
treatment is of groat importance for the perfect sopaiatiou of the silver by treatment 
with mercury. 

The decomposition of the silver-chloride {Anqnwkm) 's generally effected by stirring 
the roasted ore with water and iron or copper in strong wooden casks mounted horizon- 
tally m a framowoik, and made to revolve by machinery 
210 m 108 64 

2AgCl + Fe = Fe”CF + Ag ; or AgCl -I- Cu = CuCl + Ag. 

Tins reaction is greatly facihtated by the presence of an acid, and when two metals 
act simultaneously, it takes place more rapidly than when only one is present. In this 
case the more electro-positive metal is converted into chlorine by the reduction of tho 
sill or Thus when copper and mercury are used together, mercurous oliloride only is 
produced "With iron and mercury, on the contrary, only ferrous chlorido is produced, 
together with silver-amalgam. 

The stuiing with metallic iron or copper haa also the effect of converting ferrio 
chloride into ferrous chloride. Cupric chloride is decomposed in the same way, and 
unnecessary production of mercurous chloride is thus prevented 

Tlie quantity of iron consumed in this process is more than equivalent to the silvor- 
ohlorido decomposed, and amounts to ahoiit 60 per cent, of tho silver obtained ' tho 
?xccss being partly due to the solvent action of salts in the roasted ore, and partly to 
tho precipitation of other motals besides silver. 

Wbeu copper is used instead of iron, a much purer amalgam is obtained, hut copper 
acts more slowly, aud oven when used in large proportion, it is not so effective as non 
in extracting the silver. 

Tho decomposition of silver-chloride by either iron or copper is also much facilitated 
by the presoiico of alkaline chlorides, especially when the solution is strong. This is 
most probably owing to the solubility of silvcr-chlorido m aiich solutions, and to the 
consequently increased chemical action. This silvor-chloride is reduced more rapidly 
by mercury, in tho presence of a concentrated solution of alkaline chloride, than it is by 
either iron or ziuo alone 

After this operation has been completed, and the silver has been reduced to the 
metaUio state, a quantity of mereuiy, equal to about half the weight of the rousted ore, 
is put into each cask, and the stirring is continued again for about twenty hours 
During this operation the contents of cask are examined from time to time, to 
ascertain whether the proper quantity of water has been added, and to test the condition 
of the charge. 

Tho casks are next filled with water and made to revolve slowly for about two 
hoiira, after which time the greater part of the amalgam will have separated from tho 
sludgy mass and collected together, so that it can be drawn from the casks It is 
filtered through canvas bags to separate excess of mercury, and distilled m iron retorts. 

The pressed amalgam contains about 85 per cent ot raerciuy, and from 10 to 12 per 
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cent, silver, -with vaiying amounts of copper, lead, antimony, &e TIio sti'arned mer- 
cury contains about one ounce of silver m the hundredweight. 

The sludgy mass {taiiings) remaining in the amalgamating casks still contains 
disseminated particles of amalgam and mercury. It is inn into a wash-tun {agitator, 
Wasokbottige, cave), mixed with a laige quantity of water and stirred with paddles. 
The araiUgam which collects at the bottom of the agitator is much more impure than 
that taken direct from the casks The lighter portion of the tailings is nm off fi’om 
side-oponings at different levels of the agitator, and Uie heavier portion is again treated 
with moroury ui the casks, or dried, ignited, and used in the smelting-works It 
sometimes contains 110 ounces of silver per ton. The finer portion of the hiilinga 
also contains some silver, from 2 to 6 ounces per ton. 

The mother-liquor from the tailings contains sodium-eliloride and sulphate, with 
other salts, such as ferrous and manganous sulphates, small quantities of phosphates, 
arsenates, and fluorides, &c It is coucentxated in leaden pans, or fiozeu in winter to 
obtain the Bodmm-snlphate 

The loss of silver and mereuiy in this operation is subject to great variation ; the 
former amoniits to about 6 or 10 por cent, of the quantity contmiied in the ore Of 
this from 2 to 4 per cent is either volatilised in the roasting, or lost in the grinding 
and sifting of the ore, and in melting the metal. From 3 to 5 per cent of the silver 
generally remains in the tailings. A small portion of the mercury is converted into 
mercurous chloride, which is not decomposible by iron. Much move remains mcchaui- 
eally disseminated among the tailings, and is washed away in the mothei-hquor Tiio 
presence of load, arsenic, and other metals, which are easily reduced and amalgnmatoxl, 
augments considerably the waste of mercury. At Freiberg it amounts to about fifteen 
ounces per ton of ore, and 87 per cent, of that is washed away in the mother-liquors, or 
remains in the tailings 

The mlvantageS'of the amalgamation method over smelting, consist in the smaller 
loss of silver, the groatoi eiraplicity of the operations, the more rapid extraction of the 
metal, saving in fuel, and the absence of injurious vapours On the other hand, it is 
net applicable to ores containing lead or copper. Although lead amalgamates very 
readily when in the metaUie state, atiU in the treatment of ores oontnining lead, only a 
small part of tins metal is amalgamated. This is probably becauss veiy little of the 
lead is reduced, the greater part remaining in the state of chloride or sulphate, wliicb 
ore not decomposed imless there is a very large excess of iron in the amalgamiitiiig 
casks. Copper is partly taken up by the mercury, and part remains in the tailings, If 
those ore not sufficiently rich to be worked, that portion of the copper is lost Conse- 
quently, ores containing more than 7 per cent of lead or 1 per cent, of copper arc not 
treated by the amalgamation method 

Auriferous sdver-orcs likewise cannot be advantageously worked by this method, 
because the greater pint of tile gold remains in the tailings after amalgamation, and is- 
lost, ^ Comparative trials h.ive shown that sdver obtained from such ores by smelting, 
contained more than twice as much gold as that obtained by amalg.imation The 
reason of this is, that though ^old amalgamates very readily with mercuiy, still in the 
treatment of silver-ores by tins method, it is less rapidly acted upon than the silver, 
which IS reduced from the silier-chlonde m a finoly-aivided spongy state, favourable to 
Its amalgamation 

The nature of the earthy ingredients of the ore has also some influence on the 
working ' thus clay renders the mass tenacious in the amalgamation , heavy spur 
makes it dense; calcareous auhstancos reduce the consumption of iron and of mercury 
by decomposing the chlorides, but they also lessen the yield of silver In this respect 
a .ludicions admixture of quartzoso and calcareous ores is most advantageous 

The method of amalgamation is applied not only to silvcr-ore.s but also to the matt 
{Kupfcrstiin) and the coarse copper {Schwartzhtjifer) obtained in smelting argenti- 
ferous coppor-ores. (See Coppi.ii, ii 31.) 

In the Mansfield district, silver was formerly extracted in this way from coppor- 
matt, after it hud been rousted with salt to convert the silver into chloride. The 
tailings were afterwards smelted with quartz, fluor-spar, and slag to obtain the 
copper. 

At faehnmllmtz, in Ilimgary, black copper, containing from 85 to 89 per cent of 
copper, and 200 or 300 ounces of silver per ton, is worked by ainalgamation The 
metal is reduced to powder by stamping while red-hot and then grinding. It is 
mixed with from 7 to 9 per cent, of salt, and roasted in a reverberatory furnace The 
amount of sulphur m the metal, being no more than from 0’6 to 1 per cent., would be 
lusiifflcient in this case to determine evolution of ehloriue by its oxidation to sulphuric 
acid , consequently the production of silver-chloride in the roasting must be effected 
chiefly by the reaction of sodium-clilorule with the metal. 

The silver-chloride is decomposed by means of copper, and the amoIgamatiOB 
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otliorwiflo contluetcd as .ilrendy desenbod (p 282). It iron -were wod instend of copper 
to decompose the chloride, the metal obtained would contain a largo amount of copper 

The loss of Bilrer is said to be less than 6 per cent , and the waste of copper about 
2 per cent The waste of mercury, however, amounts to 40 ounces per ton of course 

At Cziklowa, in the Bannat, coarse copper containing 16 ounces of silver per ton is 
roasted with 10 per cent of salt and 3 or 4 por cent of pyrites 

At Offenhauya, in Transylvania, coarse copper ooiitainiiig 10 per cent of lend is 
roasted for six hours with 18 per cent of salt and 3 per cent, of nitre, to facilitate the 
production of lead-sulphate, which is not decomposed in the amalgamation 

The compound of arsenic and antimony with nickel, cobalt, iron, and other metals, 
which is termed syicis, produced in lead-smeltiiig, and especially in the preparation of 
smalt from nickeliferous cobalt-ores, often contains silver which is extracted hy 
amalgamation. 

The speis from the Saxon smaltworks at Schneeberg contains from 10 to 100 ounces 
of silver per ton It also contains bismuth and sulphur. The powdered material is 
roasted to oxidise the metals part of the arsenic is volatilised as arsomous acid, a 
great part, however, remains m the state of arsenic ncid combined with the basic 
oxides The roasted product is sifted, to separate any melted or imoxidised particles, 
then ground flue, mixed with 8 per cent of salt and 2 per cent, of ferrous sulphate, 
and Ilgam roasted to convert the silver into chloride More arsomous acid is volatilised, 
and probably some arsonio as chloride. The product of this roasting is ground very 
fine, and treated with mercury in casks 

The amalgam requires to be woU washed with water to remove bismuth-oxide. 
The tailings contain 5 ounces of silver per ton, and are smelted for nickel. The toti'il 
loss of silver is said to bo about 16 per cent. ; the waste of mercury amounts to 10 or 
10 ounces per ton 

At Poullaoucn, in Brittany, some of tho ores from the Huelgoet mines, consisting of 
metallic silver, autimomal silver, and silvcr-ohlonde dissoimnatcd through quarts, 
ochre, and clay, arc treated in a manner which combiiios both the Mexican and 
Europoau methods. After the mechanical preparation of tho ore, oonr.mnng about 20 
ounces of silver por ton, it is mixed with water and 10 per cent, of magistral, consisting 
chiefly of sodium-ohloride, with some ferrous sniphato, alum, and a very small amount 
of cupric sulphate This mixture is loft for about 16 days in tubs, to allow of tho pro- 
duction of silvor-chlondo, and the subsequent treatment conducted as already described. 

The extraction of silver is effected to within 3 ounces to tho ton 

The waste of moroury amounts to from 10 to 80 ounces por ton of oro. 

The amalgamation method is now largely practised in California and Nevada in 
working silver-ores, and great improvements have been made in connection with it 
Iron pans with mullors, for gnnding the ore either in the raw or roasted state, have 
been substituted for the barrels with great advantage. By this moans the silver or 
silrer-compounds of the ore are more effectively brought in contact with the chemicals 
and mercury, and the amalgamation is much friciLtatcd, The appheation of heat by 
steam-pipes has also been found very advantageous. 

One of the most troublesomo circumstances connected with the extraction of silver 
by amalgamatiou is the conversion of the mercury into a pulveridcnt eouditioii, 
known as “ flouring,” when it is liable to ho washed away m the tailings, together with 
silver it has combined with. Considerable loss may ha caused in this way ; and as 
this effect is due to tho combination of sulplmr, oxygen, &c. with a portion of tho 
mercury, it has been proposed to introduce a small amount of sodium into the mercury 
used for amalgamation. From the great chemical affinity of this metal for sulphur mid 
oxygen, it prevents tho mercury from becoming “floured,” and materially reduces tho 
waste of this metal and the loss of silver An amalgam containing about 30 per 
cent, of sodium is used for tho purpose, and added to toe mercury so as to mako toe 
proportion of sodium about 1 or 2 per cent Tho presence of sodium in the merem-y 
also appeals to facilitate very considerably toe amalgamatiou of tho eilvor. (See 
Crooke’s Specifications, Nos. 391 and 2229, dated llth February and 30th August, 
1866.) 

The use of caustic alkali for the same purpose has also been tried and found 
advantageous, though piobably m a leas degree than the sodium-amalgam. 

Extraction of Silver as Chloride and Sulpliate. 

Tho solubility of silver-chloride m .i strong solution of sodium-chloride has boon 
taken advantage of for the pm-pose of extracting silver from copper matts and oios 
without tho aid of mercury Tho silver is converted into chloride by roasting 
with salt, and tho roasted jirodnot is digested with a concentrated solution of salt in 
wooden vut.s. Tho silver-solution is drawn off and pnssod thiough a scries of 
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vats containing precipitated copper, which separates the silver, while a solution of 
copper IS produced, from which the copper is recoveredin a state lit to be used again, hy 
passing through another senes of vats containing iron. The hqtior from wliich the 
copper has been precipitated, is left for some time exposed to the air, till a great part 
of the iron has been deposited as a basic feme salt, it then contains some sodium- 
sulphate produced m the roasting, and is either evaporated to obtain that suit, or 
treated with caleiura-ohloride to furnish sodium-eliloride for future use (Augustin.) 

A still more simplo and inexpensive method of extracting silver is based upon the 
facta th.it silrer-sulphato is soluble in water, and that it requires a higher temperature 
for decomposition than any of the other soluble sulphates containing heavy metals 
which are pinducod diirnig the roasting of copper-matt or of eilver-ores with pyrites 
The success of tins method of treatment depends mainly on the proper roasting of the 
matenal from which silver has to bo extracted, so that the whole of the silver may bo 
obtained in the state of sulphate, while the cupric and ferrons or feme sulphates are 
decomposed. In the roasting the heat is to he gradually raised during the space of 
three or four hours to dull redness, and lastly increased within about two hours to cherry- 
red The progress of the roasting is ascerUunod from time to tune by testing n 
portion of the charge with water It should give a faintly hlnisli solution, and the 
amount of silver rendered soluble may bo estimated volumetiicnlly with a salt-solution 
of known value, 'When the proper condition has been reached, the charge is drawn 
from the furnace and digested with water, and the silver is precipitated fiom theaolution 
by copper. (Ziervogel) 

The .average loss of silver hy this method is said to be only 8 per cent. 

The nso of nlkalino hyposulphite has been proposed as a solvent for silvor-chloride 
in the working of oies, &c , the silver being precipitated from the solution as silver- 
sulphide by means of alkaline sulphide, while a solution of hyposulphite is repro- 
duced (Percy.) 

In the case of very poor argentiferous materials, such as the residue from the 
bui'uing of pyrites in the muuiifactuve of sulpbiirie acid, it has been proposed to 
volatilise tile silver as chloride, and collect it m condensers 

Wlien the silver obtained hy this method is very impure, it is aomotiinos purified by 
cnpellation with load. Attempts have been made to separate the metals with which 
the silver is alloyed, by digesting with dilute sulphurie acid in leaden pans, the residue 
left by distillation after it has been heated to redness in contact with atmospheric air 
By repeating tins treatment several times, a large portion of the foreign meUls are 
separated, but the purification is incomplete and the cost is considerable More fie- 
quently the silver is refined by melting in cast-iron crucibles By this moans the 
foreign metals are oxidised and form a slag, which floats on tho surface of the melted 
silver and is skimraed off Some charcoal-powder is then sprinkled on the metal, the 
crucihle covered, and the heat kept np for a time, the metal being stirred in the mean- 
while With an iron rod Wlien the chorcoal is consumed, this operation is repeated 
until the metal exhibits the required degree of purity It is then cast into ingots. 
This reflued metal ought not to contain less than 70 per cent, silver, and the alloy 
should consist entirely of copper. 

The refuse of the refining is melted with potash and some nitre under sodium-olilo- 
rulo, and a silver regulus is obtained, together with a rich matt, which is mixed with 
the ore for amalgiiniation, and a slag which is sent to the smelting-works. B. il. B 

SIXiVBn AliXiOtrs. For most of the useful purposes to which silver is applied, 
the pure metal would ho too soft to resist sufficiently the wearmg-away of the surfaco 
by fnction The presence of u smoll amount of copper in the metal very consulerahly 
iiiereiises its h.iidnoss. without much affecting the colour, and consequently silver is 
generally used in the state of an alloy with copper 

Silver may he alloyed with most other metals. Hone of the alloys are so soft and 
ductile ns pure silver, though generally more so than the metal with which it is allnycd 
The piesoace of small quantities of other metals — such as antimony, aisenic, bismuth, 
till, and iinc —renders sili er brittle and hablo to crack when rolled, but to a less extent 


n, and when the aluminium .mounts to twieo as much a- 


even more fusible than aluminium, and may therefore be used for soldering that 
roet.il. The alloy containing 3 per cent, of aih er is not acted upon hy sulphuretted 
hydrogen that containing 6 per cent, of silver has a fine white colour, takes a good 
polish, has about the same degree of hardness as British standard-silver, and is tole- 
rably malleable. Equal parts of aluminium and silver give a brittle alloy. 

2 IVith Antimony — ^A very small proportion of antimony alloyed with silver is 
sufficient to render the metal liable to crack in rolling. Alloys of silver and antimony 
ocelli' .IB minewls. 
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3. With Bismuth. — Equal parts of silver and bismuth form a orystalline brittle 
alloy, of 10 709 specific gravity. Bismuth-oxide being fusible, tins metal can be 
separated from silver by ciipellation in the same way as lead 

4. With Copper, — Silver and copper may be melted together in any proportion. 
The alloys are almost as ductile ns silver, and they have much greater hardness and 
elnslicity, and are capable of taking a much higher polish than pure silver Those 
eoutiiiuing less than half their weight of silver are white 

The most important alloys of silver and copper are those employed for coinage, and 
for the manufaeture of silver utensils and ornaments, &c. The standard value of the 
alloy used for these purposes varies m different countries In England “standard 
stiver" contains 7 fi per cent copper • its specific gravity Is 10 20 
In France there are three standard alloys one, containing 96 por cent, of silver, for 
medals and plate , the second, contaimng 90 per cent., for coin ; and the third, contoming 
80 per cent , for jewolry-work 

In Germany and Austria there are two standards for coin, of different values — one 
coiitaiumg 90 per cent., the other 87’6 per cent, silver. The alloy used for silver- 
plate vanes from 70 to 81 per cent. 

Stiver-solder contains about 06 per cent silver with zinc and copper. 

When alloys of silver and copper solidify gradually, they do not remain homogo- 
neons throughout According to the amount of silver they contain, the inner or outer 
portions of the mass contain a larger proportion of silver than the remainder. Level 
states that this separation does not takeplace with the alloy consisting of 71 '9 per cent, 
silver and 28 1 copper (Ann. Ch Phys. [3] xxxvi 220 ) 

Although the alloys of silver with copper aie white, even when containing a large 
amount of copper, still the colour is not so fine as that of pure silver Such iilloys, 
after being manufactured, are therefore submitted to an operation by which the copper 
is siiporfirially oxidised, and dissolved out, so as to leave a film of pure silver This is 
termed whitening {blamhment , Ansteden) 

ft. With Gold. This metal may be alloyed with silver in all proportions Level 
regards the alloys of these metals in equivalent proporl ons ns being incapable of 
sep.aratiiig by gradual cooling (Ann Ch Phys [3] xxxix. 1 63.) 

Alloy B of gold .md silver in various proportions occur native. (G Rose, Pogg. 
Ann. xxiii 161 — Awdeyew, iliul liii 163 — BoiiBsiiigault, Ann. Ch. Phys. 
[2] xxxiv 498 , xlv 440 — Gmehn's Bandloole, vi 247 ) 

6. With Lead — Silver may bo melted with lend in all proportions These alloys 
wlieii slowly cooled, sepai-ate, so that the interior of the mass contains a much larger 
proportion of silver than the outside. (Levol, Ann Ch Phys [31 xxvix, 163 ) 

7 With Mercury, — This metal combines with silver at the ordinary temperature, 
forming one of the soft alloys called iimalgoms, which mixes with an excess of mercury, 
hut may be separated as a pasty mass by squeezing in wasb-leatlier. Silver-umalgam 
occurs native, sometimes orystalliscd (lu. 889). 

8. With Nickel — The nlloy contonimg 13 4porcent of nickel, is greyish-wliite, and 
takes a good polish It is highly magnetic The alloy used for com in Switzerland 
contains 10 por cent, of nickel. It is very hard, and not so white as the alloys eom- 
mouly used for com. 

9. With Platinum — Alloys of silver with platinum are much less ductile than pure 
silver The alloy containing 64-3 per cent platinum, has a colour intermediate 
between those of the two metals. It cannot bo rolled without cracking Silver con- 
taining only 0 07 of platinum is very brittle, and cannot be cupelled , even as little as 
0 06 greatly impedes tlie cupeUation. Sulpliiirio acid dissolves the silver from these 
alloys Nitric acid dissolves part or aU of the platinum as well as die silver, according 
to the proportion of the two metals 

10 With Tin — Alloys of this metal with silver are nearly as white as pure silver. 
Thiy are brittle and generally hard, that containing 20 per cent of tin being about as 
hard a,s bronze. 

11. With Zinc — These alloys areof a hluish-whito colour. Doppler’s reflector metal 
consists of 80 pts silver and 20 pts zinc, 

SlXiVEK ASSAV, The estimation of the amount of silver in com, alloys, ores, 
&e , for practical purposes This operation may he eoiidnctod either in the wot way, 
by precipitating the silver as chloride fiiom the solution of a known weight of the 
Bubstiince to be assayed (see Silveb, Detection anii Estimation os, p. 298), or in 
the dry way by ciipellation with lead, so as to obtain the pure silver 

III operating upon ores containing motaUie silver and oxidised silver-componiids, 
they are mixed with eight or ten times as much litharge, and twice fls much black flux, 
and melted in earthen crucibles. The lead reduced by the carbon of the black flux 
dissolves the silver, .and collects as a button at the bottom of the crucible, while the 



SILVER ASSAY. 


remainder of the litharge aad Uio alkaline carbonate combine with the silioioua and 
earthy ingredients of the ore, forming a slag. 

Ores ooetaming sulphur or arsenic may be meltod with litharge alone in sulEoient 
proportion to oxidise those substances, and the lead reduced at the same time will bo 
sufficient to dissolve the silver. If the amount of sulphide should be very large in 
propoition to the silver, it is better to separate sonio of the sulphur by rousting tlio 
ore, or to oxidise it by melting it with nitre before the treatment with lithiu’go. 

Ai'gentiferous galena may be assayed by melting it with one-nnd-a-hiilf times its 
weight of black flux, and about one-iourth its weight of small iron nails, to obtain a 
button of metal Or it may be melted with three or four-teiiths of its weight of nitre, 
which oxidises the sulphur, forming potassium-sulphate, while tho lead and silver are 
reduced The addition of sodium-curhonate or litharge as a flux is often necessary and 
convenient in moderating the i eaction between the nitre and sulphides. 

Tho button of metal obtained by any of these operations consists of an alloy of 
silver and lead The separation of these metida is effected hy eupellatto 7 i (coupdlahon , 
Abheiben). This operation is founded on the fact that when such an alloy is melted 
and exposed to a ciurent of atmospheric air, the lead is oxidised, while the silver 
remainb unaltered The separation of tho lead is facilitated by melting the alloy ujxm 
a cupd (vottpelle, OapeUe), made of bone-earth powder compressed^ so as to be eiiffi- 
cieutly porous to absorb about its own weight of melted lead-oxide, which is thus, 
removed from the metiil as the oxidation advancos, until at last there remains only the 
pure silver. 

In the assay of argentiferous copper-ores, tho first step is to obtain a button con- 
taining the entue quantity of both metals. For this pm'poso ores which do not contiii ii 
Biilphiir, arsenic, or antimony, but consist chiefly of oxygen-compounds of copper with 
eiu'tliy admixtures, may be melted at once with black flux sufficient to reduce the metal, 
and with a flux to convert the earthy ingredients into liquid slag Borax or litharge 
may be used as the flux, care being taken to avoid, lu the one case, loss by intumes- 
cence, and, in the other, tho reduction of much lead in proportion to the silver and 
copper 

Ai'gentiferous coppor-ores containing sulphides must bo first rousted by gradually 
heating the powdered ore in a shallow capsule, until sulphurous acid is no longer given 
off, Gteat care mnst bo taken at fti'st to prevent any partial fusion of tho ore, and, 
when arsenic is present, it niust bo very slowly volatilised — otherwise the vapour may 
carry away some silver After the ore is fully oxidised, tho heat is to be raised 
sufficiently to decompose the sulphates produced The roasted ore may then be molted 
with three or four times its weight of bbiek flux The button of copper and silver 
thus obtained is cupelled with load, to separate the copper from tho silver, and tho 
silver is weighed. 

1 . Stiver Jsta^ vtt tlie dry way . Cupellation.—'S'm assay of alloys of silver and 
copper by cupellation is of considerable practical importaneo Wlien such alloys are 
molted 111 contact with atmospheric air, tho copper is oxidised, as m the case of an 
alloy of silver .ind lead but the copper-oxido being infusible at the temperature, it 
c.iuiiot be absorbed by the cupel, and its separation requires a solvent. For tins 
reason load is added m the cupellation of silver alloys containing copper it serves a 
tiiufold purpose — facilitating the fusion of the alloy by acting the part of a solvent to 
it at a temporatme much below the melting-point of either Buver or copper, whdo the 
oxide It yields during the cupellation melts, and dissolves the eoppcr-oxide produced 
at the same time. 
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The amomt of copper eiip.vhle of being dissolved iii this way by livid-oxide, so as ru 
be absorbed by the cupel, vanes according to tho teinperatnre Tho relative propor- 
tions of copper and lead absorbed as oxides by the cupel also vary, even at the same 
temperature, according to the proportion of tliese metals in the alloy Karston, by 
cupelling cupper with differont proportions of lend at one and tho same tompemtuie. 
obtained the results given in tho piecedmg table 

Besides these total differences, the propoitiou of eopper-oxKlodts‘!olved'whon an alloy 
of lead with excess of copper is cupelled, vanes throughout the operation. At the 
commoiioement it amounts to only 0 13 of tho lead-oxide, and at the end to 0'36, or 
more than a third When the proportion of lead to coppier is too small, the melted 
oxides aio not sulSciently liquid, at the temperature proper for eupellution, to be 
readily absorbed by tho cupel. In this coso the oxide aecmuulates above the metal, 
and evontually stops tho oxidation Tho assay is then 6.iid to bo chilled (voyi, 
ersuiifen). Therefore, in order to separate tlie whole of the copper from an idloy of 
silver with this motal, it is necessary to nso enough lead Thu complete separation 
would always be effectod uuth any alloy by using the maximum proportion of lead, or 
as much as would be necesaiuy with imie coppoi. But, since this operation is always 
attended witli a loss of silver, which increases in proportion to tho time it lasts, and to 
the amount of metal oxidised, it is indispensable to render this loss ns small as possible 
Fur that reason only so much lead is to be used as may be actnally necessary, accord- 
ing to the amount of copper m the alloy to be asB.ayed. 

The proportion of lead reqiusite for effecting tho separation of copper from silver by 
cupeUivtion is to some extent influenced by the amount of silver in the alloy. Expo 
nonce has shown that, m cupollation, cojipor is less readily oxidised when it is aUoyecl 
with silver than when pure , and that, consequently, n larger proportion of lend must 
be used, relatively to the copper, tlie greater the amount of silver in tho alloy. 



It IS remarkable that when the copper amounts to more than one-half of tho alloy, the 
same pioportion of lead is necessary for all alloys, whatever may bo the amount of 
copper they contain. Evan when pure silver is melted on a cupel, a little loud must 
be added to m.ako the motal form a button , if less than threo-toiiths its n'eight of lead 
is used, the button is not properly formed, and tho load is not sopiu'uted imiuss the 
heat bo raised oousidei'.ibly, which causes groat loss of silver When, on the eoiitrmy, 
more than that pioportion of lead is used, tho ciipclhition Likes place readily, but the 
loss of silver is greater, because the operation lusts longer. 

Tile furnace in which cupellation-ii3.sdys are made is represented mfta 746. Tho 
most imijortant part of it is the ■muffle, B This is a semioyluidrieal vessel made 
of clay, and closed at one end It is fixed in the furnace in such a manner that 
it cmi bo entirely surrounded with tho burning fuel when the fm-naeo is m use At 
the sides of the muffle tliere ariS loiigituibnal openings, through which a diaiight is pro- 
duced by the chimney , and when the door of the muiflo is opened, a ciuTeiit of atiiio- 
spherio nir is thus made to pass through the mufllo oier the cupels 

In using this furnace, it should be kept entiiely filled with fuel winch will burn 
without smoko, and when the temjieraturn h.ia been raised to the propei dogiPe, it 
can easily be regulated according to requirement. When tho cupels have hccomo hoi, 
and the sides of tlio muffle m-o at a bright red heat, vermng upon white, tho necess.ii v 
qu.intity of load is fir.it jilaced in the serer.il cupels , and when it is melted, the weighed 
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BmaiJ Witli too slow a current of air, the process would go on veiy slowly, and thera 
would be a loss of silver in consequence of the operabon lasting too long 

The most oxidisable of the various metals which may he present iii an alloy are 
chiefly separated duimg the first stage of the cupellation, and towards the end, the 
lead-oxide formed may be almost piuo, or contain only cnprie oxido. Iron, tin, .and 
Zina are oxidised with such rapidity, that alloys containing any large amount of these 
metals cannot be cupelled withoiit the assay becoming dulled, orincrustrd m the cupel 

The appearance of the cupels after the operation affords some indication of the kind 
of metal alloyed with the silver Lead gives the cupel a pale-yellow colour , bismuth 
gives a slightly orange-yellow , copper gii os a grey, dirty rod, or brown colour, accord- 
ing to the quantity. Iron produces black scorise, which collect at the commencement 
of the oxidation about the edge of the cupel Tin gives grey scon®, and causes incrus- 
tation when present in lorge amount Zme produces a very luimnous flame, and 
leaves a yellowish ridge on the cupel ; its presence causes loss of silver, by augmenting 
the volatilisation, or by spitting. Antimony gn os a yellow scoria, and makes the cupel 
crack w’hcii present in any large amount. 

When the buttons of silver have solidified, they are detached from the cupels with 
pliers, blushed to clean off fragments of bone-oarth or oxide adhering to the under- 
bide, and thou weighed The results thus obtained give the amount of silver in the 
alloy too low, because there is always a loss of silver in cupeUation, which in the case 
of ordinary alloys may amount to as much as 0 005 In the ciipollation of alloys con- 
taiuing a largo amount of silver, this loss is proportionately less than in the cupellation 
of alloys containing but a small amount of silver. Consequently it is necessary to 
apply a correction to the actu.il results of the assays, according to the value of the alloy 
in silver, as shown in the following table . — 



This loss of sihei’, houever, is not coii||iiit even for tlin s.imo alloys, but vanes 
according to the mode m winch the opcrati* is condiictid. For tlio sake of greater 
certainty, llioreforo, a proof assay with piiio siher, or witli an alloy of known t.i1ii6, 
should bo made with each batch of assays, in order to ascertain whether the loss of 
silver be really the same as that indicated m the table for that alloy or for pure 
silver The correction to be applied to the resuKs of tlio assays made at the pamo time 
IS then to bo regulated according to the result olibiined with the proof-assay. Whoii 
tlio operation is conducted with proper cure, the corrected results may indicate the 
amount of silver in the alloys to within 2 or 3 pts in a thousand 

Li many instimces, ciipelhitioii is a veiy convenient method of estimating, approxi- 
mately, the amount of silver in alloys and ores, hut when great accuracy is required 
it IS bottei to employ the wot method of assay doused by Gay-Lussac 

2 StJoer Absay hy the met frocees — This method of estimating silver consists in pi e- 
eipitating the motal as chloride from the solution of a kiioivn weight of the alloy, mid 
in using for that pin pose a solution of eoinuiou salt conlaiiiiiig a known .amount of 
salt By weighing or mcjsurmg the qumit.il y of this solution which is ,]u.st Buffineiit 
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to oonvoi't the whole of the silver into chloride, it is easy to ascertain tlie amount oi 
silver in the alloy Silver-ehlorido separates so readily from a liquid containing nitrii 
acid in excess, that the exact point at which all the silver is precipitated may hi 
ohserved with great piccisiou, and much more accurate results may be obtained in tint 
way than hy cupellation. 

The not mal sobition is made of such a strength that 1000 graiu-meiisures ai’c equiva- 
lent to 10 grams of silver, or 100 cubic centimetres equiinlcnt to 1 gramma In iniinj 
instances the normal aolutiog,may be usod in tlm same way as any otlior volmnetric 
Toiigent, by simply observing the volume required for perfect precipitation, and tlien 
multiplying the quantity of silver represented ly 1 gr-am-measure or by 1 cubic centi- 
metre by the number of gram-measures or eeutimetroa of solution used. The amount 
of silver in ores and other substances imiy often he conveniently estimated in this way 

For the purpose of attaining a greater degree of accuiacy m the results, ftiiothei 
solution, containing only one-tenth as much salt as the normal solution, may be used 
for eompleting the precipitation For greater convenionee, in shaking the liquid to 
faoihtate the separation of the sdvei-ehloride, the silver-solution should be continued 
in a stoppered bottle 

In the valuation of allo;^s eontaining a tolerably constant and approximntivcly known 
amount of silver, such as silver com and the bars of alloy prepaied for coining, it is fai 
preferable to take a quantity of the alloy which wiU contain rather more than 10 grains, 


Fig. 1U. 



or 1 gramme of silver, and tc 
odd to the solution of it in ni- 
tric acid 1000 grain-measiu'es 
or 100 cubic centimetres oi 
the normal solution at once, 
There will then remain only 
so much silver in solution as 
there have been in excess ol 
10 grains or 1 gramme. The 
precipitation of this portion 
of the Silver, which should not 
amount to more than 2 or 3 
thousandth parts, is to be 
effected with the decimal solu- 
tion 

The apparatus requisite foi 
this operation, wlien a laige 
miiuhor of ass.iys have to be 
made, is shown by /.g 716 
A 13 the reservoir for hold- 
mg a l.u’gp supply of the 
normal solution, which can bo 
diawn off as required by the 
stopcock 0 The tuba h, open 
at both ends, passes to tlia 
bottom of the leservoir, and is 
tightlyfllledinto the aeckwitli 
a cork, so that there oannet be 
any loss by evaporation, and 
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Ftg 718. 


When the left forefinger is pl.iced on the teak of the pipette, and the cocks c and c 
are opened, the solution cannot flow into the pipette unless the TidTe f is opened to 
allow the an- to escape from the pipette As soon as the pipette ^47, 

18 filled to a little above the mark n on its neck, indicating tho 
rtqmsite volume, the cock e is closed, then the valve/ is closed, 
and the finger removed from tho heak of tho pipette 

The bottle containing tho solution from winch silver is to he 
precipitated is put into tho holder h, which is fitted to a metal 
plate hearing also a reoeptaelot for waste solution, and a support 
fur a piece of sponge h This metal plate slides freely between 
grooves from I to m, m such a way that the sponge or the mouth 
of the bottle contaming the silver-solution may be brought exactly 
under the beak of tho pipette To run off from the pipette tho 
excess of solution, the receptacle i is placed below the beak, and the 
1 alvo / is cautiously opened just enough to let the level of the 
solution sink to tho murk on the nock of tho pipette Then the 
valve IB closed and the slide moved, so that the sponge is brought 
against tho beak of tho pipette, to wipe oflf the chop of solution 
hangiug to it As soon as that is done, tho slide is moved back 
till tho mouth of the bottle is under the beak of the pipotte, and 
by opening the valve / the measured solution is allowrf to fall into the bottle. 

These assays are generally made m senes of ten, the bottles and stoppers belonging 
to them being muubered and placed m a stand, which can be immersed in hot water to 
facilitate the solution of tlie 
.illoy in nitric acid After 
the metal has completely dis- 
solved, the bottles are allowed 
to cool, and the nitrous vapour 
IS displaced by blowing into 
tho bottles through a piece of 
bent tube Tho proper qu.in- 
tity of normal solution is then 
measured into oaeh bottle 
from tho pipotte , the stoppers 
are put into the bottles, and 
they are transferred to an 
Hgitator(/5' 748),whiohholds 
ten bottles, and is sus- 
pended between two vulcan- 
ised o.aoutoliouo springs, so 
that the whole of the bottloe 
may he shaken at once 
After shaking the bottles 
for a minute or two, they are 
taken out and ranged upon a 
hhiok shelf, with ton compart- 
ments numbered to eon'o- 
epoud with the bottles Wlien 
the liquid in each is clear, the 
stoppers are taken out and 
hung upon wires attached to 
each compartment, and a cubic 
centimetre of the decimal 
solution isrun into each bottle 
by means of a small tubular 
pipette, which is fitted through 
a cork into the bottle, A (fy. 

749), containing the decimal 
solution. In adding the de- 
cimal solution it should bo al- 
lowed to flow gently down the 
Bideof the bottle, after placing 
the beak of the pipette, h, against tho neck of the bottle. By this means the silver- 
elilonde in the bottle is not disturbed, and if the liquid eoutaxus silver it is at once 
rendered turbid 

ich of the bottles in which a proeipilnto is produced by tho measure of decimal 
. .„„.i compartment of the shelf, the bottles are again shaken, 



BoluLiou, a mark is niado oj 
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and anotlier nieasuro of decimal solution added — ^tliia operation being repeated until no 
further precipitate is produced Supposing each cubic eentimetro of decimal solution to 
be egiiivaleut to 1 milligramme of silver, and 100 cubic centiinotros of the normal solution 
to prccipitiile exactly 1 gianime of ailTor, the quantity 
lig. 719. Qf silver woubl be found by lidding to 10(1(1, tbo iiiimber 

of cubic ceulimctres of dociinal solution leipiisitc to 
complete the procipitatioii If, for instance, ,i oertam 
quantity ot alloy ({) rcqiiiies, overniidiibuve tbo 100 cubic 
ccutimetres of iiomml solution, 5 cubic ccritimctres of 
decimal solution, then the quantity {.i ) of siHcr would be 
1 005 grm. The percentage (.x ) of silver in the alloy may 
then bo found by ii simple ealciilatioji • 
a! . 1000 = ai . f 

And -when, as in the assay of alloys that are supposed to 
be tolerably luiiform in value, g is a constant quantity con- 
taining as a inininiiim 1 grm. of silver, a table may 
bo constructed which will intecate tbo silver viilue of 
the alloys in tlioiisandths, by reference to mimbers cor- 
responding with the number of cubic ceutiraotros of de- 
cimal solution used in each instance. 

The quantity (5) of alloy containing 1 grm. of silver mil of courso vary according to 
the silver value of the alloy, and the tables will relate only to particular alloys In 
this country the stamliird of silver com is 925 parts of silver in 1000 ports of 
alloy, and cousoqiieutly 1 OSl grm should contain 1 grm of silver The quantity of 
alloy taken for the assay is I’OSo grm , which at ilic exact standard woidd ountam 
1 003(125 giui of sihei, and would then lequno 3 5 cubic centimetres of dcoimiil 
solution to complete the prccipind ion, .ind less or inoru aceording as the anioimt of 
silver m die nlloy woro bsluw or above the st.iudiird The following table expresses 
the vulno of tho alloy, according to quantity of decimal solution used, wthiii the limits 
of variation allowed for stund.iid-silver- 



Quaniili/ of Alloy for Assay 1 085 gnnumc. 


Tho numbers in the first and last columns express fractions of thousaiidths, which it 
is qnito possible to estimate, after some practice, from tbo density of the lastpreoipitato 
produced by the decimal solution 

Supposing, ns in the example above given, llio quantity of decimal solution used 
wore 6 measures, then the silver value of the nlloy in thousandths would be found ut 
the top of the column under 6, or 926 2 If the fifth measure of decimal sohition gave 
a precipitato equal to only 0006 instead of 001 grin, silver, then the silver value 
of the alloy would bo rather loss, and it would be found lu the third bno of the column 
under 4, corresiiouding to 4 60 or 926 8 tliou-.,aiidths. 

If the amount of silver in any one of the alloys is so much below the standard that 
the measure of normal solution is rather moio than sufficient to precipitate all the 
silver, the first incaaiire of decimal solution will not of course give any precipitate. 
It is customary 111 such cases to add two or three measures of a solution of silver, 
winch is exactly equivalent, menauro for me.isiiro, to the decimal solution of salt , 
marking the uiimber on (ho bo.ird with a mmui sign before it, and then adding deci- 
mal salt solution A b< tter plan is to repeat tho assay with a rather larger quantity 
of alloy 

Since it 13 difficult, by reason of ovapovntion and chniige of temperature, to ensure 
the coiist.iiit equivalence of the moiisuro of uorimil solution to the quantity of silver 
which it IS prepaied In precipitate, it is be,st never to attempt doing so, aud uceurate 
results may be obtained with greater certainty otherwise For this pmpose the exact 
value of the measure of normal solution is estimated from time to time with each set 
of assays by means of pure silver, of which I'OOl grm 13 dissolved and treated with a 
measure of norm.il solution ns n proo/ assay 

It a measura of tho noijn,il solution slmuld happen tn be exactly equivalent to 
1 gim. of sill er, then tho first measiU'c of decimal solution will produce a prtcipit.itc in 
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tliis pi'oof-iiHg.iy, but tho second measure will not produce any If, howem', a second 
und third measure of decimal solution bo required to complete the precipitation in the 
proof-assay witli the 1 001 grm pmo BiRer, then the nicnsure of normal solution iit 
the tune will be only equivalent to 1 001 - 003 = 908 gim. silier, and a coirc- 
spoii ding rntmiii correction must be applied to all the other assays Thus, for inataneo, 
111 tlie case of one which requires 6 measures of decimal solution to complete precipi- 
tation, only 3 measures would relate to the quantity of silver over and ahovc 1 grm 
The actual quantity of silver would be l-OOS grm , and the silver value of the alloy, in 
thousandths, 924 4 If, o'li the contrary, the first measuie of decimal solution gave only' 
a very slight precipitate in the proof-assay, equal to 1)0025, then the measure of normal 
solution would be equivalent to 1 0075 grm of silver, and a jihis correction of 0'7S 
would have to be applied to the results of tlio assays, befoie reading ofif the silver 
values of the alloys from the table, as aU-eady described 

With the exception of mercury, other metals do not mterfore witli tho accuracy of 
the result obtamiihle by this mothod. 

Tlie approximate estimation of tho silver value of the alloy, which is necessary iii 
this method of assay, may he made by oupeUation, or with a salt solution and biirotto 
111 the usual way B. H. P 

SII.VBR, BZsmvTHXC. See BiSMUTH-SavBB (i 697). 

SIXiVEiR, BXiACK, ) „ 

SII.VEB, BBITTZiZi SITXPBIDB OF. J SlTarnANITD. 


smVER, BRamiBES OP. The pi'otobromido or argentic bromide, 
AgBr, occurs native as bromaTyi/nte, hromj/nte, or Irranm nlver, in the district 
of Phiteros, and at the mine of San Ono&o m Mexico, also with chloride of silvcT 
at ChahareiUo in Chile, and at Hnclgoot in Bretagne It is usually found in small 
concretions, rarely in ciiho-oetahedroiis. Hardness = 1 — 2 Specific gravity = 
6 8—6 It IS sectile, has a bright yellow or greemsli colour, and splendent lustre 
The Mexican mineral contains 57 56 per cent silver (Berthier), the Chilian 57 43 
per cent (Pield) , calc 67 4:6 silver and 42 66 bioinine-. 

Argentic bromide is formed aitiflcuilly by precipitating nitrate of siher with 
hrouiide of potassium Tho precipitate is yeUowish-wlute, curdy, insoluble in water 
and in acids, soluhlo in ammonia, but much less so than tho chloride according to 
Pohl(Wien Akad. Ber xli 627), 100 pts of uqiiooua amnioma, of spociflc gravity 
0 980, dissolve 0'061 pts. of silver-breniido at 80° It dissolves in eoncontrated 
aqueous bromide of potassium and in other alloilino bromides , also in hyposulphite 
of sodium, but not so readily as the chloride, und is precipitated from the solution by 
bromide of potassium 

Argentic bromide melts below a red heat It is coloured greyish-violet on exposure 
to light, but not so strongly as the chlorule. According to H Vogol (Jahresb 1881, 
p 284), the product consists of argentoiis bromide, Ag4r The reduction is retarded 
by free nitiio acid, but greatly accelerated by nitrate of silver, the urgentous bromide 
being then mixed with metallic silver, resulting from reduction of the nitrate itself 
Argontio bromide is not decomposed by acids, but eblormc conveits it into chloride of 
silver, with evolution of bromine. 

The hemibromide, or argontous bromide, is produced, as above mentioned, by 
the action of light on aigentie bromide , also by treating the eoriebponding oxide, Ag'O, 
with hydrobroinic acid. (H, Vogel.) 

SIIiVEB, CARBIDES OP. The eompoimd Ag^C is said by 0ay-l,ussac to 
be formed when silver is fused in a crueible in contact with lampblack Other eom- 
pouuds of silver and carbon are obtained as residues in tho ignition of organic silver- 
salts, viz. Ag^C as a yellow residue from cuminate of silver (Gorhardt and Cahours, 
Ann Ch Pliys [3] 1 76), also as a dull white fused metallic mass, by iuteiiso ignition 
of silver-cyanide (Liebig and Eedtonbaeher, Ann Ch. Pharm xxxviii 129). 
According to Thau low, however (Berz. Jahresb xxxiii. 81, 228), this last product 
consists of paraoyanide of silver (iv 342). The compound AgC remains as a gi-ey 
powder when aqueous pyroracemate of silver is heated for some time in the watcr- 
hath The residue left m the dry distillation of the same salt appeals to ho a mixture 
of Ag®C and AgC (Berzelius, Pogg Ann xxxvi. 28) According to Eegnault 
(Ann. Ch. Pharm. xix 163). tho moiiocarbide AgO is likewise obtained by heating 
maleiitc of silver. 

Tlio carbides of silver are dissolved by nitric acid, with separation of carbon, and 
leave metallic silver when subjected to prolonged ignition m contact with the air 


SIliVER, CHEORIDES OP. Sliver forms two chlorides unaloirouH to tho 
bromides. Tho protochlorido or argentic chloride, AgCl, occurs iiatiio as 
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horn-mlucr or In ariji/uic, sonietinioB m cutea, octaUedvona, regular dodac.diedvaiM, 
aiid otlier monometrio forma, but more frequently in ii iixy Tn.isf.es, BometimeB columnar , 
no cleavngB. Ilaulnc.ss = I — 1 fi .Spociftc gravity = 5 31 — S 43 (_Domey ko1. It 
liiis (I pe.irl-groy, greenish, or ivliitisli colour, turmiig Inonn on exposure, undo resinous 
lustre passing into .iJumautiiie Streak sinning Tr.mslucent in variDiis (iegiees. 
li'rattmc soinewhut coiichonlal, aectiln IvKiiaulIi found, in spceimons from vnnoiiH 
Inc.ihties, 73 6 to 70 per cent silver the formuln requires 75 2.5 per cent Horn- 
Bilver oceurs in veins of clay-slate, uceonipuiiying other ores of silver, also ivitli several 
copper ores, ealcapar, he.ivy spar, &e. It is most ahundant in Peru, Chile, and 
Moiieo , it iviis formerly obtained in the Saxon milling district, hut is now i iirc , it also 
oeeuw in Silieria, at Ivongsberg in Norway, in Alsace, in Cornwall, and at Hueleoet in 
Piotagne ■ ’ ' Ifnrtz, nii ciirtliT variety is met with called ImWcmiWr 

oiv, ivliieh, contains 24 64 per cent silver, 8 28 hydrochloric 

iicni, .ind G7 (18 uUimnia. 

i\jgentio chloride is thrown down as a white precipitate, at first very bulky and 
eurdv, when liHlvochlorie acid or ft soluble chloride is added to any soluble salt of 
silver except tlio hyposnlvliile, also, togetlier with argentic hypochlorite, by p.issuig 
chlorine gas into a solution of argentic nitute (Naij^uet, Jnhresber. ISCO, p 201.) 

Precipitated iirgentic chloride has n specific gravity of 67 (P Mohr, Pogg Ann. 
exni 666). It is wholly lusohihle in tcirfir, so tliat the minutest quantity' of a solublo 
chloudfl m aqueous .solution may he detected by adding to it a drop of solution of 
silvei -nitrate Tho pvecipitute is liken ise quite insoliihlo in tit'im attil, even on 
boiling, also in dilute h)/tlroclilm w ami Strong IiydiocUlovio acid, howmoi, dissolics 
it, and tile solution, ivlien lott to ov.ipoiMto, deposits the argoiitio ciiloriclo in oiti- 
hedroiis The cblorido dissolves easily in uiiimnuat, and crystallises thrri'froin ns tlie 
nmnionia evaporates Accoiduig to Pnhl (Wien Akad Bev xh 627), 100 pis of 
aqiieons ammonia of speiiflc gravity 0 886, dissolve 1 t92 pts argentic chloride at 80° 
Argentic ehlovnle dissolves in stioiig soUitions of at/adiite ohloiidCD, foiming orystulhs- 
ahlc double salts, which arc decomposed by water, the silver -ciilovide hciiig then 
precipitated. It dissolves e.iiSily' also in unJic /ii/jio-’Ulp/iite, and is not piccipitaleil 
tlievpft'oni by ililonde of potissnim, hut bioriiido or iodide of potassuiui iicldcd to tlio 
solution, tin-on s down bromide or lodido of silver (Field, Zoibsclir Ch Pharm. 1361, 
p. 120), Tim cliloride is likovvise eom-irted into lodiclo or hi-oimde ot silver liv 
digestion With solution of lu-omide or lodnlo of potassiuiii, and on this reaction Field 
has founded a method of dctormiiiing the proportiotis of chloiiiie, hi'ominti, and ipdino 
when they occur together in a mixture (sen Ilnovninj, Es'ii,vution op, i. C7S) Ci/nindc 
of poUiSiium dissolves chloride of silver, foinimg ohlorido of potassium and argento- 
potiissio cyanide Sobtlh ndphiUd also dissolve argentic chloride 

Argentic chloride melts at ahont 261)°, fornmig ft traiiBp.ivent yellowish liquid, 
which, on cuobng. solidifies to a horny, tranaliiceiit, sectilo in.isB It is not decomposed 
by heating with chareoal, but, ts eusily reduced by he.itiiig in ft cuirenfc of hydrogui, 
hydrochloric acid being evolved, and metalUe silver sepui-ated, also by ignn'iuu with 
aUakne cat /mtain, an alkaliiio chloride being then formed, and a mixture ot oxygen 
and carboiiio anhy drido evolved e g. — 

JAgCl + 2Nn'CO^ == iNaCl + 200* + 0* a- 2Ag* 

Zinc, iron, and other e,isily oxidisable metals, in contact with water, quieldy reduce 
precipitated argentic chloride to tho niobdlio state, still more quickly if tho water is 
acidulated with sulphuric acid Even the fused chloride laid upon a plate of zinc or 
iron, and covered with acidulated water, is converted after a tew days into a spongy 
mass of iiii'talhc silver Weak .slkulino leys do not act upon argentic chlondo, hut 
when it IS boiled with a stiong solution of potash, chloride of potassium is foi-med, 
and dense black silver-nxido is produced, the addition of glucose to the mixture 
quickly redm-os tho oxide to tho niotiillic state A similar reduction takes place when 
the clilondi- is boiloil with glucose and aqueous carbonate of sodium , and tins pi-occss 
IS Teeommeiiib'd by Bottger (Gompt rend xl 969) for ubt.nnmg pure silver from 
the chbn-Kle, iUbteiid of tlie reduction by zinc above mentioned, innsmuch as, if the zinc 
cuiitnins le.i.l. which is frequently the case, that metal, heme insoluble in dilute 
sulpluirie .n 111, will rem.im mixed with the silver Brunner (I pr Ghem xci. 261) 
adds chloiide of silvr r dissolved in ammonia, by drops or in a fine Biroam, to a clear 
boiling solution of t pt glucoso and 3 pts. crystallised sodic c.srbuiuitB in 40 pts 
water, keeping np the boiling without iiitennission C. A. Muller f Jtihresher 1864, 
p. 285^ eifeets tho reduction — a By boiling 6 pts silver-eliloride for half an 
hour with 9 pts soda-ley, of 1-.333 specific gravity, li pts clarified honey, and 8 pta. 
water, b. By digesting 6 pts. silver-chlornlo m tlio cold with 9 pts sodii-loy, 4A pts. 
honey, and pts ammoiim ( specific gr.ivity 0 926), or t By digesting 5 01-6 pis 
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Bilver-oUoride at 25“ for a month 'With 60 pts, ammonia and 9 pis. honey (See also 
H Vogel, J pr Chera. Ixxxvi 321, Jahresh 1862, p 223) 

Argentic chloride quieldy acquires a dark greyish-nolet colour when exposed to 
hght, the change being due to a partial or, according to some authorities, a total separa- 
tion of the chlorine The most probable Tieiv, first propounded hyWeUzlar (Gindin’s 
Handbook, yi 161), is that the reduction is only partial, resulting in the formation of 
a subchloride of silver. According to H. Vogel (Po^g Ann, cxix. 497 , Jahresb 1861, 
p 286), the dark-coloured compound is the hemichloride, Ag^Cl, and is exactly 
similar to the product obtained by treating argentous oxide, Ag^O, with hydrochloric 
acid. The reduction is retarded by strong sulphuric or nitnc acid, and by ferrous salts 
(which absorb tho chemical rays), and completely arrested by fuming sulphuric acid or 
inercui'ie chloride In a solution of argentic nitrate, on the contrary, it takes place 
more quickly than lu the air or under pure water, and the reduced chloride is mixed 
with a small quantity of metallic silver, residting from reduction of the aqueous nitrate. 
Paper charged with argentic chloride is very sensitive to iight, and is the material used 
for positive photographs, the unaltered chloride being afterwards removed by a solution 
of sodic hyposulphite fm. 693 , iv. 626) 

Amrnmno-cUondo of Silvir — ^Dry chloride of silver slowly absorbs amnioma-gas to the 
amount of 17 per cent , forming tho compound 3NH'.2Ag01, which easily gives off its 
ammonia when heated, and may therefoie ho used for tho pvopar.ition of pure um- 
monia-gas — or of liquid ammonia, if heated in a sealed tube Fused chloride of sdver 
takes up only a very small quantity of ammonia (H Bose) — Biitui'iitod solution of 
argentic chloride in ammonia, left to stand iii a vessel not perfectly closed, deposits 
rhombic crystals of tho ammomo-chlorido, often a quarter of an inch long. A dilute 
solution deposits pure argentic ohlondo (Faraday) The amraouuical solution is 
quickly reduced by zinc and copper, tho silver soparatinir as a grey mossy powder. 
Lead acts in tho same manner, but slowly ; antimony and cadmium imperfectly, iron, 
hismulh, and meroui’y, not at aU, (Fischer ) 

C’/iloi ide of Sihci and Ammomum, w Anmumo-m gintic CMoride, {NII*)01 AgCl, may 
be obtained in crystals by placing a solution of 8.d-ummonmc in one turn of a U-tube, 
a solution of argentic nitrate in the other, tho two beiug piovauted from mixing by a 
plug of nsbestos in the bend of the tube, and connecting them by an arc of silver plate 
or wire , tile end dipping into the sal-ammoniac hocomes covered after a while with 
tetrahedral crystals of the double salt (Beequorel, Gmclm’a Handbook,! 401) A 
solution of .irgeiitio chloride in boiling aqueous sal-aiumoniae deposits, on cooling, 
nothing but .irguiitio cblovide 

Bai 10- and Boiassio-ai geniic Chlorides are likewise obtained in tetrahedral crystals 
by the olBetrolytio method just described (B eoquorel ) 

Sodio-aigenite Chlonde separates on coolmg from a solution of argou tic chlondoin a 
hot saturated solution of common salt, m cubes, having the siinio form and aspect ns 
those of common salt, hut blackening when exposed to hght A more dilute sidt-solu- 
tion hko^vlse dissolves chloride of silver when hot, but deposits it unchanged on cooling. 
Tho crystals of the double salt are resolved by a sufficient quantity of water into ar- 
gentic chloride, and a solution of sodie chloride (Wotzlar ) 

Osmw-atgenito chloride, 2AgC1.0sCl'', is produced on adding silver-nitrate or an 
ammoniaoal solution of silver-ohloride to a solution of sodio-osmie chloride (iv. 243), as 
a dingy greyish-gi eon precipitate, wliieti, in contact with ammonia, is converted into 
the minium-euloured compound 2AgCl OsCl'.2NH®. (Claus, Jahresb 1860, p. 216; 
1863, p 299.) 

Xlemlchloride of Silver, or Argentous CMoride, Ag’Cl — This compound is 
most readily formed by treating argentous oxide with hydrochloric .acid, or by precipi- 
tating a soluble argentous salt (the eitr.ito, for example) svith common salt Its for- 
mation by the action of light on argentic chloride has been ah-endy moiitioned 
According to WetzliU’, silver-leaf immersed in solution of feiric or enpne chloride is 
quickly converted mto hromi lamina; of argentous chloride, which must he immediately 
taken out of the liquid and washed with water, as otherwise they will he converted 
mto argentic chloride Aigentons chloride is also foimed on hrmging silver m 
contact mtli solution of sal-ammoniac, or ot eupiic clUorido containing that salt 
jb'geiitous elilorule heated to the temperature at winch argentic dilorido melts, is 
rc'.olvod inlo the latter compound and metallic silver, tlio same decomposition is 
quicldy produced by the action of ammonia 

SZXtVSB, CKlOiaOBROIffilBIS OF. The chloride and bromide of silver occur 
crystnlhsed tugethor, in various proportions, in cubes and cuho-octahedroiis, nlso 
maSHve Tho luiuerals thus constituted varjy in haidneas from 1 to 1 6 , in specific 
grai ity from about 6’75 to 6 2 , and have an olive or greyish-grcoii colour, with lesmouii 
and somewiiat adumantiuo lustre. 
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Analiises—a £'mAoWcfromCliaHamno,mChile(PioId,CIietti Sos Qu.J.x 230) — 
h The Bdme (_Pield) — 0 Tho a.«n,e, from tl\B Colorado mine, near Copi.ipo lugul.irly 
crystallised, specific gravity = 68 (Plattnex, Pogg. Aim Ixxvii 134, Ixxviii 
417) — d. Clrniiarcillo (Pield) — e A/u/aAiMiii* , from Chile • eiystiiUised lu cubes and 
octahedrons, green, apteifie gravity = 8 234 (Biehter, Eaiiim Miuemlcli p 989) — 
/ Microlt) omiie, from Copiapu, grey-gieui, becoming darker cm oxposiu’a to bght; 
specific gravity = 6 75—6 76 — 



AgTlrCP Ag^Br-CP AgWCl Ag'BriCP Ag'BrOP 
16 84 19 82 20 09 33 82 20 19 12 40 

14 02 13 18 13 06 6 00 9 32 17'66 

68 22 66 94 66 86 61 07 04-19 70 04 

99 98 99¥4 100 00 99 89 100 00 100 00 

SliVaii, SSTBCTIOir AWU ESTIMATIOW OS’. 1, Reactions in the 
dri/ way — Bilver eompomids mixed with sodiecarbonateiand heated upon charcviil by 
the inner flame of the blowpipe, arc letlnced, yielding biilliaut white metallic globules, 
without any iucinstrtion of tha charcoal. Heated with borax in the outer flame on 
platimim-vnrc, they aie partly reduced and partly dissolved, yielding a while opaline 
glass With vnaocoamo salt they yield in the outer fliimo a yellowish glass, winch 
becuiues opalmo when the araoniit of silver is large By daylight this glass appeai-s 
yellowish, ,uid by candlelight reddish 

2 Reactions in Solution. — The most characteristic reiiotiou of saline silver- 
componiicls in solution, is the formation of silt oi -chloride Silvor-salts which are 
insoluble iii water may generally be dissolved by nitric acid, and the solution gives tho 
same re.ictioiib as tlio soluble s.iltB 

Ht/droihlono acid and sohdih chloudes produce a whita curdy precipitate of silvor- 
I'lilorido, which is insoluble in boding water and in dilute mtrio acid, but is readily 
dissoliod by auimonia On exposure to light it gradually acquires a molot tinge, and 
ovciituaUj becomes black The admixture of a siiiall proportion of meiciirous ohlorido 
pi'ovents or reUrda the coloration of silver-chlorida ou exposure to light. In very 
dilute solutions of silver, the separation of tho chlowdo precipitate takes place but slowly, 
and they piescnt for some time a whitish opaloscont appearance 
A precipitate of lead-chloridc is distinguishable from silver-ehlorido by its solu- 
bility m boiling water, a precipitate of mercurous cliloiide is distinguishable by its 
insolubility in iiramoma, and by turning black with that reagciit, 

PoiassiiintrioduU produces a slightly yellowish- whito piocipitate of silvor-iodide, which 
13 soluble in excess of tho reagent, veiy sparingly soluble in ammonia, and insoluble in 
dilute nitric acid 

PotubbUm-cyanide produces a white curdy precipitate of silver-cyanido, w-hicb is 
readily soluble in excess of the reagent, and insoluble lu dilute acids 

Sii/p/iydno acid and ammonium-su/pkide produce a black precipitate of silver- 
siilpliide, which is insoluble m ammonmiu-bulphklo, in dilute acids, and in am- 

Auimonin or potash produces in neutral silver-solutions a brotvn precipitate of silver- 
oxide, winch dissolves very readily in ammonia and in ammoniaeal salts 
Alkaline cat Imtaies produce a white precipitate of silver-carbonate, which is soluble 
lu ammonia and carbonate of ammonium 

Sdihc phosphite produces m neutral solutions a yellow precipitate of tribasio silver- 
(ihospliate, which is soluble in ammonia and nitnc acid 

O.itdic acid produces in neutral solutions a white precipitate of silver- oxaUte, which 
IS soliiblo m aiiiinonia, and sparingly in intne acid. 

Pot nkstvm-chro mate piodnees a dark-brown precipitate of Bilver-ohroniate, which is 
slightly soluble in water, and soluble in ammonia and dilute mtrio acid 

Stannous uMoride m excess produces a brownish-black precipitate of metallic 

Foioiis sulphate produces m neutral solutions a white precipitate of metaUio 

Ziai- produces a precipitate of metaBic sdver , it also separates silver from silver- 
chloridc in presence of water. 

3 Estimation and Separation — Silver may ho separated fi-oiu most other 
metals, and estimated with great precision as chloride. For this purpose the sub- 
stance IS to be dissolved either in watir or nitric acid, the solution muced with a slight 
excess of nitnc acid, and with hydroehloric acid, as long as any precipitate or miUtiness 
13 produced, then waimed in a dark place until the precipitate lias separated, and the 
liquid has hecomo perfectly clear. The ehlondo is then collected upon a filter of known 
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weight, washed with acidtilatod water, dried, and weighed This is the most accurate 
hut also the most troublesome plan of weighing The filter may he burnt, but in that 
case it IS necessary to bum it after having separated tlie precipitate from it, so as to 
prevent as much as possible the reduction of silver The small poition of chloride 
which cannot be detached from the paper is decomposed, and remains ns silver in the 
filter-ash The slight error which would be caused by weighing tins ns eblondo can 
be rectified by warming the ash in a porcelain crucible with a few drops of nitric acid 
for soma minutes, then adding hydrochloric acid, and evaporating to dryness The 
remamder of the chloride may then be added, the whole heated tiU it begins to melt, 
and then weighed. (Compare i 904 ) 

Silver may also be estimated as cyanide by adding potassium-cyanide to the 
solution, until the precipitate, which is at first produced, is redissolved, then adding 
nitric acid in alight excess, and warming The precipitated silvor-cyanide is collected 
on a weighed filter, dried at 100°, and weighed 

Eshmatvin as Metallie Sdver — In the case of silver-salts from which the metal is 
reduced by simply heating them, this method of estimation may be conveniently 
adopted The aubstauee should be gradually heated in a porcelain cruetble tdl the 
whole of the carbon is burnt 

Vdlumatnc Estimation of Siloer — The readiness with which silver-chloride snhaides 
in a liquid from which it is precipitated admits of the point of perfect precipitation 
being observed with great precision. (See Silyeb Assa.t ) 

The separation of sdver from other metals and their salts is gcner.illy unattended 
■with any difhoulty From Boliitions containing sine, manganese, non, muled, cohaJi, 
ooiiper, bismuth, cadmium, gold, p’atmum, it may easdy bo separated by precipitation 
as chloride From lead it may be separated in the same ■way, when the proportion of 
le.id to silver is not large Or both metals may bo precipitated as cyanides, the silvcr- 
oyiiiiido dissolved by an excess of the reagent, the insoluble lead-cyanide separated 
by filtr.ition, and the silver-oyaiiulo precipitated from the solution by nitric acid Or 
the neutral solution may be heated with an alkaline formiate, luitil there is no longer 
any evolution of carbonic acid Silver only is reduced, and may be collected by 
filtration, ignited, and weighed 

Fiorn mercuiy in the state of mercuric salts, silver may bo easily sepiiiated .is 
chloride 'When silver is associ.itod with mercurous compounds, it is best to convert 
them, by heating with nitric acid, into meroiuac compounds, and then precipitate the 
silver as chlorido. 

From tin, antimony, arsenic, or •merenry, tbo best method of separation is to pre- 
cipitate the metals us sulphides, and heat the preeipitalo carefully in an atmosphere 
of ehloriiio gas, giMdually laising the temperature to dull redness, so as to distil off 
the volatile chlorides The silver-ohloritle remnming may bo weighod, or the silver 
reduced by heating it in a current of hydiogon gas 

4 The atomic weight of silver has been determined in connection with those of 
ehlorme and potassium (i 905) Stas obt.iiiicd, us the mean of a great number of 
experiments conducted hy different processes, the number 107 943 (i 456). B II P 
SII.VBB, FAHIi-OKB. Rpl) iKTlUHlaDRlTn 

SiiiVZSK, rSiUOXtlBB OS'. Ai gentle Fluoride, AgF. Produced by dissolving 
argentic oxide or earlionate in aqueous hydiofluoric acid Tho solution when evuporatod 
in a vacuum, or concentrated over the wntei-bath, and then left to stand, deposits large, 
transparent, colourless, lurd prisms, mostly .iggregnted lengthwise, consisting of tho 
hydrated fluoride, AgF 2H-0 (Prduiy, Jahieshor. 1860, p 87. — Pfaundler, i/iaf. 
1802, p 306) Marignac, on the other hand {ihid 1867, p 129), obtained the 
fluoride m quadratic octahedrons, containing AgF H“0 The dehydrated crystals are 
deliquescent, and when loft over oil of vitriol, especially in a vaeuuni, give off water 
and bydi’ofluonc acid, and aio converted on the siirfaco into .i yellow oxyfluonde 
(mfra) When fused, they give off their watov and leai e the mihydrous fluoride AgF — 
not, however, quite piiru. iniisiiiiieh ns hydiofluoric acid and oxygon are given off at 
the same time (Pfnundlor) When chlorine gas is pissed oior fused silver-flnuiide, 
chloride of silver is formed, and fluorine is set free (ii 67.3) The aqueous solution of 
silver-fiuoride gives with hydrochloric acid a precipitate of chloTide, and with potash a 
precipitate of oxide of silver. It is easily decomposed also hy organic acids, yielding 
precipitates of the corresponding silvei-salts, which are in this way more easily pre- 
parod than from the ordinary solution of argentic nitiate, inasmuch as they are much 
less soluble in free hydrofluoric than in nitric acid (Pfanndler ) 

Argentic Oxi/Jliionde, Ag'F’OH-'O or AgF AgHO. — This compound is formed 
when a solution of tbo fluoride is strongly eoneontrated over the water-bath , also, ns 
already obaoivod, when the crystals of the hydrated fluoride are left to stand over oil 
of vitriol It foinib br.iss-yollow cryslalhue sp.iiiglos, which dissolve in water with 
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S(‘Piiratioa of argentic oxide. The solution gives with carbonic acid a precipitate of 
argentic carbonate, whereas a solution of the tluonde is not precipitated by a stream 
of tlie gas (Pfanndler) 

SlliVSn, ruiimHBrATIOTC-. A detonating compound, discovered by Ber- 
tlioUet. To prep.ire it, bilver-oxido recently precipitated from the nitrate by liiue- 
watcr, and freed from excess of moisture by pressure between filtoniig-paper, is treated 
with strong aqueous amnioniii, and left to itself for twelve hours , more ammonia is 
then poured upon it, to dissolve tlie fllin which has formed on its surface ; tlie liquid i» 
decantfd, and the still moist fulminating silver is divided into very small portions, 
and left to dry (EcrtholletJ Paraday prepares the compound by treating silver- 
oxido with a mixture of caustic piotash .ind ammonia. It is also said to be obtained 
by precipitating a saturated ammoiiiaeal solution of silver-chloride with caustic potash. 
It is an exceedingly dangerous compound, exploding with tho gi-eatest violence, when 
dry, on the slightest friction, and often even in the moist state, from unknown causes. 
Heiieo its composition has not been ascertained with certainty. By somo it is sup- 
posed to bo a eompound of argentic oxide and ammonia, while others regard it as an 
tunide or a nitride of silver. 

The ammoniacal liquid decanted from fulminatmg silver sometimes deposits black, 

, metallic-shiniiig, explosive crystals These are, perhaps, the pure fulminating silver, 
tho ordinary pidverulont product containing also admixed silver-oxide ormetallio silver 
(naiiclw. d. Chem, vii 961 ) 

SIIiVZiB, HOBKT. Native chloride of silver. 

SIZiVEB, lOQZZ>EB OF. There appears to he hut one compound of silver and 
iodine, VIZ. argentic iodide, Agl. This compound occurs native ns or 

lodvnte, in hexogonal crystals, exhibiting the combination oP coP 4P ‘2P JP 
Length of principal axis = 0'81438. Anglo oP . P = 136° 46' Cleavage basal, 
higlily perfect It occins also in thin flexible plates, with lamellar strnotni^ It is 
sott and sootile ; has a spociflo gravity of 0 S04 , yellow or yellowisli-graeu colour, 
yellow streak and resinous to adamantine lustre , translucent. It melts easily before 
the blowpipe to a grcyish-y’ellow mass, colouring tho flame red, and on charoum leaves 
11 bead of advor. (Desoloizeaux, Ann Cb Phys [3]xl) 

lodyrite is found at Ahurradoii in Mexico, at Los Algodoues in Coquimbo and at 
Chaii.ueillo, Chile, and at Guadajara m Spam, Tho following tire analyses of 
specimens from Los Algodonos- ii by Domeyko (Ann Min [4] vi 163), h by 
Itamour (i4td. [6] iv. 329), <t. and d by Smith (J. pr Chem Ixui 467) 

lodme . . — 64 03 62 93 63 11 6103 

Silver . . . 46 26 46 7 2 46 62 46 38 46 97 

99 7'6 9945 90 49 100 00 

Argentic iodide is produced by heating silver with iodine, and as a precipitate on 
nii.-ting a solution of argentic nitrate with hydinodic acid or a soluble iodide , also by 
the action of iodine on a solution of argentic nitrnto. 

■When strong by driodic acid is poured upon silver, (ha metal dissolves, with evolution 
of hydrogen, till the acid is saturated on heating tho hqiiul the action begins again, 
and the solution on cooling deposits large colourless erystulline liimma? of hyibo- 
argentie iodide, Agl.HI, which however quickly decompose on exposure to the air 
The decanted mother-liquor yields, on standing, hexagonal prisms of argentic iodide 
very much like the native compound. When silver is immersed m a mixture of 
hyilriodio and hydrochlono acid, nothing hut argentic iodide is formed; tho same 
compound is also formed, with rise of temperature and evolution of hydrochloric acid, 
wlion argentic chloride is immersed in concentrated hydriodic. ucid When silver is 
plunged into iodide of potassium molted in a porcelain cruciblo, argentic iodide is 
formed, and the potassium is partly oxidised, and dissolves a portion of sihca 
from the crucible, sometimes also the potassium reduces a small quantity of silicon. 
(H St Clairo Neville, Compt rend xlii 894) 

Precipitated argentic iodide has a specific guivity •= 6 02 (Karston) , 6 61 
(Bo nil ay) When precipitated with excess of potassium-iodide, it has a' pale- 
yellow colour, and is scarcely affected by light , but when precipitated with excess of 
silver-nitrate, its colour is darker, and is changed by light to a pale-grey, or, m 
presence of silvor-solution, to a deep grecnish-hlnck groy This change of colour is 
not attended with liberation of iodine, and does not indeed appear to depend on a 
chemical action It is retarded by acids ; and nitric acid restores the origmaf colour of 
the iodide without dissolving out any silver the colour is also restored by lodido of 
pot.issiiim (Vogel, Jahresb 1863, p, 23 'I On the use of argentic iodide m photo- 
graphy, SCO Liqut, CHiffluoii. Action op (ui 693), and Puotooiiaphv (iv. 625). 
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ArgPiitie inSido roBemblag the bromide and cUorida in most of its chemical 
relations It is iusolnble in water and dilate acids, and scarcely soluble lu ammonia, 
1 pt of it requiring, for solution, 2,600 pts of aqueous ammonia of specific gravity 
0 1)6 (Martini), It is insoluble m cold solutions of alkcdinec chlondes, ani hot 
solutions dissolve only traces of it, m concentrated solution of ;potassium-iodide, on 
the contrary, it dissolves abundantly, the solution when diluted with water yielding a 
precipitate which contains the whole of tlie silver; it dissolves slightly in /ijyusiil^AiVe 
of kodmm, and is piecipitated therefrom by iodide of potassium (Ifield, Zeitschr. Ch. 
Pharra 1861, p 126.) 

Argentic iodide assumes a deep yellow colour when heated, becoming pale again on 
cooling At a low red beat, it melts easily to a dark red liquid, which, on coohng, 
solidifies to a dingy yellow trauslucont mass, exhibiting a granular fracture 

Chlorine passed over argentic iodide at ordinary temperatures immediately turns it 
white, and on gently heating it, iodine is given off, and pure argentic chloride 
remains behind The iodide is not decomposed by phosphoric or by dilute nitric acid, 
hut when heated with strong mtrm or sulphww acid, it gives off iodine It dissolves 
easily in solution of mercurous mtiate By fusion with alkalis, and by the action of 
emc, &o in presence of ddute acids, it is docompoaed in the same manner as the 
chloride. 

Argentic iodide heated with solution of argentic nitrate forms the two double salts, 
AgI.2AgRO* and Agl.AgHO^ (rv. 106) 

Argentic iodide (not fused) absorbs 3 8 per cent, ammonia forming the compound 
2AgI.NH“ or Agl (NH«Ag)l, which gives off its ammonia again on exposure to the au’ 
(Eammelsberg.) 

Argento-potassio Iodides. — A hot concentrated solution of potassic iodide partially 
saturated with argentic iodide, aoh.difl.es on cooling to a crystalline mass of the salt 
Agl2ia; but if the solution be completely satiuMted with argentic iodide at the 
boiling heat, it deposits thosalt Agl KI, which may be crystallised from hot <ilcohol 
without decomposition The crystals turn yellow in drying, and bliio on exposure to 
light (Bo 11 ay, Ann Ch Phys, [2] xxiv 377). Both these salts are decomposed by 
cold alcohol and by water 


SZI.VX1U, XOSOBROiaiBS OF. Said to occur uativo in Chile (Dana, ii. 
600 ) 


SIZiVSR, BTATIva. Silver occurs in the metallic state more or lcs.s alloyed with 
gold, platinum, copper, and other metals, in cubes, octahedrons, and moiiometric forms , 
alsu in masses, or in aiborescent and filiform siiapea, traveising calespnv, quartz, 
gneiss, slate, &e. Hardness = 2 5 — 3 Specific gravity = 10 1 — ll'l Lustre 
metallic Colour and streak silver-white, bscoming greyish-blaok by tarnishing It 
is most abundant in Peru, where indeed most of the silver occurs in this state • found 
also in Mexico, and in smaller quantities at several localities in the Tliuted States 
Very fine specimens are found at Kongsberg, m Norway. It occurs also in some of 
the Saxon and Bohemian mines, and in small quantities at Andreusherg in the Hartz. 
in Suabia and Hungaiy, at Allcmont in Dauphiny, near Beresof in tlio Ural, iit 
Schlangenberg in the Altai, and in some of the Goinish mines Horn-silver and 
silver-glance occur as pseudomorphs after native silver. (Dana, li. 15) 

sriTHilBE OF. Bertliollet’s fulminating silver is sometimes re- 
garded as a nitride or amide of silver (p 300) 

SZIiVEiZl ORFS. Minerals containing silver ns an essential constituent, and 
available for the metullurgie extraction of silver when they occur in sufflciont quantity 


Broraaigyrite or Bromynte, AgBr 
Bronginardite, 2(Pb, Ag2)S Sb'S» 
Discrasito, Ag*Sb 
Emholite, Ag(Cl ; Br) 

EukairUe, (Ag- , 0u2)S6 
Prsihergile, 4Ag-S Sb^S’, and other so- 
called Palil-ores, containing silver to- 
gether with copper .and lead 
Proieslebemte, 5{Ag^ .Pb)S 2SVS®, and 
the allied mineral Kenngottite 
Hessito or Telluric Silver, Ag-'Te. 
Horn-silver, AgCl 
lodavgynte, Agl 

Miargynlo, Ag-S . Sb’S®, and the allied 
inmemls Hypargyrite, and the Fire- 
blendcs ‘ 


Naumannite, Ag’Ro 
Polybasite, OAg’S Sb=S’. 

Proustite, SAg’S As*S" 

Pyrargyrite, SAgtS Sb'S’. 

Solbito, Ag'O CO^ 

Silver-am^gam, Ag*Hg 
Silver-glance or Argentite, Ag=S, also 
Acanthite, which the same compo- 

sition, but crystallises intrimctricfoims. 
Stophimite, 6Ag S . Sb’S’ 

Steinbergite, 3(Fe , )S Fe'S’ 

Stromeyerite, or Silver-eopper-gluiice, 
(Ag=, CiPlS 

Xanthoeonc, 3Ag’S As”S“ + 3Ag'S . As’S® 
or Ag’AsS® Ag“AsS^ and the allied 
mineral. Riittingeritc 
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M.iuy other minerals— as lead, copper, iron-ores, &c — are also regarded ns silver- 
ores, when they contain a safficicnt quantity of silver for profitable extraction (p. 279). 

SIl^VES, OXIDBS OP. Silver forms thi-co oxides, represented by the formulffi 
Ag^O, Ag*0, and Ag'*0-. 

Kemloxldo of Silver, or Argentoun Oxide, Ag'O Suhoxide or Quadranlnnde of 
Silva — This oxide, discovered liy Wohler in 1939 (Ann Ch Pliarm xxx l),isob- 
Limed by passing hydrogen-gas over argentic oxihitc, mollitate, or citrate heated to 
100°, half the acid being then set free, and n dark-brown argentons salt remaining. 
The free acid may be removed by water, ivliicli dissolvcdf/only a small quantity of the 
argentuus salt, but forms a hrowii-ied or portwine-colonred solution Ai'gentous salts 
are also produced in some mstanees by pa-sing hydrogen into amraoniacol solutions 
of argentic salts (Wohler, Ann Ch Pharm cxiv 119) I? torn the solid salts or their 
solutions, the argentons oxide is separated by caustic potash as a black precipitate 
According to Q-onther {ibid. cxiv. 121), argentons oxido is formed by the action of 
oiiprous hydrato on solutaon of aigeiitie nitrate Wohlor (ihtd, ci 363) has also 
obtained it, mixed with metallic sUver, by repo.itodly boiling argentic arscuite with 
soda-ley. 

Argentons oxide, when pure, does not change coloim in drying, and does not acquire 
metallic lustre under the burmaher. Hydrochloric noid audliydrobromie acid convert 
it into argentons chloride and bromide respectively. By oxygen-acids and by ammonia 
it IS resolved into argentic oxide and raetiillie silver. 

Acoovcling to jParadny (Ann. Ch Phys [2] ii 107), a solution of argentic oxide in 
ammonia deposits, on exposure to the air, a body which is grey by rofleotcd light, bright 
yellow in thin layers by transmitted light, and molts when heated, giving off 0x3 gen, 
and leaving metallic silver 

Protoxide of Silver or Ariroutlc Oxide, Ag‘0 This oxide is obtained in the 
pure state — 

1, By heating argentic caibonate to 200’’. 

2 By cleoompo.siiig a sohitioii of silver-nitrate with caustic .ilkulis, certain precautions 
being, huwevor, necessary to prevent the simultnneous forniiition of oarbouate, a. The 
t Iver-solutioii isponrod into a Iiot saturated solution of hurjta, 111 sucli quantity ns to 
leave the liquid with a distinct alkaline reaction , and the precipitate is left to settle in 
a corked flask, then drenched with cooled de-aocated water, in closed vessels The 
oxide thus obtained is a bromi powder, becoming black when dried at 60° or 70° — 
iS. By mixing concentiated hot solutions of potash and argentic nitrate, the oxide is 
at once obtained in the fonn of a black powder, which settles down quickly and is easy 

,3 By precipitating a cold solution of argentic nitrate with hydrochloric acid, washing 
the precipitated chloride with cold water — Uien levigating it with a small quantity of 
water, and pouring it into boibng potash-ley of specifio gravity 1 25 to 1 3, so slowly 
as not to interrupt the boiling, the ai’geutic eUloride i,s deoompoaod, and the pure oxide 
IS obtained as a soft bluish-black powder If it be not completely soluble m mtrio 
acid, it must be tiiturated in a porcelain mortar with fresh potash-ley and again 
boiled. 

1. Argentic oxide is also formed when silver is veiy strongly heated in the oxy- 
hydi ogen flame, or in the eloctrie arc 

Argentic oxide is a brown or black powder of specific gravity 7 US (H crapatli), 
7 250 (Boulluy). According to Bine an (Conipt rend xli 609), it dissolves in 3,000 

E ts. of water,formingasolntioii which yieldsiipreoipitate with chlorides and phosphates, 
as a faint alkalino reaction, and a uauscons metallic taste Argentic oxido is a strong 
base, and neutralises acids completely, forming the argentic salts. According to H. 
Rose (Pogg Ann Ixxxv 304), the recently precipitated andstill moist oxide absorbs 
carbonic acid from the .nr. After drying at 60° or 70°, it is anhydrous It gives off 
11 certain quantity of oxygen at 100°, also when exposed to .sunshine , but whether 
argentons oxide or metallic silver is llieroby produced is not exactly known At a 
sti ongcr beat it is quickly re.solved into mebilhc silver and oxygen. 

Ai'gentic oxide is easily reduced by oxicLiblo substances According to Bottger 
(J pr Cbem xc 32), the following substances are set on fire when triturated with it 
in the dry state, even on paper — sulphide of gold, black snlpliide of antimony, realgar, 
orpiiiient, milk of sulphur, selenium, amorphous phosphorus, and taunie acid Creosoto 
also burns viuth scintillation when ilropped on dry argentic oxide. The oxide is rtdueed 
to metallic silver completely by aqueous phosphorous acid, partially by aqueous sul- 
phiiruiis aeid, with siiiiiiltanooiis formation of ai-gontie phosphate or sulphate. Under 
water it is reduced to metal by contact with zme, tm, or copper, but not by iron or 
nicrciiry (^Fischer). Aqueous liypochlorous .icid converts it into argentic eldoride, 
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with (>vnlutioii of oxygon (Balard) It is not altered by potash-ley or soda-ley, 
bat strong aqueous ammonia converts it into fulminating silver (p 300 ) 

Peroxide of Silver or .Argentic Dioxide, Ag-0’. — Discovered by Eitter in 
1814 It is framed when a concentrated solution of argentic nitrate is elecLrolysed, 
with two thick platinnm-wiios for poles, and is deposited in crystals on the positive 
pole, while metallic silver separates at the negative polo. The crystals, however, always 
contiin argentic nitrate, eitherm eomhinatioii or medianically enclosed (Fischer, J 
pr. Chem xxxn, 108. — Gmelip imdMahla, Ann Gh Phaim.kxxii 289). Accord- 
ing to Schonhein (J pr Cliem. xli. 321, Ixxiv 324), pure argentic dioxide may he 
prepared by the action of ozone on pnlvomlent silver It dissolves in cold nitric acid, 
to a deep brown liquid, which remains undecomposed at ordinary temperatures, deposits 
the dioxide when considerably dilated with water, and is resolved hy heat into oxygen 
and argentic iiilrate. 

Ai'gcntic dioxide, when e.-intiously heated, gives off oxygen, and leaves tho protoxide; 
hut when quickly heated to 110°, it suddenly gives off oxygen with slight explosion 
Hydrochloric acid converts it into argentic chloride, with evolution of clilorina When 
tlirown into ammonia, it rapidly eliminates nitrogen gas, and runs about in the liquid 
till It is dissolved. Sulpluu’io and nitric acid convert it into argentic salts, witli 
evolution of oxygen Hydrogen reduces it only when heated, but then with slight 
explosion When tliruwa into hydric peroxide, it is quickly resolved into metallic 
silver and oxygen. 


SIliVEB, OX'V’G'ET9'>SAIiTS OP. Silver forms two classes of oxygen-salts, 
coiresponding with the argentic and argentous oxides. The argentic salts are 
formed by dissolving metalho silver in oxidising acids, orhy double decomposition. The 
nitrato, chlorate, and porchloiate are easily soluble in water, the rest are insoluhlo or 
spiuingly soluble Tlieir reactions have already been described (p 298 ) 

Aigentous salts are produced by the action of reducing agents on argentic salts 
Wohler originally propiirod them hy gently heating aigentio salts in a current of hy- 
cliogen (p. 309) In many cases, however, they are more easily obtained by passing 
hychogen gas into an iimmomncal solution of an argentic salt heated to about 90° , in 
this niimnsr Eautenberg (iVnii. Ch. Pliiimi cxiv 119) has obtained tlio chromate, 
molybdate, and tungstate — Argenimis chromute is thus produced, even ut ouhnnry 
temporutures, mixed, however, witli a. little metallic silver (to which it is completely 
reduced at 50°) It is a black powder, which is immediately reddened and dissolved 
by strong nitric acid , dilute nitric ncid dissolves it with green colour, the chromic and 
being reduced to ehronuo oxido — Argentous mob/hdutc, Ag‘0.2MoO*, has been alieady 
fleseubed (m 1041), — A) qe^iiovs tungstate, kg'O iVf O', \s & black gUttornig powder, 
winch under tlie imeroscope exhibits ciystals apparently with rliombie faces Nitric 
acid dissolves the silver from it, separating yellow l.nngstie acid , potash, on the other 
hand, extracts the tungstic and, and separates argentous oxide. An ammoniacal solu- 
tion of argentic arsenate is turned brown by hj drogen gas, and very slowly deposits a 
small quantity of a black powder A solution of ferrous sulphate immediately reduces 
argentic iirsoniate and tnargentie phosplnite to a black powder, consisting of aigentous 
oxide mixed witli metallic silver; argentic oxalate is reduced by the same solution to 
metallic silver, (Jalirosb 1880, p 200 ) 

A solution of arqentous ciUate or meUitate decomposes gradually on exposure to the 
ail, and immediately on boiling into metallic silver and argentic salt The same salts 
dissolve easily in ammonia, forming a yellowiah-red liquid Common salt added to 
thi-o solutions tlirows down brown argentous chloride. 


SILVER, PHOSPHIDE OP. When phosplionis 13 thiown upon melted silver, 
a phosphide is framed, from wliicli part of the phosphorns sc]^iiii,ites iis the fused mass 
Boliditles, and then biums in tlio air Phosphiile of silver is also turinod by fusing 
silver with glacial phosphoric and and cliivrcoal (P ell etier), or nrgeiitio phosphate 
with charcoal (Land grebe) The phosphide obtained by the first and second 
methods is white, granular, and cryst.ilhne, splits under the hammer, lint may he cut 
with a knife , it contains 20 per cent phosphorus (AgP requires 22 3 por cent ). 
Tlut prepared by Liiudgrebo’s method is seoriaccous, brittle, sectile, exhibits a 
silvny lustre when filed, and contams 33'2 per cent, phosphorus (AgP® requires 38 4 
per cent.). 

When finely divided silver is gently heated in phosphorus-vapour, a blackish-grcy 
phosphide, AgT®, is obtained, of specific gravity 4 b3, easily soluble in dilute nitric acid, 
iiiBolublo in hydrochloric acid it is difficult to prepare, as if the heat applied is rather 
too high, some of the phosphorus is driven off. When a solution of silver-nitiiitc is 
treated with pliosphoretted hydrogen-gas, a precipitate is formed, which, according to 
Landgroho's somcwliat doubtl'ul .statements, is a phosphide containing 15 per cent. 
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plioajphonis, agreeiog neariy with tlio formula According to H. Eoso, howoror, 

it consists of pure suvor (Handw <1 Ghem vii. 968.) 

SII.VBS, KISD, or BVB'X'. This name meludos two silvoi-ores, both consisting 
of argontic sulplia'litimonitps— viz . diirk-ied silver-ore, or pyr.irgyrito, 2Ag-tiSb-8‘, 
(it. 740), and bght red silver-ore or piuiistite, 2Ag-S Sb-S' (iv. 761). 

SIX.VB11, SSZiEirzBS OP, Ag^So Sihor .acquires a black tarnish by contact 
With tho vapour of selenium, seleuioua acid, or seloiihjdrie acid The coinpoiiud is 
easily formed by melting silver .ind selenium together Seloiiliydiie acid passed into a 
Boliition of silver, forms a black precipitate, which becomes diu'k-gray when dry, and 
melts without decomposition at a red heat, forming, when cold, a silver-ii hite soni eiv hat 
nialleablo mass. It is not completely deprived of its selenium by rousting, or even by 
fusion with alkalis or boras , lion unites with it, forming a dark-grey coinpouiid 
Selenido of silver dissolves in hoiliiig nitric acid, the solution containing argontic selenite 
On fusing tho precipitated saleiude with more selenium, it is converted into the 
diBcleuide, Ag'S“,whichnielts to a specular mass, ratavnuig its selenium on ignition, 
hut ginng it up when roasted 

Sdmuh of Silver ami Lead — The minoral nauniannite, found at TiUcerode in the 
Hartz, consists of isomorjihons mixtures of the scleaides of lead and silver It occurs 
in cubes, with perfect cubic cleavage , also massive, granular, and in thin plates ; hard- 
ness = 2 5, speciftc gravity =8 0; lustre metalhe, splendent , colom- and streak u-on- 
black. A specimen, aimlysed by (j Eose, contained 23 53 per cent Se, 65 66 Ag, and 
4 91 Pb ; another, analysed by Rommelsborg, gave 26 62 Se, 11 67 Ag, and 60 16 
Pb ( = 98 34) Tho first IS nearly PbSe. 13 Ag*Se , tho second (4 — 5)PbSe Ag^Se 

Skenide of Silver and Copper, AgCu'So or Ag’So Cu®Se. — This is the composition of 
oukairite'from Smaiund, Sweden (n 606) 

SZIiVBB, SEIiBWIOCITAWATE of. See ScLtNioovANATSs (p 220) 

SIZiVSB, SVZ.FHIDB OF. Aigaitie Sulphide, This, which is tho only 

known compound of silver and sulphur, occiu's native ass ilver-gl an eo or urgyroso, 
in enbes, octabedrons, rhombic dodecahedrons, and intormediato forms, ueoasionally also 
with faces of the trapezohrdron and trialus-oetahedron (ii 126, 126). The crystals 
are often distorted and irregiUaily dovoloped, or aggregated m tootli-shaped, stop- 
shaped, dendritic, striated, filiform, or capillary groups , it also oocm's in amorphous 
musses, and us an earthy deposit. The crystals exhibit cubic and dodeoaliedr.il 
cleavage. Hardness = 26 Bpeciflc gravity = 7 196 — 7 365 Lustre metallic ; 
coloin; and streak blackish lead-groy, opaque, fracture small, conchoidal, imevin. 
Before the blowpipe, on charcoal, it molts, swells up strongly, gives off sulphiu’uiis 
auhydndo, and finally leaves a fused button of silver Silvei-glance oooiivs in 
veins traversing gneiss, granite, miea-slato, &o , and often in very large masses, in 
Saxony, Bohemia, Hiingiuy, Norway, Siberia, Mexico, Peru, Chile, and other localities 
It is seldom found quite pure, being usually more or less mixed with the sulphides of 
lead, copper, and iron. Pure ai’geutic sulphide ooiit.iina 87 1 per cent silver 
Klaproth found in a erystalhsad spoeuneii from Pieiherg 85 3, and m a massive lariety 
from Jonchirntthnl 86 per cent silver Lmdaker found in a crystallised variety fiom 
the same locality, 14’46 per cent sulphur, 77 68 silver, 3 68 lead, 1‘5S copper, and 2 02 
iron (= 99-27) 

Acantbite is atnmotric variety of argentic sulphide occiin-ing at Joaolnrasth.al in 
the Erzgebirge, in small crystals of specific gravity 7'3I — 7'36, isomorphouswith copper- 
gUneo(ii 76). 

Argentic sulphide is formed artificially by fusing silver with excess of sulphur. 
According to Durocher (Compt rend xxxii 823), it may he obtiiiueil in the oryetalliiie 
stalo by mixing siilphydric acid gas with the vapour of lugcntic chloride Baequerel 
also obtained it erystullised by filling one arm of a TJ-tnbe with solution of potiissic 
tulpliydrate, tlie other ivitli argentic nitrate, imd connecting the two hqiuds by an arc 
of siher The end dipping into tho alkahno sulpliydrato then became covered with 
beautiful pnsms of sulphide of silver and potassium, which were giadually decomposed 
by tho nitric acid earned over to them, yielding sulphiito of potastiiira and octiiliodial 
cryBt.ils of argentic sulphide The compound is likewise formed by tho action of siil- 
phydi'ic acid on metallic silver (p. 278), and as a brown or black precipitate when 
siilphy dric acid gas is p.issed into Bilver-solutions, 

Artificial argentic sulphide has a density of 6 85 (Ifarsteii) After fusion, it 
solidifies to a ]e.id-grcj', metollio-shining, mallcuhle mass, soft enough to be cut w-iih 
a knife, and to ho used for forming medalhons with the die. Faraday supposed that 
argentic sulphido conducts electricity, like a metal, wnthout deconipositiou, its oon- 
ductuig poiver however iua-o.i&iug with rise of tomporature, like that of an electrolyte , 
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Hittorf, however, lias fcliowu (Pogg Ann Ixvxw 1) tlial. when free from me Ullic silver 
It conducts only in proportion ns it is decomposed 

Argentic sulphide is insoluble, in water, ammonia, cyanide of potassium, and dilute 
nitric acid ; strong nitric acid however dissolves it, with separation of sulphur It is 
very slowly decomposed by ignition in the air, and if tho temperutuvo is not very 
high, argentic sulphate is produced, which requires a very strong heat to decompose it 
When Ignited in hydrogen, it gives off sulphydnc acid, but it is difficult to remove the 
whole of the sulphiu' even in this way. Chlorine gas does not decompose it in the 
cold, and acts but slowly upon it when heated (H Eose). It is not decomposed by 
solution of cupric chloride, unless chloride of sodium is also present, in which case 
argentic chloride and cuprous sulphide are produced. 

Argentic sulphide may he fused in all proportions with metallic silver The fused 
sulphide IS quicldy decomposed by iron, with formation of furrous sulphide and 
separation of metallic silver containing iron. Lead acts in like manner, the 
excess of lead, however, taking up the whole of tho silver 
Arge ntio sulphide is used, in eoiguiiction with other metallic sulphides, for producing 
black designs on engraved silver ; this art is called mdlo. It has also been used as 
a hair-dyo, the hair being washed first with a silver-solution (generally ammoniacal), 
and thou with a solutiou of monosulphide of potassium. 

Arganto-ciiprous Sulphide, AgOuS or Ag'SCu'S Argentiferous Copper- 
glance Stiomeyenie — A mineral intermediate in composition between argentic 
sulphide and copper-glance, and orystallising m trimotrie forms, isomorphous with the 
latter , also ooourrnig massive and embedded. Hardness ■= 2 5 to 3 0 Spociflo 
gi'iivity "=■ 6 2 to 6 ’3. It is sectile, has a dark steel-grey colour, shining streak, 
and subooiic'lioidal fracture It melts before the blowpipe to a gray somi-ninlleable 
bead, gives with fluxes tho renctious of oojiper, and when cupelled with lead, leaves a 
button of silver. 

Analyses a. From Schlangeiihorg in tlie Altai massive (Strom eye r.Schw. J. xix 
325) — b. From Eiidelstadt in Silesia crjatallised (Sander, Pogg. Ann xl. 318) 


Sulphur 

Silver 

Copper 


16 78 16 92 

62 27 6271 

30 48 30 96 

0 33 0 24 

98 86 99 82 


S 32-0 16-73 

Ag 108 0 63’08 

Cu 63 4 31 19 

203 4 lOO'OO 


Sevoral massive grey silver and copper ores occurring in Chile appear, from the 
following analysis of Domeyko, to consist of this mineral mixed with copper-glance : 


Sulphur 

Silver 

Copper 


Ag«S30u'S Ag®S4Cu*S 
17 83 19 98 

28 79 24 04 

63-38 63 94 

^ 2 09 

100-00 100 00 


Ag’SeCiFS Ag^SOCu’S 

20 63 21 41 20 79 

16 68 12 08 2 96 

60 68 63-98 76 51 

2 31 2 53 0 74 

100 00 100 00 100-00 


Argentiosulphiclo occurs in combination with the ti-isulphidosof arsenic and autimoiiy, 
in several varieties of fahl-ovo, — ^viz , brongnnirJito, fr-eibergito, freh-shibomto, poly- 
basito, proustite, pyrargyrite, stephanite, and xanthocono, (See Sinvisa-oiuia, p. 301.) 

SIIiVES, SlTIiPHOCVAIIATB OS'. Sec SuLunooXAMA-tBS 


SXBVER, SUI.PHO-HVPOFKOSPHZT& and SVBPHOFHOSPHIXIB OF. 

See Phospkohus, Souhidds oi- (iv. 601, 602). 


SIB-VSB, XliBBtnBIDi: OF, Ag'Te — Tins compound occurs native us Seistie 
or Tellurm Stlm, in coarse-grained masses appiireiitly moiioraetac and granular 
Hardness = 2 — 3 6. Specific gi-ai ity = 8 3 — 8 9. It is slightly malle.ililo, has a 
lead-grey or stoel-gi-ey colour, and metallic lustre. Hci-ited iii an open tube, it melts 
hut does not fume. Before the blowpipe on charcoal, it molts iit a bright-i-cd heat, 
leaving a somewhat brittle button of sdver. With fluxes it forms in the outer flume u 
yellowish, in the inner flame a dark-red glass, beconuiig gioy on cooling It dibsolvos 
in nitno acid, tho solution depositing crystallised argentic teUiu-ito. 

Analgses- a. From tho Savodinskoi mine in the Altai (G. Eose, Pogg Ann. xviii 
64 ). — b Nagyag in Transylvania speeiflo gravity = 8-31 — 8 46 (Petz, ibid. Ivu. 

VoL. V X 
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470). — c. Betzbanya in Hungary; a niasaire, $ granular, witli green deposit 
{RamnialBberg): 


3G'96 SfiSO 87*76 83 0 

62 42 62 32 01 65 OG'28 64 5 

0-2 1 J9 6^ 

90 62 99‘71 lOO'OO 07 5 

The formula Ag®ro requires 37‘27 percent, tellurium and 62 73 silver 

Arqcnio-auric Telhiude., 4Ag^TpAuTe, of speciflc gr.ivity 8 72 — 8 83, found at 
N.-Igyag, eontaina, according to Petz, 34‘8S per cent, tolluruun, 46 76 silver, and 18 20 

Sijlvaniie (j ii ) or SrapAie Tdlunum, and Nugyagite or Foliated Tcllwnim (iv. 1), 
are Lkawise tellurides of gold and silver, but contain lead and antimony in addition. 

SlliVXllt, VlTItSiOVS. Native argentic sulphide 

BII.VE)B-AlGBTVZ., CUg^H (Berthelot, Bull. S oo Chim. 1866, i 180.)-An 
organic radicle, the compounds of which are obtained by the action of acetylene on 
ammoMaoal .solutions of silver salts.t 

The chlcrido, C’Ag=HCl, is a white curdy precipitate, decomposed by boihug nitric 
acid, with fomi.ation of argentic chloride Boiling hydrochloric acid decomposes it, re- 
producing ncetyJeno. It does not dissolve perceptibly in amnionio-nrgentic chloride. 

The axide, (0“Ag“H)*0 — ^This compound (hithurto regarded as aeetylide of silver or 
silver-acetylene, C-Ag-) is produced by tile action of acetylene on an ammoniaoal 
solution of the nitrate or other oxysalt of silver, washing the precipitate with ammonia, 
then with 'distilled water, &c 

Phonphate of Sdiier-acetgl is a yellow curdy precipitate, decomposed by hydrochloric 
acid, with formation of acetylene and argentic ohlonde , mtrio aoid reproduces phos- 
phoric aoid The sulphate is a groyish-whitc precipitate, exliibiting analogous reactions. 
Au ammonincal solution of aigentic benzoate tre.itod with acotylone yields a yellow 
precipitate which turns white during washing, and is found to consist entirely of’ oxide 
of silver-acetyl 

SHiVEH-GXiANCB. Native argentic sulphide (p, 304). 

S^l>VSR-?irsPIiE. A dilute ueutiul solution of argentic nitrate mixed with 
staniioiiB nitrate, or mi ammoniuo.il solution of argentic nitrate mixed with 8t.innous 
chloride, yields a brown or pnrplo-brown prccipiUto, tlio so-ealled" silver-purple,” the 
■colour of wlueh vanes according to the niodo of preparation It contains tin, silver, 
and o.xygen, and is perhaps an argentous atiinnate. (Handw d. Chom vii 966.) 

SII.VER-V1TRIOE. Argentic sulphate. 

SIMARVBA, The baric of /Simaruia o^mWfs, Dee {Quassia Sunarula, L) bus 
long been used in medicine. It contains a bitter prineiplc, like that of quassia-bark, 
and a trace of essential oil. According to Buchner, the alcoholic extract is poisonous, 
aud acts in the same manner as the extract of quassia-bark . two groins killed a 
rabbit in twenty-four hours. 

SIMIIaOR. An obsolete name for an alloy of zinc and copper containing from 
6 to 9 pts. copper to 1 pt. zinc (ii 49). 

CN) 

SIWAMlMrE, C'H'N’ ■= C*H’ylS — basic compound discoverodbyllobiquot 
H \ 

and Bussy in 1839 (Ann. Ch. Pliys [3] Ixxii 328), and further examined by Will 
(Ami Ch, Pharm. hi 1) It contains the elements of Unosniamine minus 1 atom of 
sulphjdric acid, (C*H®NiS — H'S), and may be regarded as iimmoina, NHh in which 
1 .it H is replaced by cyanogen, and another by allyl. It is produced in the decomposi- 
tion of thiosiimmiiio by various metallic oxides : eg . — 

G'HWS + PbO = + PbS e H^O. 

Preparation — 1 One part of thiosiuamine and 5 pts. of merouvic oxide are rubbed 
together, without application of heat; the mass when cold is exhausted with other, 
the nitrate ev.iporated, the viscid residue dissolved in hot water, and the solu- 
tion left to crystaUise (Bobiqnet and Bussy). — 2. Pulverised tbiosinamine is 


Tellurium 

Silver 

Gold 
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trihiraled with recently precipitated and well-wa'.hod hydrate 'of load , the mixture 
If, heated in the wator-bath, till a sample diluted with water and filtered no longer 
produces a black colour with fresh oxide of lead and potash , the entire mass is then 
repeatedly boiled, first with water and then with alcohol, beennse theBiiiamme is obsti- 
nately returned by the snlphide of lend, tlie whole of the decoctions are evaporated 
tea syrup , and the cry.stals, which form after several mouths, aie taken out, and freed 
from the syrup by gentle pressure between paper (WiU) The syrup is distinguished 
from the crystals by its smallar amount of water ; if the hydrate of load obtained from 
the acetate was not well washed, the syrup contains also basic acetate of lead (Will) 

Piopc/'iiCs.—The crystals of aiiiamine contain 20'‘H“N' H-'O, they ere white, shining 
tnchmc piiama, which lose their lustre m !nc«o over sulpbnric acid. At 100°tbey molt, 
and give off two-thirds of tlieiv water, the melted mass forming when cold a syiiip, 
which slowly recrystallisus. By longer exposure to 100°, the whole of the water is 
dnveii off, and on cooling, anhydrous sinamine romains, as a white, opaque, slightly 
erystallino mass. It is inodorous, but tastes strongly and persistently bitter It 
dibbolves in water, alcehol, and ether. The aqueous solution has a strong alkaline 
reaction, and is precipitated by tannin 

Decompositions. — 1 Sinamine heated in a retort in the oil-bath, gives off ammonia 
from 160° to 200°, without blaekemng, and leaves a yellow resinous body almost in- 
soluble in water, but dissolving sparingly in alcohol, and forming an alkaline 
solution. Its solution in hydrocfioric acid becomes milky when mixed with am- 
nioiiia, and if subsequently heated, again deposits lesmous nuitter, Iho hyilrochlono 
acid solution forms a wliito precipitate ivith raei-eurio chloride, and yellow withplatimo 
chloride (Will) — 2 A cold mixtnro .of aqueous smaniiiie and hydrochloric acid does 
not give off ammonia, or become turbid on the addition of potash , but after the hydru- 
ohlono aeul has been boiled, potash eliminates ammonia from it, and throws down a 
basic substance, which behaves like the rosinous body remaining wlioii sinamine is 
lieated (Will) RydrocMorio aotd gas passed over the crystals is absorbed without 
fusion ; tlio resulting mass, when gently heated, suddenly omits thick white fumes of sal- 
ammoniac, and leaves a tnmeflod residue (W ill) — 4 T'he hydrated crysUils, exposed to 
a stream of snlphydno acid gas, quickly assume a sulphur-yellow colour, witliout losing 
water , and if then gently heated, molt to a transparent liquid, which lakes up an ad- 
ditional quantity of sulpbydrio acid, and becomes liver-coloured, but if still subjected 
to tho action of heat, not however rising to 100°, gives off the water of crystallisation, 
together wilh sulphydrate of amraonnim tlltimntely thnro reiiuima a transparent, 
liver-euloured, inodorous mass, amounting in weight to 94 38 per cent of tho crystals 
This mass foims, with water or alcohol, a solution which colom's lead-salts light-ml, 
and does not precipitate siilphido of lend till it is boiled (W ill.) 

Sinami no-salts —Sinamine expols ammoni.i from ommonmcul salts , it also pvoci- 
pitatcs the salts of lead, iron, and cojipor Nevertheless, it dues not form solid salts 
with any neid except oxalic acid, with which it slowly yields crystals (Will) Tho 
aoul solutions impaiT. a yellow colour to fir-wood (IIofmaii,Ann Ch Phaim xlvu. So 1 

Binamine with Mircnnc CUondc, C'H“N’ Hg"CB —Tho solution of sinamine in 
aqueous hydrochloric acid forms, with exccssof aqiiroiis mercuric chloride, a jirocqatato 
which, on account of its tendency to decompose iii washing, must bo merely collected on 
a filter, strongly pressed, and dried in vacuo over oil of vitriol. 

jPlatinnm-compoUiid , — ^Aqueous sinamine mixed with a small quantity of bydroehlorie 
acid, forms, with phitmie ehlorido, yellowish-whito fiakos, which settle down slowly, 
so that the filtered liquid, after standing for several hours, yields a fresh precipitate, 
the filtrate from that yields another, and so on. All the precipitates oxhilat about Ibe 
same ainouiit of platinum (viz , about 39 6 per cent ) after drying in a ciuxont of air at 
115°, benco the precipitate 13 perhaps C''H“N- 2H01 Pt'''CP (Will.) 

Siuamine forms a rosinous preoipitnto with nitrate of silver, (Will ) 

ON } 

Etbylsinamine, or Sinethylamlne, = CTIvN. (Hinterborgor, 

Ami Ch. Pliarm Ixx.xiii. 348) — Produced hy decomposing thiosincthjlamino witli 
hydrate of load Wlien the two substaiicos are ho.itod together till a filtered samjilo 
no lougor bhickeus on tho addition of leud-hydrato and potash, tho resulting mass 
boiled with u ater and then with alcohol, and the solutions e\ aporated, a dark-yellow 
syj'upy residue is obtained, which beeuiiies almost wholly cryst.ilhne after a few 
mouths, and wliou pressed between bibulous paper and recrystallisod from other, yields 
purs sinethyUmiuo 

Sjnethylaraino crystallises in needles arr.inged in dendritic groups it tastaa very 
bitter. At 100° it melts to .i colourless liquid, which when touched with a cold body, 
quickly solidifies m a erystallino mass, the crystallisation spreading from tho point ill 
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contact It is iiibolublo in water, but dissolves m alcohol and ether, forming solutions 
which have .lu ulkiilme reaction 

Mu-ciay-amipomd, 2C'‘II'W 3Hg''Cl* — A solution of sinethyliimine forms, with 
aqueuna incrcuric chloiide, a wliite flocculont iirecipitate, which, when heated over 
the initer-batli, melts to a yellow resinous mass, soliditying m the crystalline state on 
cooling 

FloUnum-ctimpound, 2C;“II'“N*,2HC1 Pf’Cl',— A solution of sinetliylnmina in hy- 
droebloric acid torms, with platinic chloride, rpddish-yoUow feathery crystals, yielding 
by analysis 31'fi6 per cent platinum, the formula requu'iiig 31 24 per cent. 

SXBTAPIC ACID, C'H’W = (C'WOp |q, Hirsoh- 

hrunn, Ann. Ch Pharm. buxiv 19.) — An acid produced, together with smcaline, by 
boiling sulphocyaiiatc of sinapina with potash or baryta-water • 

C'“lI==NO'.CNns + 3ICH0 = C"H;'"KW -1 C>H'“NO -1- CNKS -t 2ffO. 

Sulphacj-aimle uf Slnapatc of Sinciiline SulphoC|'- 


Tlio best mode of preparing it is to boil the sulphocyanato of sinapine with potash- 
ley, aupersatiirate with hydrochloric acid, and purify the resulting precipitate hy 
ciystallisation from alcohol of 60 per cent By boiling the sulphocyanato with baryta- 
water, tha acid is obtained as nn insoluble barmm-salt, &om wluch it may be separated 
by sulphuric acid and alcohol, 

Sinapie acid crystallises in small prisms, sparingly soluble in cold, somewhat more 
freely in hot v)at<r, slightly in cold, easily in hot akohol, insoluble in ether It is nearly 
insoluble in most other acids mtruj acid, however, dissolves it, with red colour, 
apparently forming osalio acid and a nitro-compoond Chlonne-xuater colours it, first 
rosc-red, then purple-red, without dissolving it 

Sinapie acid melts between 160° and 200°, and solidifies from fusion m the crystalline 
st.ite When subjected to dry distillation, it turns brown, and vieMs a colourless oil, 
■which, as well as the residue, forms with ammonid-gas a yellow body, slightly soluble 

SinapntoB — Smapie acid forms easily soluble salts with the alkalis, sparingly 
soluble s.ilts with the earths and other metallic oxides All the sinapates, excepting the 
biirmm-salt, decompose ivith great facility. The solution of sinapio acid in potash- or 
soda-ley quickly hums red on exposure to the air, the colour afterwm'ds changing to 
groen and brown. The ammonidcal solution turns red-brown on exposure 

A neutral solution of potossic siiiapute forms white preoipitntos with oldoiidt of 
■culctum, and with solution of ahtm ; the latter precipitate, ti'eiited with rhlonne-wator, 
assumes first a rose-red and then a dirty-red colour With foiic chloride it forms a 
rose-rod or sometimes a purple-red precipitate, with formal ion of ferrous oxide, Prom 
solution of copper- and lend-sedu, it throws down precipitatis which soon turn blue- 
green, with tncrcM) to and siitier-safts, white precipitates which decompose, with sepa- 
ration of metal, especially on addition of more alkali. 

Smapatc of Potassium is precipitated from the aqueous solution by .ibsolute alcohol 
in iridescent Inmiiise, which soou change after the alcohol has been poiued off — The 
hanum-salt, is prepared by precipitating the neutral ammonium-salt with 

chloride of barium (avoiding an excess of the latter, which would rcdissolvo a poition 
of the piecipitate), or hy boiling sulphocyanato of smupino wuth bnryta-Wdtrr, out of 
contact with air. The precipitate is to be washed with water free from carbonic acid, 

SIWAPINE, C'“E''W‘ (0, Henry and Garot,.T Ph.irra.xvii 1 , xx. 63 — 
Polonze, Ann Oh. Phys [2]xliv. 214, J. Pharm. xvii 271.— lluutrou and It obi - 
quet, J.Pbarm xvii 279 -dFaure, aW — 0. Honry andPlisson, Ann. Oh Plijs, 
[2) xlvi 198 — Winckler, Eopert. Pharm xli 1G9 ; Ixui 267 —Simon, Pogg. 
Ann xlui 661, xliv 693. — ^Boutron andPrAmy, J. Pharm xxvi 60 — v Baliu 
and Hirsebbrunn, Ann Ch Pharm. Ixxxiv 10 — dm xiv 621) — An organic base, 
existing ns a sulphoeynnate in white mustard-seed This salt was first extracted 
from the fatty oil of wfiiite mnstnrd by Henry and Oarot in 1826, who at first regarded 
it as an aeid,andeUled it sidphosinapio and ; afterwards, however, they fnuud that the 
pure snbstencewas nentnil, and namedit sidphosiuajjtsin Berzelius called it ainapine. 
Its true n.ituio was first reeognised byv Babo and Hirscl brimn, who assigned to the 
b.^sG cnntiiined in it (the true smupine) the formula wluch was altered fly 

aorhardtto or C"Tr^*NO'> 

Sinapine is known only iii aqueous solution and in combination with acids Tlie 
aqueous solution i.s obt, lined by gradually adding baryta-water to an aqueous .solution 
of the acid sulphate as long as a precipitate is fhereby formed . an excess of baryta 
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must be careftilly avoided, as it would immediiitoly induce tbe decomposition of tlie 
base into sinipic acid and sinealiiie (p 308) The aqiieoiia solution of sma^ine has 
a deep yellow enlour, a distinct alltaline reaction, and is not precipitated either by 
alcohol or by ether. ’When evaporated it assumes a dark-brown colour, and leaves a 
pertectly amorphous residue The solution forms precijntates with many metallic 
salts — green with eiipiie, yellow with mercuric, grey-brown with aigeiitic salts these 
precipitates, on standing or warming, are reduced to the metallic state. From solution 
of nurie chloride, smapine immediately precipitates metallic gold 

Salts op Sinapine — T hese salts are colourless and more stable titan the ft oo 
haso. Their solutions, mixed with potash or baryta-water, turn yellow, and tho 
sluapme thereby separated is instantly resolved into sinapic oeid and smcaliue. 

Hpdrochlorute oj Sinajpino, obtamed by decomposing the sulphate with chlo- 
ride of barium, crystalbses m needles very soluble jn water The solution mixed 
with platimc chloride, forms a resinous precipitate which immediately tiu-ns brown 
when slightly heated 

Tho Mairais, obtained also by double deeomjiosjtion, crystallises in very soluble 
needles 

Sulphates . — Tho acid sidpAotc, C’H^NO® H^SOHaq , is produced on adding a 
BTn.dl qmmtity of strong sulphuric acid to a hot coacentrnti d solution of the sulphocyanate 
in alcohol of 90 per cent , and separates on cooling in cousidenihle quantity, so that 
the liquid appears completely filled with it. The ciystals may he freed fioni adhering 
BulphuiTO and sulphocyamc acids, by washing with absolute alcohol. It forms rectan- 
gular plates, having a strong acid reaction, easily soluble in water and in boiling 
alcohol, nearly insoluble in ether The ciystals give off their water at 100'^ — The 
ncutrd salt, obtained by noutrabsmg the acid salt with baryta-water and evaporating 
tlie filtrate, is a crystalline easily soluble mass. 

Sai^iAoevanateo/Stnapine, C’ffWSO* = C'»H»W ONES. Smapine oi 
Boizfihus , Siilphosinapism of Henry and Gaxot — ^This salt, as already obsoned, 
exists ready-furmed in white mustard-seed ; also, according to Henry and Garot, in the 
seed of black mustard and of Tumtis glabra 

Fieparation — 1 Dry mustaid-powdcr, exhausted witb ether and thereby freed 
from fixed oil, is treated wiUi cold absolute alcohol as long as Iho alcohol aequiios a 
reddish-yellow colour , the residue is boiled with alcohol of 90 per cent , then pressed ; 
and the boiling and pressing are repented twice more. Tho hot-filtered tinctures 
yield, after half tlie alcohol has been distilled ofif, eolouiiess crystals of sulpUocy.tnato 
of binapino, nu additional quanUty of which may bo obtained from the motlier-liqnors 
by furtlior evaporation and addition, of sulphocyanate of potassium Sulpliocyannto 
of potassium likewise precipitates sulphocyanate of siuapiuo from the ahova-meutiuuod 
extracts prepared with cold alcohol. 

2 Mustard-flour, freed from fixed oil by pressure in the oil-mill, is exhausted with 
cold and then with hut alcohol of 80 per cent , and about half tho alcohol is distilled 
from the ranted tinctures in a salt-bath, or so much, that a sample of the residue 
separates on cooling into two equal layers, consisting of oil and sulphocyanate of sinapino. 
If the concentration is earned too far, the sulphocyanate of sinapino no longer crj stallises; 
and, on tho other hand, if a sufficient quantity of the alcohol ho not distilled off, part 
of the sinapino remains dissohcd in the alcoliolie oily layer, and is somowlint difficult 
to obtain in tbs form of crystallised sulphocyanate , tho host way of effecting this is 
to add a small quantity of alcoholic sulphocyanate of potaSMUm Tho upper layer is 
removed , tho lower watery liquid is eilier left to itself for a week, or as long as siil- 
pliocyauata of smapme continues to crystallise from tt ; and tho crystals are collaetod 
on linen, separated from the viscid mothor-Uquor by means of a ei-ntrifugal machine, 
moistened with alcohol, strongly pressed between filtoring-papev, and rocrystalliscd 
from alcubol of 90 per cent., then from a small quantity of boiling water, with addition 
of animal charcoal ,— or better, the lower watery layer is mixed with alcoholic siilpho- 
oynnate of potassium, and the crystals which sopiir.ito are purified as above The 
mother-liquors also yield an additional quantity of sulplioeyHna.lo of sinapino on 
addition of snljiliocyiinate of potassium, (v Baho andHirsehhrnun ) 

S. Bruised white mustard-seed, freed from the greater part of tho fixed oil by pres- 
sure at 50°, IS exhausted with ether , the residue is digested with 7 pts ot alcohol of 
80 per cent , then witli 2 pts. moie , tho alcohol is distilled off from tho tinctures till 
the residue is reduced to one-fourth of tlie weight of mustard-powder used , this resi- 
due is set aside for 14 days to crystallise , .ind the crystals, after being fteed by ether 
from a red-brown matter, are purified by repeated crystallisation from water and alco- 
hol, with addition of animal chaicoal (Wiiieklei ) 

' Winckler also digests white mnstaKl with 3 pts of alcohol of SOpercont ; evapoiatos 
tho tinctiu’e to half the weight of mimtard used , treats tho residue, which is covered 
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residual sulpliocjanate of Bimipiiio by Bolution in water lunl roorysUUisation as above. 
A similar piocess ib adopted by Simon, who however, at each extraction of tile mus- 
tiud-floiir. uao.s only oiiougli alcohol to moisten it, and subjects the whole to strong 
pressure ; by this trcatinont, the exhaustion la effected more quickly than when a 
larger quantity of alcohol is iiscd, 

P>operiies — Sulphooyaiinto of sinapine crystallibos m loose tufts of white pearly 
needles (Sonry and Garot), in colonrless, nearly transparent, gl.issy prisms, 
mostly recLaiignliir, truncated, grouped in stars and thin nodules (Wincklor) It is 
neutral, inodorous, tastes hitter, and afterwards hot like nnist.iid It molts when 
heated (at 130“ according to v ll.ibo), forming a yellow liquid, which solidifies to a 
gummy mass on cooling (W inckler]) It dissolves with yellow colour in witter and in 
ahohot, in greatly increased quantity when the liquid is hot, and crystallises on 
cooling, ulso in ether, sulphide of carbon, and oil of turpentine. (Simon.) 

Decompositions — 1 Sulpliooyan.ite of siniipiue decomposes when strongly heated, 
giving off stinking products, and leaving charcoal (Henry and Garot), also cum- 
Imstible gases ('Wincklor). The vapouis do not smell of snlplnu’etted hydi'ogcu, 
sulphide of carbon, or hydrocyanic acid In the course of the decomposition, .lolatilo 
bases are evolved, together With gases and enipj'reiimatic oils, winch biu-u inthlnminous 
fl.uno and formation of sulphurous acid (v Babo and Hirschbrunn) — 2 It dissolves 
readily in oil ofviii lol, with OTeenish-ycllow colour and slight rise of temperature, turns 
brown when the solution is heated, and then chars (AVinokler). Sulphocyamc acid 


IB likewise evolved (v Babo and Hirschbrunn) — 3 In contact w 


s off 


iodine, aiidle.ive3 a brown-red buttle rosin (Wincklor).— 4 Its aqueon 
coloured by chlorine, first brown-red, then led, and finally yellow, with to 
sulphimo and evolution of bjdrocyiinie acid (Honry aud Garot) Acoordiug to 
V. Babo and Hnsohbvnun, no formation of hydrocyanic acid takes place in this iiiid 
similar cases— 6 With nitiic acid of specific gravity 14, or less, it immediately 
issiimos a deep red colour, guiug off red v.ipours, and when heated turns yellow, with 
formation of siilphnrio acid (Henry and Gaiot, and others) —6 When sulphoovanate 
of smapuie is boiled with peroxide of maupuiicse and dilute sulphuric acid, the distil late 
contains hydrocyanic acid, and the residno contains a substiinco which dissolves m 
water, with dark biown-red colour (Winokler) —7 It dissolves with yellow colour 
maauUio potash-ley, and if the liquid be immediutclysupersattuated with hydvochlurio 
acid, separates out unaltered, provided the solution is sufficioiitly coiiceiitiatod , but 
when boiled with potash, soda, or baryta-water, it is resolved, as above inentioned 
(p 808), into sinapio acid, smcalme, and sidphoeyaiiio acid (v B.ibo) It is 
likewise coloured yellow by ammoim, stri/ohmne, morphine, tmi guinine, hiit not by 
naicohne or salioia (Winckler) A trace of tobaoco-sinoko is sufficient to produce 
this colouring (v Babo aud Hirscbbrunn). — 8. The beliavioui' of sulphocy au.ito 
of siiiiipiiiB to d^lute acids aud saline solutions is the sumo as that of other sulplio- 
oyiinates Ferrio salts are for tlio most part immediately roddonid by it, but soiiie- 
timca It is obtained in a poeulinv condition, in wlncli it does not redden terrio Balts till 
beat is applied. (Will; v. Bubo, and Hirschbrunn.) 

snrAPHS, Seo Mustaud (ui. 1007) 

SlnrAPISSwii. The name given by I? Simon (Pogg Ann xliu. 652; xliv,593, 
1 379), to a white, so.vly, crystalline substance, which hoobtained flom black nnistard- 
spod, by extraction until alcohol and etlier. The examination made of it was, however, 
very imperfect, and tho later statements contradict the earlier 


SHTAPOaiWH. Diallyl-earbamide. DiaUyl-urea C’H'WO 


An organic base discoveied by Simpn (Pogg Ann. 1. 377), and further examined by 
Will (Ann, Ch Pharm. hi. 26). It is formed from cyauatn of allyl, by addition of 
water and elimination of carbonic anhydride, in the same manner as urea is formed from 
cyanic acid 

2CNHO + ffO = CN'ffO + CO'= 

Cy.vmc ,«;ld Urea. 

2CH(C’H'')0 + ffO = CN*(C»n=)“H=0 + CO“ 

Cj anute of All j I. Dlallyl urea. 


It may be obtained very pure by boiling cyanute of allyl witb water, but is more 
goiioriilly prepared from sulphocyanato of allyl (oilof mustard) by tho action of hydinte 
of lead or baiy la- water 

2CN(C*n‘)S +■ 3Pbn=0» = CN'‘(C’n'fH*0 + 2PbS + PbCO* + 2ffO 
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The oil of mustard is digested in the -water-hnth with recently precipitated and weU- 
wiished hydrate of lead, till the latter is no longer blackened. The residue is treated 
with boiling water, and the solution is filtered from the insolnhle sulphide and car- 
bonate of lead the sinapoline then crystallises on coohng. 

The oil of mustard may also be boiled with baryta-water, the liquid ovaporated to 
dryness when quite free from odour , and the sina;^ohne extracted from the residue by 
alcohol or ether. Potash or soda acts in a similar manner, but gives rise also to 
secondary products. 

Sinapoline orystalbses from aqueous solution in shining lamince, unctuous to the 
touch, fusible at the temperature of hoilmg water, soluble in alcohol and ether. The 
aqueous solution is alkaline to test-paper 

Sinapoline does not dissolve in aqueous potash at ordinary tempomtures, hut at the 
boiling heat of the liquid, it melts, without giring off ammonia, to an oil which sohdifias 
on cooling and is soluble in water. 

Sinapoline does not lose weight at 100° , at a higher temperatm'e it partly volatilises 
aud partly decomposes. 

Salts of Sinapoline. — Sinapoline dissolves easily in acids, and is separated from 
tlio solutions by aramoma. In dry hydroeldono acid gas it melts without warming ; 
and 13 converted into a thick mass of the hydroeUorate, C’H"*N*0.H01, which gives off 
vapours of hydroohlorie acid on exjiosnre to moist air, aud is partially decomposed by 
water, with separation of sinapoline 

The aqueous solution of sinapohne forms precipitates with mercuric and platinic 
chloride. 

SHiTCAZiIIirE!, C=H‘®1T0 (v. Baho and Hirsohbninn, Ann. Ch Pharm Ixxxiv 
22 ) — ^An alkali produced, together with sinapie acid, by boihng sulphoojyanato of sinapino 
with potash or baryta (p. 308) To prepare it, sulphocyanate of sinapine is heated 
with baryta-water, till the sinapatoofbarnun is completely separated; the filtrate, mixed 
with a slight excess of dilute snlphmso acid, is freed from sulphoeyanic acid by pre- 
cipitation with aqueous sulphate of iron or copper • the liquid le filtered from tiie pre- 
cipitated sulphocyanate of copper , the filtrate precipitated by buiytii-water , cavhomo 
acid IS passed through it , and the solution filtered from the ciirbonato of barium, is 
evaporated on the water-hiitli carbonate of sineiilmo then remains behind. By 
neutralising the oarhonato with aqueous hydrochloric acid, digesting the hydroclilorato 
with oxide of silver, and oviipoiatingtho sohitinu filtered from tho ehloiido of silver and 
excess of oxide, in a vaonnm or on the water-bath, sincahno is obtained as a colourless 
or brownish crystalline muss 

Smeabne does not volatilise witlio it .dteration when distilled it givo.s off combustiWo 
vapours having an odour of methykmine, and leaves a carbonaceous residue It has 
a strong alkaline reaction, and when exposed to moist air, becomes heated, deliquesces, 
and rapidly absorbs carhonio acid It precipitates most motullio oxides from their 
solutions, even limo, baiyta, and merenne oxide The precipitates which it forms 
with aluminio and clu'omie salts redissolve in excess of sincaline, and the chromic pro 
eipitatc IS repreoipitated on boiling, like a solution ot clu’omio oxide m potash 

Sincaline dissolves sulphur, aud on adding a mineral acid to tho solution, bulphydrie 
acid is given off, and sulphur is precipitated, which rendors the liquid milky 

Salts of Siuoaline — The carbonafe, h/drocMorute, and nitrate are cxtrcinoly 
deliquescent. The ohloro-aurate, C“H'“NO HCl AiiCl”, is precipitated as a yoUow 
crystalbne powder slightly soluble in cold water It dissolves easily in boiling water, 
and crystallisea on cooling in tufts of neodlos Tho ehlorvplaiinatc, fiC'dr'^NO 2HC1. 
Pf’Cl*, is obtained by evaporating a mixture of tho hydrochlorata and platinic chloride, 
in splendid orange-coloured prisms or hexagonal plates. 

SIKTESIC ACID. The name given by Lewy (Ann Ch Phys [S], xiii 4i6) 
to a fatty acid which he obtained by heating Chinose-wux w ith potash-lune, and to 
which he assigned the formula C?*II*“0’. 

SIWBXHYI.AJMIWB. Syn. with BTHiasiKAMiNiii (p. 307) 

smTISTBIITi This name was given by Marqu art (Ann. Oh. Pharm x. 91) to 
inulm prepared from dahlia-roots by boiling with water, heeunse it turns the plane of 
polarisation to the left it appears, under the microscope, to consist of opaque white 
spherules, disintegrates quicldy in cold water, and dissolves to a colourless hquid at 
75°. Inulin prepared from the roots by washing with cold water is called by Mar- 
quai't synantherin it exhibits under tho microscope transparent spherules, and 
dissolves when boiled with water, leaving a few thin films. In other respects it 
resembles sinistrm. 

aiKTWAMIWB. Syn. wilh SiMAnnwii. 
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SIiropiTE. Sole of Sinope Buhnca — A femiginoiia bole oeouiTing m masses 
^•itb Hue earthy fracturo, in Cappadocia It is of brick-red colour, spotted with white, 
dull, opiitpie, friable, adheres atroiigly to tha tongue, and breaks up in wator into 
co'iri-o liunps, without becoming piliistic like clay, or crumbling to a sandy powder like 
fuller’s earth It was used in auciont times us n pigment. Contains, according to 
Klaproth’s analysis, 32 pov cent silica, 26 6 iiluiiiina, 210 ferric oxide, 17 0 water, 
and 1 6 ( = 97 0) chloride of sodium lloforo tho blowpipe it burns hard and black 

SIxrXElt. A name applied to incrustations, on rodcs or elsewhore, from imiioriil 
waters According to tho nature of the deposit, it is distinguished as calcareous sinter 
(calcspar or .urugonite), silicious (quartz or opiil), forriigiuous (pitticite), iirsQincal 
(scorodite), &e 

SIPBERIKTE. Stpinne, Sepeenne. An alkaloid existing, together with bebirine, 
in the behecru or groenheart-troe (Nictandra ifoififfli), a lauraceous ti'ee growing m 
Guiana It was discovorod by Bodio in 1831, and exaininod more pai-ticularly by 
Maalagan (Ann. Ch Pharm xlviii 106). [For the mode of preparation sea 
BnnrutNE, i 626 ] 

Sipeerine forms a dark rod-brown, shining, non-eryatalline, resinous mass, soparnt- 
lug from the vessel in which it is prepared in scales It is very slightly soluble in 
water, easily m idcohol, either anhydious or hydrated, but is insoluble in ether It 
iieutridiaes acids, forming olive-brown salts. 

SIFOEIRA, or SRBZPXRil.. The commcvcial name of the bark of Sehpira major, 
a tree growing in Braail Tlio bark contains tauiiin, fat oil, resin, sugar, &o, (Handw 
d Chom. vii. 730 ) 

SISMOSSTBIKT. A mineral resembling cliloritoid, occurring in tho chloiite-slate 
of St Marcel in Piedmont Melts with great difficulty before the blowpipe to a 
blackish glass Analysed by Dolesso (Ann. Cb. Phys. [3] ix 388) imcl i, Kobull 
(J. pr Chem. Iviii 40). 


SiO=. Ainos. 

24-1 43-2 

25 75 37'60 



6 20 7 80 0'60 = 98 75 


v'^Kobell 


The magnesia appears to have been overlooked in the first analysis 

SISSSRSXITE. Tho name given by Haidinger to iridosimno from Sissersk in 
the Ural, having nearly tho composition ItOs’ or IrOs*, to distmguiali it from the 
variety found at Nevyansk, tho composition of which may he i-epiosontcd by IrOs*. 
As, however, tho two varieties crystallise in the same forin, it is piobahlo Unit tliey 
are not distinct mineral species, but that osmium and iridium ciysUllise together 
isomovphously lu various proportions, 

SISYIVTBRXUIM, Hedge-mnstard {Skpnibnum offiotnah) contains, according to 
Plcss, allyho snlpliocyanate nnmixed with oxide, 

SIXXC ACin. The name given by Berzelius to Liebig's mnauthic acid (iv 174). 

SXXB. Gmelm’s n.ime for propylene, CW. 

BKABOI<XT&. Syn. with Scauoute 

SKX,EBBXmiTE. Syn. with ScutuBiiTraiTE (p 204). 

SK1EROCI.ASE, or BCI.EROCX.ASE. The iiumo applied byv Waltei'shiuison 
to (bptumbie sulpharseuite, 2PbS AsS’, winch he regards as one of the conetituente of 
biiiiiite (i 683) 

SKOCrBOIiITE. Nordonskiold’s name for tho toidalito of Skogboln in Finland, 
distingmshed by a comparatively high specific gravity, small proportions of miui- 
giiiiese and tin, and dni'k brown colour of its powder 

SXOEECXXE. Syn with Scolecite 

SKOEOPSXTE. A silicate fiom the Kaiserstulil in tho Breisgau, occiiriing in 
lumps, with granular atructure and splintery fiaetuic. Hardness 5 0 neoily. 
Specific graiity = 2 63. Colour smoke-grey, greyish, or roddish-white, Tiiuislucent 
on the edges Slightly brittle Biforo the hlowpijio it fuses like vesuvian, with 
iiituniesceneo and spluttering, to a shining greenisli-whito glass euelosiiig small bubbles. 
With borax it slowly forms a eolouilcss bead , with phosphonis-salt the same, and a 
skeleton of eihea; with soda it yields the reaction of eulphur. In the pulverulent 
state it is easily decomposed by hydrochloric acid, with separation of gelatinous silica 
It contains, according to the mean of v Kohell’s analyses (J pr Chem, xlvi. 48i), 
44 1 per cent, silica, 17 9 alumina, 2 5 feme and ferrous oxides, 8'9 manganous 



SKORIAN—SMALT. 


313 


oxide, 16'5 lime, 2’2 magnesia, 11 5 soda, 1-3 potash, 4 1 sulphime anhydride, mid 
0 9 chloride of sodium, which may bo approximately represented by the formula 
Na’SO' . 6(M’ , M")SiO'' . Al'Si»0'»- 

SK.OK.IAIT. Breithaiipt’s name for a variety of spinel, dosely alliod to heroiiiite, 
and containing, according to John, 63 0 per cent alumina, 23 0 ferrous oxide, 6 0 
magnesia, 6 0 sihca, together with magnesia and other constituents not determined 
It occurs at Bisehofsheim in the Ehongebirgo, and at Hinter-Herinsdorf, near 
Sohandau in Saxony (Handw. vii 999.) 

SKORIKITE. A aeoriaceous mineral from Juan del Kio del Calvaxio in Mexico, 
cnntiiinmg. necordmg to E. Thomson (J. pr Chem viu. 608), 63 0 per cant silica, 
16 8 alumina, 13 3 ferrous oxide, 8 6 lime, and 2 0 water. It occurs in brown masses, 
containing numerous cavities. Streak wlute Hardness = 2 0. Specific gravity = 
r70. Before the blowpipe it becomes hghter in colour, but does not ni&. With 
fluxes it gives the iron reaction. 


SKOROSITE. Sjn with Sookoditb. 

SKORXiV, or SCOSIXA.. A variety of Epidote (li. 489). 

SKOTIIO'. Syn with Bncklandite, or lime and iron epidote. 

SKirTTERirsiTE. An arsomdo of cobalt, CoAs", occurring at Skuttemd, neot 
Modum, in Norway (i 1042) 

SIiIBOWITZ. Shbomtsa, Slivowiis. An ardent spirit, prepared in Bohemia 
and Hungary, by distilling the fermented juice of plums. 

SliOAIcrXTE. A mineral from the gabbro of Tuscany, occurring in radiated 
masses, cleaving distinctly parallel to the faces of an orthorhombic prism of 106° It is 
white, opaque, with pearly lustre Hardness = 46 Specific gravity = 2'441 Melts 
before the blowpipe, with intnmesceneo, to a white enamel. Dissolves in acids, with 
separation of gclatmous silica. Contains, according to Bochi (Sill. Am J xiv. 64), 
42’2 per cent siboa, 35 0 alumina, 8’1 lime, 2 7 magnesia, 0 3 soda and potash, and 
12 5 water . probably a decomposed zeolite 

SKAliT. A beautiful bine glass, propiired (chiefly in Saxony) by melting roasted 
cobalt-ore with silica and potash The oie (arsenide or siilphiirsemdo containing 
nickel, copper, and iron) is first roasted to such a degree as to oxidise the cobalt ana 
leave the nickel, iron, luid copper in eonibination uith arsenic and sulphur Four or 
five parts of this roasted ore are then mixed with 10 pts of ground ealciuod quartz and 
4 pts. of potassio carbonate, .ind the mixture is slowly melted in pots arranged on a 
fuinace resembling that used in glass-houses The oxide of cobalt thou unites with 
the fused potassic sihcato, forming a deep blue glass, while the mixed arsenides and 
sulphides ot niokol, copper, and iron fuse and collect at the bottom of the pot, in tho 
form of a brittle metallie-looking mass called speiss, which is used for tho prepara- 
tion of nickel Tho pot is then skimmed, and tiio glass is ladled out and poured into 
cold water, by which it is split into innumerable fragments The broken glass is 
stamped to powder and ground under water botween granite stones, in aiosael throngh 
which a gentle stveiim of water is constantly flowing The water carrying the 
powdered smalt in suspension is made to pass tluougli a nnmlior of depositing vessels, 
so arranged that tho overflow of euch shall pass unto tho noxt. Moreoior, e.ieli of 
these vessels is larger than tho ono which precedes it, so that the time during which 
the washings are retained in them goes on progressively ineieasiiig, and the deposited 
particles continually increase in tho minuteness of their snhchvision, the oalour 
becoming less intense tile greater the degree of subdivision of tlie particles (Milhr’s 
Mements of Chcnuilry, Srd edit ii 665 For further details, see XIic's Dtcitonary of 
Arts, &c. 1 , 784, and Ilandw d Chem vii 1000.) 

Smalt IS essentially a polassio-cohiiltous silicate, sometimes approaching neirly to 
the formula (IC‘0 Co"0) 6SiO' Its composition is, however, subject to considorabie 
variation, as the following analy. SOS by Ludwig (J. pr Chem li 129) will show: — 

Norivtgmn Ocrmmi German. 


Silica . 

Potash and Soda . 
Cobaltous oxide 
Alumina 
Ferrous oxide 
Arsenic Anliydiudc 
Wiiter and Carbonic 



0 24 


Anhy-j 



196 
1 80 
1 40 
0 08 
0 46 


100 00 110-18 1)7 86 
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SMAIiTmrE. Native cobaltoxia arsenide, Co"Ab'' (i 1041) 

S}VIA:!iA.C4I>ITE. A granular actinolite of omerald-green or grass-green colour, 
someUmsb occurring iutergrown with augite of similai' coionr. Mixed inth gurnet it 
forma the rock called eclogito, and occtus also in gabbro mixed with saussiiiite or lahra- 
doritp. 

SIVCARAOSOCHAliCITB. Syn. with Ataoamiti! (i. 429) 

SMECTITE. A term sometimes used as a synonym of fuller’s earth ; applied 
also more particularly to an argillaceous niiiior.il irom Cilly in Lower Styria, iinnlyscd 
by Jordan, and another from GnndA in rmiieo, analysed by iSalyctat. (See SiiicATiis 
OF Aluminiom, p 2o9.) 

SlMCSIiITB. An alnnnnic sibcate from Tclkebanya in Hungary. (See Sit.ic.xtks, 

loo, cit ) 

SMEEACHIU'. The name given by Eoinsch (Report. Pharm. Ixxxii. 145) to a 
crystalline substance winch he obtained from the root of Smilax China (L ) 
snXIXiACrNr. Syn. with SAiiSAPAiiiti.iM (p 198). 

SMXTHSOUITE. Syn with Calamine, or native carbonate of zinc (i. 713). 
SOAP. Saoon Snfe — In ordinary langiuigo, the term soup is applied only to 

the potassium- and sodinin-s.ilts of the tat-acids — stearic, palmitic, oleic acid, &c , — 
produced by the action of potash and sod.! upon the fats , but in scientific language, 
tho samo term is extended to all the meUUic salts of tlio fat-acids, among which the 
lirac-soap obtained as a secondary product in Iho stuaric and numufiioture, and the 
phann.iceutic.d preparation culled lead-soup or lead-pluster, obtained by heating olivo- 
oil witli oxido of loud, may he iJiirticidariscd as being of practical nuportuiico 

Tile ordinuiy neutral hits— such ns tullow, palm-oil, ohve-oil, coooanut-oil, &o — are 
tho glyceryl-salts or glyceric ethers of the fat-aeids (see Gi,xcEHini.s, ii 881) , and 
their conversion into soaps, or saponification, by the action of alkalis or other 
bases, IS tho converse of the process of othovifie.ilion, consisting in the separation of tho 
glyceiyl and the acid-radicle, and an luterchangi between tho glyceryl and the metal 
of tho alkali, resulting in the formation of ah alkaline s.ilt of tho fat-aeid — that is 
to say, a soup — and glycerin thus with stearin (ueiiti'ul glycoiylic stearate) and 
pohisli . 

0» + |:|o» = (cwrjo» + 

Fotasilc Gljcerin. Piitasslo stearate 

hyilr.a6 (3 at ) (3 at.) 

The ordinary method of saponifying neutral ftits consists in hoihiig them with solu- 
tion of caustic potash or sod.i Moat fats requiro long-continued boding with excess 
of alk.ih to convert thorn comjilotoly into noutr.iI soaps , some, however (as lard, beef- 
marrow, and oil of sweet almonds), maybesupomflod by agitation with caustic alkali at 
ordinary temperatures Alkaline eaihonatcs also decompose the neutral fats when 
boiled with thorn , but the process, when conducted under the ordinary atmospheric 
proasure, is very tedious, and does not yield a perfect soap. Complete siipomflciition 
may, however, bo effected by boiling neutral fats with solutions of alkaline carbonates 
under increased pressure, as in the apparatus patented by Tilghman (ii 886), in 
which a mixture of the neutral fat and alkaline solution is forced by a pump through 
a long coil of iron tubing heated to 360° — 400° P 
The fat-acids (stearic, oleio acid, &e,), when already separated from glycerin, are 
easily saponified by the action of alkaline carbonates , in this manner soap is exten- 
sively prep.arod from the crude oleio ncid or red oil (iv 192), obtained .is a byo-product 
in tho mamifactme of stoone .leid. Ensins also, which .ara cliiefly mixtures of acid 
compounds, ousily decompose alkaline carbonates and form soaps 

Ab the neutral fats occurring m the vegetable or animal body aie not simple gly- 
cciiilos, hut mixtures of several compounds of that class (stearin, palmitm, olein, &c ) 
it follows that the soaps resulting from Iheir saponifiaition wiU be mixtures of tho 
potiissiiim- or sodium-salts of two or more of tho corresponding fat-acids, the soap 
Leiiig, cieteris jiaribus, more solid in proportion as the acids of higher melting-point and 
atomic weight predominate in it 

Tile properfaes of soap depend also in great measure on tho alkaline base contained 
in It Potash-soaps are deliqueseout, and do not dry up when exposed in Boliition 
to the air, but retain so much w.itcr as to form a soft slimy jelly ; when artificially 
dried they absorb a large qu.intity of moisture, and likewise become converted into 
a jelly This kind of soap is culled soft soap, in contradistinction to tho socla- 
soap, or hard soap Tlie latter neither letains so miichw.ater, nor does it .ilisorli 
so much as to render it soft, but haidons when exposed to tho air, and with a 
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certain amount of water forms a perfectly solid mass, in which it is difSciilt to malce 
impressions with the finger. 

100 parts of dry potassic oleate absorb from the air 162 parts of water. 

100 „ „ „ pabmtate „ „ 36 „ „ 

100 „ „ „ steaiate „ „ 10 „ „ 

100 „ „ sodic stearate „ „ 7jj „ , 

Soft soap is miido from train-oil and the drying regetable oils, such as linseed oil, 
hard soap from tallow, and the non-drymg vegetable fats and oils, and mixtamos of 
these with rosin Eosin by itself forms a soft soap, either with potash or with soda, 

Every kind of soap found in commerce contains a variahlo quantity of water, partly 
in chemical combination Hard soap becomes haider by drying, so that at last it can 
be pulverised. Potash-soap decomposes the salts of sodium, c g, common salt, or sul- 
phate of sodium, forming chloride or sulphate ot potassium, and a soda-soap It is, 
indeed, in this indirect manner that hard (soda) soap is sometimes manufoctraed in 
Germany. 

Soap IS perfectly soluble m alcohol and in hot water The aqueous solution is more 
thickly fluid and slimy than the alcoholic solution, but both solidify to a joUy at a 
oortaiu stage of concentration ; opodeldoc is soap mixed with nlcohof in this state of 
concentration. Potash-son]! is more loadily soluble in water than soda-soap This is 
better seen with the salts of the pure fatty acids than with ordinary soap Steaiato 
of sodium undergoes hardly any change when brought together with 10 parts ot water, 
whilst stearate of potassium is converted by it into a thick jelly Oleate of sodium is 
soluble in 10 parts of water, oleate of potassium m 4 parts, and forms a jelly even 
with 2 parts of water , pahnitato of potassium is converted by 10 parts of water into 
a stiff Uiinsparent jelly 

Cold water does not dissolve the alkaline olcatcs, pabnitatos, and stearates, which 
constitute oi’diniiry soap, without decomposition, tlio neutral salts being thereby rcsol \ od 
into alkali which dissolves, and into an ueid salt which is prceipit.itod The siuiic 
decomposition ouciu's when hot solutions of soap (particuliuly weak solutions) are 
eoolud. 

This reachon explains why, in using soap, even with the piuust. water, a whitish 
turbidity {soapmils) is always obUiued, the alkaline jvroperty of soapsuds is duo 
solely to the libeiiition of a portion of eimstio pot.i3h or soda, which roiuoies the fatty 
impurities in wilier. 

Soap IS quite insoluble in a solution of common saJi contaiiiiiig more tliaii 1 part of 
salt in 400 of water honeo, on adding a certain quantity of salt to the contents of the 
soap-pun, consisting of soap alioady formed mixed with gljcerm and rxcosa of alluh, 
and coutimuiig tlio boiluig for a corUim time, the soap ultimately separutes completely 
from thow'iitery liquid, and rises to the surliice, in thofoimof agi.mularimiss or ourd, 
while the glycerin and alkaline salts iciriaiu dissolved at the bottom of the pan, consti- 
tuting what are called “ spent leys,” and may bo drawn off or pumped out The soap 
may then be ladled out oi rim off into iron or wooden frames, and left to cooland solidify. 

All varieties of so.ip are not sopunited with tlie same e.ise from their solutions, by 
means of salt. Thus soap mule from cocoanut-oil requires a much larger quantity of 
salt to separate it from solution than soap made from tallow, the former being soluble 
in siilmo solutions, in which the latter is perfectly insoluble Eosin-soup is affected 
by common salt in the same manner ns tlio soaps from fat. 

Tlio same results as those obtauied by the use of common salt are also produced, 
although in a leas energetic manner, by chloride of potassium (which acts but slightly), 
alkaluic carbonates, sulphate of sodium (also very w'cak in its action), acetate of potas- 
sium, and siil-ammoniiic. In weak eaiistie ley, soap is perfectly solublo m strong ley, 
on the contrary, or when the concentration of the ley is iucroa.sed by boiling, tile soap 
sep.ixatcs in the same nianiicr as from a solution of common s.alt. For this ren.son, 
soap-boilers aro in the habit of using weak loy, particularly iii the hcginning of their 
operations, ns stronger ley, in separating the soa]!, would prevent the necessary amouut 
of contact ' ' and very mneh leturd the process of sapouiflcutiou. 

It is ■ preparation of soap, entirely to avoid the presence 

of c.irtlis and raotatlio oxiflea These, consequently, decompose a small portion 
of the soap, combining with the fatty acid, which they take from the alkali 
Portions of limo and magnesia constantly acconip.iny the caustic ley, and ate brought 
with it into the boiliiig-pun, and the aides of the vessel are always snfflciontly acted 
upon to impart a visible trace of non or coppor to the soup The soaps formed with 
lime, magnesia, iiou, and copper are not soluble, and they are much le-s rapidly 
Bofroned by heat than the eorruspouding alkaline coinpcinds They are dissoniiiiatod, 
however, in such a miinito state of division tliroiiglioiit the mass of hot soap, as ,11111081 
amounts to solution As the soups of non and cojipcr possess the colouis peculiar li> 
the salts of those metals, the whole ui.iss of &o.ip acquires by their prosuucu .i uniform 
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f^reunisk or kkia colorir, p.irtly caiisert by the eulplmr contained in the ley (particularly 
in Bodtt-ley), forming sulphide of iron or copper. When a soap of this kind ia allowed 
to cool rapidly, the cut surface presents a uniformly coloured appearance, sometliing 
like wot slate If the mass, however, cools slowly, the soaps of the earths and metallic 
oxides separate from the great bulk, and collect into laiger or smaller groups in different 
parts with a certain degree of regularity, gmng a maihled or moitltd appeaiance to the 
cut surface The substauees which irapiut the mottled appearance to soap, are only held 
in suspension in eonscqnenco of its thick state of fluidity The mottled appearance may 
therefore be entirely removed, and white soap produced, by adding a certain quantity 
of water, so tliat those substimees may subside, while the soap is still m a perfectly 
liquid state in the hoihng-pau This additional quantity of water is not again separated, 
hut remains with tho soap Great importance was foimerly attached in commerce to 
the mottled appearance of tho soap, as affording a sure indication tliat the amount of 
water m the soap eaimot exceed a certain hmit Methods have, however, been dis- 
covered of imparting any kind of mottled appearance to soap containing much more 
water than the ordinary cm-d-soap, hy mixing mineral colours with it when it has at- 
tained a oortaiii stage of hardening The dark-coloured mass formed by the siib- 
sidcnee of the impurities above mentioned is technilly called “niger” or “ nigre," and 
IS sometimes used tor mottling other soaps 

Hard Soaps. — These soaps, as already observed, are made with non-diying oils, or 
solid fats, and soda Their hardness is m proportion to the amount of steai'io and pal- 
mitic acid which they contain Soda-soups, made with drying oils, such as linseed-oil, 
ai'e pasty, and oasdy liquefied by a small qiumtity of water j in fact, they approach to 
the character of soft soaps made w'lth potash 

The most important kinds of hard soap aro those made with tallow andmth ohve- 
oil, the former material hoing used in England and other northern countries, tho latter 
m the South of Europe 

Tlie following description, hy Mr Gossage, of the English method of making hard 
soup, is taken from Richardson and Watts’ Otcmical Technology (i. [3] 679) — 

“ The fatty and oily materials which are used for the production of hnid eoaps m this 
country are tallow, palm-oil, and cocoanut-oil, also rosm, the whole of which ai'e 
saponified hy soda 

“ The manufacturer prondes himself with solutions of caustic soda of vafious 
strougtliB, called ‘ leys,’ these being obtained by boding together a solution of oiubo'- 
nate of soda and slaked lime, running off the first solutions, and washing the residual 
carbonate of lime with seioral alfiisioiis of water — tho last liquors thus obtained bemg 
neeil for dissolving a fresh hatch of carbonate of soda, 

“ It IS a well-known fact that lime, m whatever proportion it may be used, does not 
effect the perfect decomposition of carbonate of soda, unless the latter is present as a 
woak solution And ns any alkali in the sbite of carbonate which may he introduced 
into the soap-copper is incapable of decomposing the neutral oils or fats, it becomes 
wasted , therefore the mamuaeturer uses eolutions of carbonate of soda of such strength 
as will yield leva (solutions of caustic soda) having a speeiflo gravity not exceeding 
1 QUO. 

“ Soap-pans are made of vanons sizes, some being as large as 15 foot diameter and 1 6 
feet deep, capable of yielding 25 to 30 tons of finished soap in one operation They are 
at the present time constructed of wrought-iron plates joined together by rivets The 
contents of these pans are usually caused to boil hy the injection of free steam through 
a number of small holes in a circular bent pipe, which is m connection with a steam- 
hoilor The pins are also sometimes heated by means of fires placed nndemeath the 
lower part, or by steiim-ehambers formed round the lower part of tho pans. 

“ Tho manufacturer charges his soap-pan at the commencement with a quantity of 
neutral oil or fat, and adds to this weak leys having a specific gravity of about 1 050°. 
He causes steam to be injected to produce ebuUitiou and mixing It the process goes 
oil properly, the oil or fat which was previously floating on the surface of the ley 
becomes speedily combined therewith, producing a uniform milky emulsion, from which 
no watery particles separate on cooling If this combination does not take place, the 
oper.itor adds either water or weaker ley, and continues the boding until tho perfect 
emulsion is produced , at this period all taste of alkali in tho compound has passed 
away — the tongue being used, in place of turmeric-paper, to aBCortam the presence of 
free alkali The combination of tho oil or fat with tho mineral alkali, or the displace- 
ment of the glycerin, having been thus fairly put in progress, the operator makes 
repeated additions of stronger leys, continuing the hoiling uiitd he finds tho presence 
of free alkah in the compound , he then adds more oil or fat, or some rosin , ho also 
continues to make repeated additions of stronger leys In tins part of the operation 
he takes care that there shall be no excess of alkah present m the coiiipoiiiul at the 
period when the soap-pan has become nearly filled hy the repealed addition of oils or 
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fats and leys He then adds common salt to the mixture, whidi, by its superior affinity 
for uatei, .is compared with that of tlic saponaceous compound, oftects the decompo- 
sition of the emnlbiun, and causi's this to he separated into soup combined -with a deft- 
iiite quantity of water, but not haying its full proportion of alkali, and a solution of 
common salt, which latter contains the glycerin of the fats or oils employed The 
Bo.ip floats m a granulated state on the surface of the solution, which is then called 
‘ spent leys,’ and should contain no free alkali After a few hours for subsidence, 
the exhausted solution or spent loy is withdrawn fioin the soap-pan fiom under the 
imperfectly made soap, and is rejected as worthless 

“ The workman commences his second operation hy the addition of some Weakley to 
the imperfect soap, and by boding ho brings the contents of Ivis pan again into a state 
of homogeneous mixture,— called the ‘close state’ as contradistinguished from the 
condition lu which the soap is granulated and separated from the liquid contents of the 
p.an , and if he lias not already added his full complement of oils or fats, hecomplotes 
the addition of these, adding also strong leys, imtil ho finds the mixture has acquired 
.1 strongly alkaline taste. He then adds sufficient common salt to c.inso the separation 
ot the soap from the alkaline solution, and boils the soap for some hours in the prcsonca 
of the alk.dine solution, to ensure the whole of die fatty matter being combined with 
alkali. If it is intended that the product should be framed as a • curd ’ soap, it is 
allowed to leraam quiescent for a few hours, so that the leys may subside , and the 
soap IS then skimmed off and transferred to the ‘fr-iuies,’ m which it solidifies by 
cooling, and is then divided, by cutting with wires, into slabs and bars lendy to bo 
delivered to eonsumeis If the soap oontama rosin as part of its acid conatituonts, it 
requires a further operation before framing This consists m melting the curd-soap 
(after abstraction of tho aIk.iliuo leys from the lower pai’t of the pan) with the 
addition of water, and boiling llie mixture by steam or firo, or both steam and fire, so 
as again to pioduce a bomugeneons compound, containing an indefinite proportion of 
water, and allowing this compound to remom quiescent for two days, when a 
separation takes place, re.sulting in the elimination of a definite compound, containing 
about 65 p c. of fatty acids, 6 5 of soda, and 28‘o of water This foms the upper stratum 
of the contents of tho soap-pan, nudomeath which is an indefinite compound, technically 
called ‘ nigre,’ containing a much larger proportion of water. When it is judged 
that the sepal ation ot these compounds h.is been well effected hy subsidence, tho upper 
portio'n, or the definite compound, is usu.illy taken out of tho so.ip-pun by ladling, 
and transferred to frames, to solidify by cooling. The residual portion, winch contains 
an excess of alkali as well iis of water, is boiled up with salt and the addition of fitly 
materials, to form part of the sueceeding boil of soap 

“The nigre, reraoied as above deseiibed, is p,irticularly well adapted for making 
mottled soap For this purpose it is treated with the usual finishing loy for a mottled 
so.ip, and boiled till it is fit to bo triiiisvased into the frames. The quantity of nigre 
obtained from one fitting or puiut^ying operation is not enough to be conicuiently 
boiled by itself, it should thcroforo be saved, and six or moio batches operated upon 
at a time Occasionally a portion of bonc-fat may be added, and the soap finished as 
ordinary mottled soap.” 

The method of making olive-oil soap, as practised m Franco and Italy, and the 
modern Gorman method of making tnllow-soap, aro similar in principle to tho above. 
The old German method consisted in saponifying tlie tallow with pot.ish, and converting 
the resulting potash-soap into a soda-soap by decomposition with comnioii s.ilt This 
method, brought to groat perfection by long experience, enabled the manufacLuror to 
prepare an excoUeiit soap from veiy impure materials , but the meroasiiig price of potash, 
and the cheapening of soda, have caused it to be nearly abandoned for tho modern 
method of sapomflcntion by soda alone For details ot these mothods,and for figures and 
descriptions of the uiHchiuery used in soap-malang, see Tbc/inofwyy, voi i pt 3 

Cocoanui-oil Soapj Manne Soap — Cocoaiiiit-oil diffiu's in coiistiUitioii from other 
Togetablo oils and from billow, and its reaction with saponifying agents le also quite 
peculiar The soap prepared from it can only be SBp.irated from solution by voiy 
strong solutions of common salt ; in fact, it is soluble in dilute brine, and is therefoio 
serviceablo for washing in saltwater' hence tho name Mat me Soap 

Coeoanut-oil soap is prepared with tho strongest soda-ley, of specific graiity 116 
(2(1° Bm,), and by using perfectly pure and caustic ley, and aioiding excess as much 
as possible, the process of salting out may be dispensed with. The saponification is 
facilitated by tlie addition of potash to tho soda 

Pure cocoauut-oil soap hardens much too quickly to exhibit any distinct formal ion 
of curd, and is consequently incap.\bl6 of marbling by itsolf it is very white, traiiblu- 
cent like alabaster, exceedingly light, and forms a good latlier, but always possosses a 
disagreeable savour. No means have as yet boon mode known to remove this smell, 
although it appears dint scvor.al miinufaetureisare possessed of the secret An important 
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property of coeoamit-oil soup is Us power of comlnnins wjlh more water tlian can 
over bo comimtiHeated to tallow-soap, and tins pioperty of the soap frequently 
gives rise to dishonest traffic. Cocoanut-oil iictu.illy produces no greater quantity 
of soap than an equal weight of tallow, but the soap from the former can easily bo 
made to absorb one-thivd mure water or ley Oidinary soap treatrd in the aamo 
manuor, or containing tho same quantity .if water, wonld be so solt that it would 
yield easily to tho pressure of the tlmmb, hut cocoanut-oil soap neither exlnliits 
any want of consistence or softness, nor does its appeaviinco in any way imUciite the 
fraudulent practice which has been adopted in its iiianiifacturu 

A. remarkable fact observed by >in.\p-boileia, but by no means satisfactorily ov- 
plamod, IB that cocoanut-oil is sapoiiiflccL with so much tho more difficulty the more 
rancid it has become. 

In general, cocoimnt-oil is not saponified alone, but is employed as an addition to 
tallow, &o , for the purpose of producing qmcklj-solidifying soaps containing a large 
proportion of water, which could not be obtained ftom tallow alone It is oven pos- 
sible to prepiare soap on a large sciJein afewliour8,withoiit6.ilt,andalmoat witlioutiiro, 
by the use of cocoanut-oil and tallow, which are merely warmed together with stzong 
ley sufficiently to molt the fat, and kept in a constant state of agitation 

The difibrent kinds of eocoannt-oil soap, winch all belong to tlie class of soaps con- 
taiuiug a considerablo quantity of water, ate marbled artificially Miu-bling or 
mottkng of this kind is not dependent npon tho production of Curd and Fluur, but is 
simply a mechanical effect, earned out in tlio following in.umer — The blue or red 
colour (hole, &e ) is rubbed up with a residue of the soap, or bettor with a separate 
portion of good cocounnt-oil soap, until the whole aequiies a uniform red or blue colour. 
This is now scooped into the form in alternate layers with the culoiirlesa soap, and by 
stirring the mass together, streaks and veins are produced in all directions. 

Castor-od Soap — Oastor-oil is readily aapnniflcd by stiong soda-loy The product 
is white, amorphous, aud translucent, and possesses considoi.ible h.irduosa, oven 
whenitcontams as muchasIO per cent, of water. (Soeber, Dingl polyt J.cxMcvni. 
806.) 

Paim-oU Tins soap is boded witb caustic soda, nearly in the same mann(>r 

as tullow-so.ip It lias an agreeable bub powerful smell, and a yellow oolour wliou 
the od is used in on unbleached state, but is white, with a very slight odour, when 
the oil has been bleached Palm oil is seldom used as soap-stock witliout the 
addition ot some other fat : 3 lbs. of palm-od to 1 lb of tallow forms a good so.ip 
Aa inferior article, called “ demi-palme,” is obtained from 1 lb of palui-oil with 4 lbs. 
of tallow 

Palm-soap, whoa caiefully prepared from piiio m.iterials, possesses emollient pro- 
portios, which, combined with an agreeable odour, render il well adapted for toilet pur- 
poses. In Prance a good toilct-soap is projuroil tram a mixtavo of 9 parts of palin-od 
and 1 part of cocoanut-oil, and a domi-palmo so.ip, also for the tudet, witli 11 
parts of white tallow, 3 ports of palm-oil, 1 p.irt of cocounut-oil, and 1 part of puri- 
fied yellow resin, 

Jfesm (or Yillm) Soap — Colophony at the boiling tempevatura, when it is perfectly 
fluid, combines with the alkalis much more rapidly mid witli gro.itor case than the 
fats thomsolves The soup sepavatca on the aiirfaeo, when ,in excess of o.irbunato is 
used, or m presence of common B,ilt, ns a thick stiiiiy brown muss, em.-'lhug strongly 
of rosin, and containing 16 8 pet cent, of dry soda Tho auiouut of water m this soap, 
although not exceeding 27 to 30 per cent , is uevortholess siifheiont to communicate to 
the soap a smeary viscid consistence, which is not altered liy long exposure to tho 
air. The nttraotioii of tho soap for water is so gioat, tli.it it becomes liquid on expo- 
sure, after haring been pievioiisly diiod .irtiflohilly. 

Although rosiii-soap by itself is thus unfitted for use, an excellent and perfectly firm 
product IS obUined by its combination in certain proportions with tallow and palui-ml 
soap Tho amount of rosin in this mixture should not exceed onc-tlurd of tho fnt; 15 
per cent of rosin makes a good soup, but beyond that limit, the soap is depreciated in 
colour and firmness. The gro.iso-stock of which tins kind of soap is gonorally umdo 
consists of kitcheii-fat, bonc-fiit and red oil. 

The best plan of preparing this sunp, is to saponify tho .rosin and tallow separ.itcly, 
and to mix tho two aoapa m the boiler, wlieie they are retained in a state of ebiillitinii 
for some time, until a unifoiin mixtiivo has been effectisl; salt is then .added, and tlic 
soap brought into tlie moulds. It is not ndvisablo to mix the separate soups in tlie 
moulds, which is a phiii sometimes adopted In this country and m America, where rosiii- 
soap was first manufactured, it is iisiml to add the rosin, in the torm of coarse powder, 
with the last quantity of ley, to tho fatty (palm-oil or tallow) soup, consequently 
before tho boiling 18 finished , mid to boil the mixture with the necessary addition of 
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Icy for completing tho fommlion of tho rasmoua compound This point is attamod 
when a cooled specimen presents tlio proper conBistonce, and leaves no film of losin when 
used for washing the Iiiinda. The boiling finishes with tho addition of some weak ley 
to tho soup, which has already separated from tho nnder-ley , this addition is mada in 
Older to facilitate the deposition of the impurities with which commercial colophony is 
always mixed , tho soap is then carefully filled into the moulds 

Eosin-sonp thus prepared has a brownish colour, which passes into that of yellow 
wax when palm-oil is used, and this of coiiise requires no previous lileaclimg. It is 
very firm, somewhat rough to the touch, and very translucent. The best quality 
oxhilnts on the cut surface a fibrous structure like that of wood Itpioducos an excel- 
lent lather, but always retains the smell of rosin Tho low price of rosin rendors this 
soup cheap, and for common washing purposes, where tho smell is not an objection, it 
IS a highly useful product. 

Slid Od or Olew Soap . — ^This oily acid is much used for the manufaetiu'o of soap, the 
saponification being easily effected, inasmneli ns the acid is already separated from tbo 
glycerin, and has merely to enter into combination with tho allcali. 

It may he prepared by boiling 1300 lbs of soda-loy of 18° B. in the kettle, .and 
teating it in separate portions during stirring with 1000 lbs of red oil or oleic acid. 

Oleic acid is also frequently nsed, together with tallow or beof-inarrow — for instance, 

3 pts. of oleic acid to 2 pts of the neutral fat — also with rosin 

CarapboU Morfltt has patented a process (1808, No 688) for preparing soap with 
red oil or other fat-aoid and carbonate of soda, in the form of hanlla, kelp, trom, sed- 
boda, eoda-ash, hvearlonate of soda, &c. 

The red oil, or other fatty acid, is poured into an open pan with a fire beneath, or, 
preferably, into a kettle or tub, which it fills to one-third of the depth, and agitated 
and heated by steam twirl If it is desired to make a grade of soap lower than 
toilet-soap, I'osiii is to bo added m small lumps as soon as tho oil h.is bocoine hot. 
The proportion of rosin may range from 5 per cent, ot the fat-.icid nsed .and upwards. 
When, after continued heating and storing, the rosin becomes entiridy dissolved, 
carbonated alk.ili, finely powdered, is to be added portionwise to tho liomogoneoiia 
mixture of fat .ind rosin, while the twirl is kept slowly revolving. When aU the 
alkali 13 in, and the intumescence has subsided, tho paste will begin to thicken, and 
will promptly assume tho condition of so.ip. At tins stage it is shovelled out into tho 
frames, and loft to settle. 

For neutral soaps, the quantity of carbonated alkali should only slightly exceed tho 
chemical equivulciit m-oportion, and must be determined by calculation from tho coni- 
hming nunibor of the fat-iicid which constitutes the “ stock ” For strong snaps, tlie 
quantity may bo increased several per cent beyond that proportion. For toilet-soaps 
the rosin is omitted. 

The relative proportions of fat, rosin, alkali, and w.iter in this soap being ad- 
justed nt the beginning, there is no waste ley or any other residue , and the eoap 
IS said to eomo out promptly, and in greater perfection than can be readily obtained 
by the usual method of boiling soap upon caustic ley Tho soap is always 
uniform in appearanco and composition, and does not shrink or deteuorate by 
time and atmospheric influence. It wastes slowly in water, gives a rich lutlicr, and 
whitens the clothes. 

Soft Soap. — Tho substance commonly called “ soft soap” is a more or loss impure 
solution of potash soap in caustic ley, forming, at ordinary temperatnroa, a trans- 
parent smeary jelly. If an attempt were made to separate tins soap from the ley by 
means of salt, tho potash-soap would bo converted mto haul soda-soap by the elilorido 
of sodium. 

Tlio miitei'ials employed in this country for making soft soap iiro whalo-oil, scnl-oil, 
linsaed-oil, and tallow ; on the Ooutmoiit, hemp, liiisood, aimelma-oil, and poppy-oil 
(which belong to tho class of drying ods, and do not become solid at 0° C.) tiro used , 
also the different varieties of rapeSeod- and train-oils, which do not dry up, and 
become partially solid at 0° C. The former produce a softer kind of soap, the lultor 
soap of fuaner consistence , it is therefore nBU.il to mix the oils in differont proportions, 
according to tho season of the year, choosing the drying oils in tlio winter, and tho 
others for the summer, when tho market-pneo admits of this selection being made. 

In boding soft eoap, tho weaker leys from 9° to 11° B. (specific giavity I'Ofl to 
1 08) are first used, and a moderate heat is applied, and kept up until complete com- 
bination is effected, — i.e , until a thick sticky fluid falls in streaks from tho stirrors , 
tins ought to possess a shmmg appearance, and although it may be somewhat turbid, 
should not resemble soap sep.irated by moans of salt. 

As soon ns theso chiiracters clearly appear, the clarification is commenced by tho 
gradual addition of stronger ley. This is kept up at intervals until the mass of soup 
assumes the appoaraiiee of a ti.uispivent slime, a drop of whicli lot fall on a glass pinto 
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renmuiB clear on cooling ■without exliihitmg any fatty border, which would indicate 
incomplete sapouifloatiuii . if on the other liand, there is im excess of ley, tlie drop is 
granular without lustre, and a grey skin gradually spreads over its whole surface. 
Whan, the right proportions havo been attained, the excess of water is removed by 
evaporation, the fico being incioiisod and the evaporation ueceloratad by beating the 
froth vnth stirrers, so ns to renew the air over its surface As evaporation proceeds, the 
so.ip becomes thicker, its eulonr becomes darker, and lass froth is produced At last 
the froth is so much diminished that the soap ainks, and the bubbles are so fur larger 
that they reaemblo films or lamellm, which overlap and cover each other upon the 
suifaco This is what the soapboilers term the lamination, and the noise ooeusionod 
by the process gives nso to the saying, "The soap talks” The soap is now really 
finished, but another specimen or test is taken before it is scooped out into the moidds. 
When tins no longer shows any opaque zone, after Inning cooled for some time, or 
only 111 a very slight degree, it may ho safely concluded that the proportions in 
the pan have been properly uttaiued. The fire is then extinguished, the soap is loft 
for some time longer in’ the pan to cool, .uid packed in small casks for sale. 

There are two kjnds of soft soap known in commerce, the composition of which is as 
follows — 

First Second 

quality. quality 

Fat-acida .... 6(1 0 40 0 

Potash .... 11‘5 D 5 

Water, &c 38 o 60 d 

100 0 100 0 

Soma kinds of oil, liompaeed-oil for example, impart to the soap a green colour, 
which is much prized by consumers’ hence it is often artificially produced, by milling 
the soap witli indigo precipitated by potash from its solution in sulphuric acid. 

A so-called corn or gram is sometimes produced iii soft soap by the addition of 
tallow The soap then retains its ordinary character, but fine granular particles of a 
crystalline structure ore observed in it, consisting probably of salts of steario and 
palmitic acids. The formation of this grain requires a certaui degree of heat, and can 
only be effected in the colder seasons of ths year, at tompoiutures between 9° and 1 6° 0, 
(48° and 69° P) This process is called “figging,” it is practised merely from 
habit, and no useful object u, gained by it. Attempts have been made to imitate this 
useless appe-irance in a manner calcurated to injure the quality of the soap. Thus, 
for instance, slaked lime has been used, with the production of a lime-soap, and even 
starch has sometimes been mixed up with the soap 

All kinds of soft soap exhibit a strong nlk.dino reaction, and are oharacterised by a 
penetrating ibsagieeable odour, which, however, does not necessai’iiy resemble that of 
the fats employed. The smell is most perceptible m soups prepared from tram-oil, 
and 18 due to the presence of potassic valerate 

Soft soap 18 used to some extent for washing coarso linen, but it is of far greater 
importance, as an indispensable and powerful detergent, in the Imen-bleachiiig works. 

Hoda Soft jSiinps. — According to Grantolo's recent experiments on a large scale, the 
potash-base of soft soaps may in part be repl.iced by soda, without disadvantage to 
the resulting soap The product bus the characteristies of soft soap, but contains a 
little more water The leys must bo fbee from s.ilt and other saline impimties, as 
they prevent the clarifying of the soap. The beet proportion is 1 pt of soda to 4 pts. 
of potash ley A mixture of 100 lbs of red oil, 60 lbs. of tallow, and 8,750 lbs. of 
hempsoed-oil malces a good stock for this soap 

All the soft soap (mvon vert) made m Belgium and Germany contains about equal 
proportions of soda- and potash-soaps 

A soft soap of film consistence (white soft soap) may also bn made by melting 
together 75 pts of tallow or tallow-Qil, and 26 pts of cocoaivut-oil, and boiling the mix- 
tuie with Icy till the paste sharply bites the tongue At this stage, salt solution of 
20“ E. 13 added, bo give consistence to the paste, and the soap on coohng is then reiitly 
to bt barrelled. 

Toilet Soaps. — Tlicsc soaps consist either of very pure ordinary curd-soap, or of 
soaps prepared by the cold process (p. 314) with bird, boof-marrow, or sweet-iilmond 
oil, .and peifumed in either case -wotli various essential oils To refine an ordinary 
soap — which should, of course, be as free as possible ftom colour and impuiity— for 
toilet purposes, it is reduced to shavmga, and molted over a water-bath with rose and 
oiango-flower water uud salt, 24 lbs soap being thus mixed with 4 pints of rosewater, 
4 pints of orange-flower water, and two Urge handfids of 3<dt The next day, if entirely 
cooled, the soap is cut up into small bars and dried in A shady place, then melted anew 
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in the sumo quantities of rose and orange-flowev water, and atramed ; afterwards cooled 
and dried again This done, the soap will bo free from bad odour It must be 
powdered, and exposed for several days to the air, but protectod from dust. It is 
then ready to receive the iiitonded perfume, and to bo moulded and pressed into the 

Another method is to melt 6 lbs of beat white soap in 3 pints of water, and whan 
liquid to strain it through a bnen cloth It is then placed m a kettle with a pint of 
water and a tablespoonful of salt , a brisk fire is kindled under it , and the contents 
are whipped or stirred to make diem foam and froth. The fire is then put out , the 
balling continued till the mass is sufficiently inflated , the fire again kindled ; and the 
kettle kept on till its contents swell and foam It is then emptied into the cooling 
fi'aines, and after solidification taken out, cut into cakes, and pressed. 

The perfumes used are chiefly volatile oils — viz., the oils of roses, bergamot, mallow, 
lavender, thyme, rosemary, lemon, verbena, vamlla, bitter-almond; nitrobeuzena is 
also used instead of the hist mentioned oil 
Toilet-soaps ate coloured blue with ultamarino, red with vormilliou, brown with an 
alkahne solution of burnt sugar A poach-blossom tint is said to be produced by- 
adding a little cream of tartar to soap winch has been perfumed with bitter-almond 

Toilet Soft Soap, or Shaving Cream, is made by gradually beating 50 lbs. of lard 
with 75 lbs of caustic potash-ley marking 17“ Bm, 

Qlyoenn Soap, which is used as a toilel-soap for softening the skin, is made by 
mixing glycerin with ordinary soap when transteired to the frames. 

Light or Flutant Soap. — ^This soap is prepared by threshing or agitating a solution 
of so.ip, to winch one-fifth or one-.sij.th part of water has been added, with a reuser or 
paddlewlieel, until the lather has risen to twice the height of the soap-solution, and 
then transforiiiig it to the moulda. A soap is thus obtained inflated with air, which 
gives it euffloient buoyancy to float on water. 

Tranmaient Soap is prepared by drying ordinary soap in a stove, dissolving it in 
hot alcohol, lo.iving the solution at rest to allow the impnnties to settle down, or 
removing them by filtration, the filter being supported on a funnel surrounded with 
hot water, then distiUmg oft’ the alcohol tiu tlie residue acquires such a consistence 
as to solidify when cooled in metallic moulds 

Slllcated Soaps. — Silicate of sodium (soluble glass) is a compound possessing 
oonsicUrable detergent power , in fact, tbo alkali contained in it is held in a state of 
feeble combination, similar to that in which it exists in so.ip made with fat When 
mixed -with ordinary soap, it forms a mixed soap of gi'eatly reduced price, and very 
useful as a clennsing agent for domestic uso, and in many manufacturing processes. 
Some of the so-called silicnted soaps, however, are mere mechanical mixtures of siUeious 
suhstaucoa (such as fine sand, alumina, fuller’s-earth, &c,) with ordinary soap . tliese 
are comparatively worthless. 

The value of the true silicated soaps was recognised at the Great International 
Exhibition of 1883, bv the award of a prize-modal to W. Gossage & Sons, for " Excel- 
lent Samples of Siliouted Soaps ” The luunufactm'e of these soaps is now carried out 
on a most extensive seals. 

Eor hard soaps, the soluble glass is prepared by melting together, in a rever- 
beratory furnace, 9 pts of soda-ash (coutauiing 50 per cent, of caustic soda) with 11 
pts of clean sand , and for soft soaps, equ^ weights of carbonate ot potash and 
Blind To effect solution, the glass, after being drawn off into moulds and quenched 
with water, is either ground in .i mill and then boded with idkalmo water , or it is 
placed in luims in an iron vessel having a ialsn bottom, and water is poured into the 
vessel in sufficient quantity The mixture of the soluble glass and soap is effected by 
a mechanical stirring apparatus woikod by steam-power 
When it IS desired to produce a compound soap having less detergent power than 
the compound soaps obtained by mixing genuine soaps of ordinary quality with solu- 
tions of soluble glass, a portion of the alkali contained in the solution may bo 
neutralised by combimiig it with rosin or with fatty or oily acids The coinlunntioii 
IS effected by boiling tbe rosm or the fatty or oily acids with solution of soluble 
glass, in the same ra.inner as rosin and other soap-making materials are combined with 
alkali in the ordinary process of soap-makiug, 

Gossage also reduces the quantity of free allcali in his silicated soap by neutraliaing 
it with sulphuric, hydrochloric, sulphurous, or carbonic acid, added either before or 
alter the incorporation of the glass with the soap. The carbonic and siilphuroua 
acids are passed into the liquid in the gaseous form. 


mixed Soaps of various kinds. — Numerous processes have been devised and 
patented for reducing the cost of so.ip by mixing it with varjous substances-— e.y. gelalin 
Von. V, y 
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ground bones, dextrin, oleaginous seeds, potatoes, glue, wool, cotton, (fee,, some of which 
are said by the mventois to increase the detergent power of the soap , also for the 
so-called saponification of various hinds of animal refuse (such as stale fish, intestines, 
shins, hoofs, &c ) hy boiling them with alkali ; but most of the soaps thus prepared 
are worthless articles, or if they have any value at all, it it. simply in proportion to 
the amount of genuine soup made from fat contained in them 

The late Dr Uormandy patented several processes for the preparafiou of " salinated 
soap " This soap contains the sulphates and carbonates of sodium and potassium, or 
sulphate and hydiosulphite of sodium, added while the soap is yet in paste One pro- 
cess consists in adding to 80 lbs of soap, 28 lbs of sulphate of sodium, and 4 lbs. of car- 
bonate of potassium, or 2 lbs of carbonate of potassium and 2 lbs of carbonate of 
sodium. Or, if the substances .are used singly, then to 80 lbs of soap add only 32 lbs. 
of sulphate of sodium, 16 lbs of carbonate of potassium, or 10 lbs of carbonate of 
sodium. As this soap eontaius an excess of alkah, it may perhaps answer well for 
marine use 

Tho addition of these salts renders the soap harder, and, according to the inventor, 
renders it possible to prepare a useful soap from several cheap oils, which would other- 
wise yield a soap too soft for ordinary use. Sulphite and hyposulphite of sodium have 
also the property of removing the clUorine whicu bleached tabrios are apt to retain, 
and by winch they are deteriorated. 

(Sor farther details respecting these mixed soaps, and vanoua other patent soaps, 
see Chemical Teahnologxj, i. [3], 716 ) 

Ballway and IVaggon Crease. — The grease or soap used for diminishing 
friction on tlie axles of ciirriages la of two kinds. The one, called “ locomotive gi'eaeo,” 
adapted for high velocities, is prepared by heating palm-oil, or a mixture of palm-oil 
and tallow, wi A a solution of sodio carbonate, wheieby an imperfect soap is produced. 
Tho grease thus prepared is used for pasaengor-cariiiiges, and lately also for such 
goods and mineral waggons as are provided with axle-boxes. 

The other kind, called “antifriction ” or “ wag^n-gi’ease,” is adapted for low speed, 
and lb used for waggons having no axle-boxes. It was originally prepared by agitating 
rosin-oil (obtained by distillation of colophony) with milk of lime in a pulpy condi- 
tion ; but tho present high price of rosiu has compelled manufacturers to employ 
several cheaper substitutes for it — such as paraffin residues mixed with coal-tar, 
residues ftom candle-making, cotton-seed oil, flsh-oil or footes, pitch-oil, the heavier 
pai'ts of American petroleum, &c. {Chemwal Techiology, i [3], 742, [6], 665 ) 

Andysia and Valuation of Soap, 

The value of soap depends mainly on the amount of diy soap (the dry compound 
of alkali with the fatty acid) contained m it, and this is easily ascertained by ex- 
posing a weighed specimen, m the fonn of thin shavings, to the heat of a drying stove 
or over oil of Vitnol till its weight no longer diminishes The residue is dry soap, 
and tho loss of weight is hygroscopic watei, or water which has been purposely added to 
the soap, either m the pan after it has been brought to the state of curd, or after its 
transference to the frames 

To determine the proportion of ftit-aoid and alkali, the dried soap is decomposed 
by a measured volume of standard gulpliiirio acid, and the fat-aoids and rosin which 
rise to the surface are collected on a weighed filter, washed with hot water, dried in a 
vacuum, and weighed The weight expresses the joint amount of fatty and rosm-acids 
in the soap Cold alcohol will dissolve out the fatty acid, together with a small 
quantity of rosin, and the filter dried in a vaemun, and weighed again, gives approxi- 
mately the amount of rosin. 

The niitm'o of the fat-acids may he determined by their consistoucy and melting- 
point. If oleie acid greatly predominates, so that the fat-acids show but little tendency 
to solidify, the quantitative estimation may be facilitated by the addition of a weighed 
quantity of while wak 

The quantity of siilphurio acid neutralised by the alkali in tho soap is deter- 
mined by means of the quantity of a standard solution of caustic soda required to neu- 
tralise the excess of acid remaining afterthe decomposition (see AuaxmiuTnv, i. 117, 
261) This determines the quantity of alkali in the soap, and the total amount of 
water, alkiili, and fatty acids deducted from the weight of soap analysed, gives the 
quantity of foreign matter present, which, if the soap is unadulterated, should not 
exceed 1 per cent 

The amount of alkali m soap may also he determined by incinerating the soap in a 
muffle The rosidne then consists of sodic or potassic carbonate, which may be weighed, 
and the quantity of alkali thence calculated if the soap is genuine, or determined by the 
alkulimetrio method if other substances are likewise present. 


SOAP. 


323 


Cailletet (Bull Soe ind do Mulhouse, xxix 8) has proposed a method of 
analysis by which only one -weighing is required — viz , that of the quantity of soap 
aualyaed. The soap (10 grammes), m thm shavingB, is decomposed by a measured 
volume of sulphuric acid of known strength in presence of a measured volume of 

011 of turpentine The fatty acids thus liberated dissolie in the oil of turpentine 
and increase its volume, and this increase, multiplied by the specifie gravity of the 
fat-acid, determines its -weight Tho amount of alkali is then determined in the 
manner just described, and the water is estimated by diflference this, of course, im- 
phes that the soap is genuine, otherwise the difference -will include the foicign matter 
as well as the water 

The standard acid is prepared by mixing 189 81 grammes of the strongest sulphuno 
acid, with sufficient distilled water to make up the volume to a litre at 16° C 

Of this acid, 1 0 cubic centimetres neutralise 1 "2 grammes of soda (Na^'O), and are therefoi o 
sufficient to decompose 10 grammes of soap, tho amount of alkah in which never exceeds 

12 per cent 

10 cubic centimetres of the standard acidand 20euhioceutimetio3of oil of turpentine 
are poiu'od into a tube containing 60 cubic centimetres, and divided into 100 equal 
parts 10 grammes of the so.ip in thiu shavings are then added, the tube is closed 
with a good cork, well shaken for a few minutes till the soap is dissolved, and thou 
left at rest for a quarter of an hour, tiE the oily solution of the fat-acids has com- 
pletely separated from the watery liquid 

The volume of this oily solution is now to be read off) a deduction of half a division, 
or ^ cubic centimetre, being made to allow for tho diminution of the capacity of the 
tuba, and consequent rise of the level of tho ofl, occasioned by the thin film of watery 
hquid which adheres to the inner siudace of the lube. 

In an experiment made with olive-oil soap, the total volume of liquid in the tuba 
after agitation and standing -was 79'5 dmsions, and that of the wateiy liquid 26 dm- 
siuns . hence the volume of the oily solution was 79 6 - 26'8 = 63 divisions, or 28 6 
cubic centimetres Deducting from this the volume of turpeutine-oil added, the re- 
mainder (=.66 cubic eontimetres), is tho volume of tho fat-oeids in the soap 

To determine the specific graiity of these fat-acids, 10 grammes of the same soap 
wore dissolved and decomposed by sulphuric acid , 10 gramnies of white wax were then 
added The union of tins wax with the separated fatty acids was promoted by heating, 
the whole then left to cool, and the cake of wax sep-irated from the liquid, dried between 
filtering-paper, and weighed Its weiglit was 16 97 grammes, which diminished by 
10 grammes, the weight of the wax aidded, gives 6-97 grammes as that of the fat- 
acids in the soap ■ and this divided by 6 6 cubic centimetres, the volume of tho fat- 
noids obtained from the same quantity of soap, gives 0-918 for the speeiflo gravity ot 
these fatty acids. By similar experiments -with different kinds of soap, the speeiflo 
gravities of the fat-aads contained m them wore found to be, on the aveiage . 


Spocinc Ormlty of Fat- 

Ohve-oil (Marseilles) soap ... 0 9188 

Cocoanut-oil soap 0 940 

Palm-oil soap . . ... . 0 922 

Tallow soap 0-9714 

Soap from oleic acid • 0 9003 


■When rosin-soap is shaken up -with dilute sulphuric acid and oil of turpentine, 
scarcely any of the rosin is dissolved If fat-acids are bkcwise present, those dissolve 
in the oil of turpentine, but the quantity of rosin dissolved is only sufficieiitto increase 
the volume of the turpentine-oil (20 cubic centimetres), by cubic centimetre. The 
nudissolved rosin collects below thd turpentine as a bulky layer, so that in this way 
the presence of roam in a soap can easily be detected 

Bolley's Method — One gramme of the soapisdecoraposedin a small heaker-glass with 
ether and acetic acid Two layers of liquid are then quickly formed, the upper hohig 
an ethereal solution of tho fnt-acid (or roam), and tho lower an aqueous solution of 
alkaline acetate and of tho salts contained in the soap, whilst insoluble admixtures are 
loft in various forms, .iccording to their particular nature Tho two liquids are sepn- 
rated by a pipette , the ethereal solution is e-vaporated in a tared glass over the wiiter- 
bath, and the residual fat-acid (or rosin) is weighed 

The watery liquid is evaporiited to dryness in a platinnm-dish, the residue is ignited, 
and the amount of alkah (remaining as chloride and sulphate) determined by tho usual 
method 

Grager’a Method — The soap, cut in thin shavmgs, is dissolved in alcohol of 30 per 
cant , the quantity of solvent used being sui-b that 100 grammes of soap shall yield .i 
hire of solution All impm-ities are then left behind, together with a certam quantity of 
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sortie or potassic carljonate, 10 cubic centimetres of the solution, clarified by standing, 
aie then diluted with water, and precipitated bjr chloride of caleiiiin. The precipitate, 
consisting of the calcium-salts of the fat-acide, is washed, dried at 100^ 0, and 
Weighed 100 parts of this precipitate correspond, according to Groger, with 100 5 
parts of anhydrous soap, that is of sodic stearate, the result not being perceptibly 
affected by the fact that the acid of soap is not pure stearic acid, but hkeivise contains 
palmitic and oleic acids 

The exlrerao limit of water m geniiiiio haKl soap is 20 per cent for mottled, 26 for 
white, and 30 for yellow soap. The proportion of alkaline bases is mostly fiom 8 to 9 
per cent , and that of the fat-acids fi’oin 60 to 70 per cent In yellow soap, part of 
the fat IS replaced by 10 to 20 per cent of rosin, and soaps made from cocoanut-oil 
contain a much larger amount ot normal water than those made from tallow or olive- 
oil but tlie above propoitioiis may beiegardedas standards of comparison , and any 
ikniation from them indicates ii deterioration in the quality of the soap, eitlier from 
HM’oss of water, or from the substitution of some foreign substances for the normal 
constituent of the soap (See further Clmnical Technology, i, [3], 729 , [6], 318 ) 

SOAPSTOWH, Soap-ioclc Piene de Savon. Si.\fenstein Sicatiiie in part — A 
soft massive mineral, occurring in veins in serpentine at the Lizaid Point in Cornwall 
ami elsewhere It is brittle after di-ying, has a greasy lustre, and white, yellowish, 
bluish, or reddish colour, does not adhere to the tongue Specific gravity = 2 20 
Before the hlovqiipe it gives off water and blackens , thin splmtei's fuse with difficulty 
on the edges Perfectly soluble in sulphiuac acid 

Analysis — a From Lizard Point (Klaproth, ii. 180, v. 22).— J. From 

the same (Svanberg, Fogg Ann, liv. 267, Ivii 16.6)— c. Gae Grease, Cornwall 
(Haughton, Phil Mag [3], x 263) — d. Kyniiiico Bay, Cornwall (Hau^hton), — 
e Fraiikensteui m Silesia Kcrofife (Mask, Seliw. J Iv 304)—/ Svard^joinDalarne, 
Sweden' Ptoiin or Saponiie (Svanberg, loo cit.) — g, It. North shore of Lake 
Superior. Thalile (Smith and Brush, fee ctt)‘ 

a. b c d. e f g h 

Silica . 45 00 48 8 4210 42 47 37 96 60 80 48'89 46 60 

Alumina 9 25 8 0 7 67 6 66 12 18 9 40 7'23 4 87 

Ferric oxide 1-00 0 4 . . 2 06 2 46 2 09 

Mngnesia 24 75 33'3 30 67 28 83 18 02 26 52 24 17 24 10 

Lime . . 07 . . . 0'78 . . 1’07 

; : : ■ ; . . , ■ ! «■*« 

Water 18-00 11 0 18-46 19-37 31 00 10 60 15 66 20 66 

08 76 100 2 98 80 97 32 99 16 100 15 99 22 98 84 

These analyses cannot be reduced to any single formula, indeed, it is doubtful 
whether any of the mmerids to -which they refer are definite compounds 

SOAP-WOST, Saponaria officinalis — The root of this plant, which contains 
saponin (p 192), is used for washing and cleansing dresses, &c (Bee IJids dictionary of 
Alts, ill. 719) 

SOSA. This term, m scientific language, is appbed to the anhydrous protoxide of 
sodium, Nn'O, or the hydrate, NaHO, bntiii technological language, it denotes also the 
iicuU-al carbonate, Nit^CO’ or Na^O CO*. The mode of occurrence of this salt in nutui-e 
and its properties have been described under CAiinoNA-i-ES (i. 702). It was formerly 
pi-ep.ired from the ashes of marine plants, chiefly from certain species of saleola, some 
of which (viz , Salsola clavifolia and S Soda) yield .in ash containing more than 40 per 
cent of neutral sodic carbonate. But the quantity obtained from these sources at the 
pi-psent day is altogether insignificant compaied with that which is produced from com- 
mon salt by the mode of decomposition invented by Leblanc, and consisting - 

1 In converting chloride of sodmiti into sulphate hy heating it with sulphuric acid. 

2 In convciting the sidfhate into caibonate by heating it with dialk or limestone and 

A liriof ontlino of this process is given under Cardonates (i. 702), and a full account 
o-' it, W'lth figures and desertions of the apparatus used, will ho found in Eichard- 
bun end AVatts’s Oheniical Technology, {i [3], 204—296, [6], 234-265). In the 
pTi-sont article we siiall enter somewhat more ffilly into the theory of the second part 
ot tlieprocpsb, the “ balling process ” as it is called, especially with reference to recent 

Dumas suggested, for the explanation of Leblanc’s process, a theory which may be 
<’X pressed by the equation 

-INa'SO* h SCaCO* + C» = 2Na=CO’ -t- Ca0.2CaS + lOCO. 

Till 8 th eory, which was for many yoai s uiin i-i-s illy recoil ed as con-ect, supposes that the 
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liliick asli or ball-soda contains an oxysulplnde of ciileium, CaO 2CaS This compound 
1ms never been isolated, but its existence was assumed, becauao it was believed that if 
the calcium in the ball-soda existed as oxide and sulphide not combined togcthor in 
the form of an insoluble oxysnlphido, the carbonate of sodium and sulphidB of calcium 
would, when brought in contact with water, immediately decompose one another, 
forming sulphide of sodium and carbonate of calcium. A Biimlnr theory of the proce.ss 
was given by Unger (Ann Ch Pharm Ixxxi. 328), who assigned to the supposed 
oxysiilphide the composition CaO 3CaS Kyiiaston (Chem Soc. Qu 3 xi 155) 
supposed the haU soda to contain an insoluble compound of sulphide and carbonate of 
calcium, OaCO= 2GaS 

Go a sage however pointed out, in the speciflcation of a patent obtained in 1838 (No. 
7416), that the undiasolvod residue reinaiiinig finm tlie lixivintion of black ash with 
■water, consists almost entirely of monosiilphido and c-irbonate of calcium, not chemi- 
cally combined, but merely mixed , farther, tlint this monosnlpbide of calcium is per- 
fectly insoluble in water, and therefore does not decompose the sodic carbonate when 
the Uack ash is treated with water, such decomposition taking place only in so far as 
a portion of the monosulplude may have been converted into a soluble polysiilphide 
during the treatment in the furnace 

These results are fully confirmed by the recent experiments of Dubrunfaut (Bull. 
Soc Ghim 18G4, i. 240), Soheurer-Kostner {ihtd. 169), Pelouze (Compt rend 
[1866], Ini 314J, and especially of J Kolb (Ann Ch Phya [ 4 ], vii. 818, Bull. 
Soc Chim 1866, ii 11) 

Dubrunfaut, by heating to redness a mixture of 1 at sulphide of sodium and 1 at 
chalk, obtained exactly 1 at. sodio carbonate and 1 at. calcic monosulpliide, CaS 

Kolb treated in a soda-furnace two series of mixtiues of chalk, carbon, and sodie sul- 
phate, the fh'st senes being in the proportions corresponding to the equation of Dumas 
above given — the second corresponding to the equation . 

Na’^SO* -*■ OuCO’ + = Na*00> + CuS + 4CO, 

in which it-will he observed that no oxide of calcium is formed These two mixtimos, 
when calcined and afterwards hiiviatcd under similar conditions, yielded exactly ,tlio 
same results. Hence Kolb concludes that the action of charcoal on a mixtui'e of aodio 
sulphuto and calcic carbonate in equal numbers of atoms yields sodic carbonate and 
calcic sidphide, easily sep.irable by hxivnition at ordinary temperatures. 

In this operation the reduction of the sodic sulphate by the carbon may he explained 

1. According to the ordinary theory, the exchange takes place as represented by the 
equation 

N.i*S0‘ + CaOO' = Na’GO' -4 CaSO*, 

the carbon then acting on the calcic sulphate so as to reduce it to sulphide. 

2. The charcoal may he supposed to exert a direct reducing action on the sodic 
sulphate, double decomposition then taking place between this compound and the 
calcic carbonate 

This latter mew is confirmed by the experiments of Kolb, who finds that a mixture 
of sodic sidphate and chalk, calcined at a bright-rod heat, yields iiotliiiig hut sodic 
sulphate and quicklime 

The reduction of the sodic sulphate by charcoal might take place ui two ways, viz- . 

(1) Na^SO^ -e C‘ = Na^S + 400 

(2) Na«0‘ + 02 = Na« + 200* 

But the composition of the gas evolved .shows that the reaction takes place according 
to the second of these equations, and accordingly that the pindnction of sodic carbonate 
should require the materials to ho m Uia proportions deduced from the equation ; 

Na'SO* + CaCO’ + 02=. N-vCO* + CaS + 200* 

But by actual experiment -with these proportions in the aodn-furimcp, it is toimd that 
half the sodic sulphate remains unaltered, part of the eharco.il being, in fact, employed 
in decomposing the chalk according to the well-lcnown equation 
CaCO» + 0 - CaO + 200 , 

so that the action of the carbon is divided between the sodic sulphate a. chalk, 

in the manner shown by the equation 

Na2S0^ + CaCO" + 0’ = Ha'S + CaO + 200® + 200, 

The chalk being decarbonised at the same time that the sodic sulphate is reduced, it 
follows that the carbonic acid of the chalk rannot contribute to the formation of the 
sodic carbonate. Kolb has in fact shown, by ii series of analytical experiments, that 
the formation of sodic carbonate and e.dcxe sulphide in the balling fiu'iiaco is produced 
by the action of carbonic .icid, p.arly resulting from the rediiition of the sodic sulphide, 
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partly exiating in tlio g-nscs of the furnace Accordingly, when tie mixture is heated in 
eruciblos, bo that it is not iiiiich exposed to the fnniace-gaseB, a highly sulphuretted 
Boda IS obtained, ivhere.is iihcn it is heated in tubes traversed by a currontof carbonic 
acid gns, n very pure sodic c.irhounte is obtained 

The lempcr.iture best adapted for the production of ball-soda is hetwoonthe melting- 
point of bronze and of silver. Below the former, the reaction is incoinplote , aliovo 
the latter the smia IS “ biuiit,” — that is to say, the sodic carbonate is decomiiosed, as 
shown by the following equation, yielding oxide and sulphide of sodium 
Na-OO’ -t 0 = Na"-0 + 200 ; and Na"-0 + CaS = lfa"-3 -r CaO 

Kolb has also analysed a senes of samples of ball-soda m Ibo manufacture of which 
the coal had been replaced by wood-charcoal, peat, wood-shavings, &c All these 
samples yielded simUar results, whence it appears that the proportion of carhonaoeoiis 
maltm to ho introduced iiilo the mixture depends wholly upon its reducing power, 
which may bo dctermiued beforehand by an experiment with htharge. 

The results show that the proportions required by theory are : 

Sodic sulphate . . . . 100 0 parts 

Uhalk ... . 704 „ 

Carbon ... . 25‘j „ 

These proportions' may, however, be considenibly varied without sensibly affecting the 
result 

AoUon of Air and Water on Stack Ash ot Ball Soda (Kolb) — Di-y air deprived of 
carbonic acid hat no action on ball-soda, either at oidmary temperatures or at 100° . 
but at a led beat it converts the sulphide of calcium into sulphate, which in the sub- 
sequent lixiviatiou ipconverts a ceitam poition of the sodic carbonate lufo sodio sul- 
plmto, and thereby dimimshes the percentage of alkali lu the product, 

Carbonic anhydride in the dry state has uo action on black ash (it does not act, 
indeed, either on Kme or on sulphide of calcium) , but in preacuce of nioiature, it fli'.t 
converts the lime into carbonate, and then acts on the sulphide of calcium, forming cal'- 
bonate and sulphydrato of calcium : 

CaS + H^O -t CO’ =, CaCO’ -h fl’S; andH'S + CaS = C.iH’S’ 

TYhen black ash is exposed to moist air, the lime contained in it is first hydrated by 
the aqueous vapour, and afterwards converted into caihonate At the same time, any 
sulphide of Bodinm that may be present m the crude soda, is converted into hyposul- 
phite, but the oxidation does not go any further. The sulphide of calcium, on the 
other hand, is oxidised by moist air, less quickly but more ' . ’ ' 
into calcic sulphate, which, as already oliseii ed, decomposes 
lixiviation, and thereby diminishes the propoilion ot availauiu aimm 

Another cause of the formation of caleio sulphate, and consequent deterioration of 
the ball-soda, is the presence of iron m the state of feme oxide (uot sulphide), which, 
in presence of moist air, reacts with the sulphide of calcium, forming bine and 
sulphide of iron, which latter becomes oxidised to sulphate , and this again m its turn 
reacts with the sulphide of calcium, forming ferious enlphide and calcic sulphate- 
5e=0»,2S0» + 2CaS = 2]?eS + 2CaS0* -t- 0. 

The same series of actions therefore recommences indefinitely, so that a very small 
quantity of feme oxide is sufflcient, under the mfluonce of moist air, to convert a largo 
quantity of calcic sulphide into sulphate Hence the haU-soda should not be left 
exposed to die air longer than is necessary for the partial hydration of the lime eon- 
tamed in it, so as to facilitate its disintegration 

Action of Water —By aub]octing a given weight of hall-soda to the action of vari- 
able quantities of water for different times and at different temperatures, Kolb has 
obtained the following resultB — 

1 A given quantity of crude soda yields vei'y different proportions of caustic soda 
and sodic sulphide, according to the quantity and temporatui'o of the water with which 
It IS treated, and the time of digestion 

2 The degi'ee oi causticity ot the resulting solution is not soiisihly affected by the 
quantity ot water used, but increases with the time of digestion and with the tempera- 

3 The proportion of sodic sulphide increases with the quantity of water, aadmore 
particularly with the time of digestion and the tempcratiiro. 

4. The decrease m the quantity of sodic carhonato uot only corresponds with the 
quantity of caustic soda formed, but is also affected by the variation in the quantity of 
sodic sulphide hence it would appear that the latter is fomed at the expense of the 
carhoniite 
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6 The q-uiinhtiea of eaustie soda and sodic snlplndedo not appear to bear any definite 
relation to one another 

Kolb has likewise examined the action of water on pure Bulphide of calcimn, alone, 
and in presence of sodic cnrbonate, caustic soda, and lime The resulta are as follows 

a The quantity of calcic aulpliide dissolved or decomposed by water is very small, 
but increases with the temperature and the duration of the digestion. 

/3, Lime has no sensible influence on the solubility of cslcie sulphide , but a small 
quantity of oauBtio soda stops the solution ahnost entirely, especially at common tempe- 
ratures 

y The decomposition of sodic carbonate by calcic sulphide Ka^CO® + CiiS = 
Na^S + CaCO“, which is considerable in very dilute liquids, dnninishes on concen- 
tration, and ceases altogether in a solution saturated with sodic carbonate 

5 The presence of caustic soda in small quantity (or, what comes to the same thing, 
of lime) prevents the action of calcic sulphide on sodic carbonate. 

The accordance of these last results with the observed action of water on ball-soda 
affords a strong argument against the supposition that this substaneo contains an oxy- 
sulpliide of calcium 

The following table exhihits the composition of black ash, as determined by different 
analysts. The arrangement of the basylous and acid elements in compounds is of 
coiu'se to a eertani extent theoretical thus, in the first three analyses, the oxide and 
sulphide of calcium are regarded as eombined into an oiysulphide, whereas in the last 
thiee they are given separately . 


Oomposiiton of Black Ash 

Cmttl. eiasgoto. 


Sulphate of Sodium 
Chloride of Sodium 
Aluminate of Sodium . 
Carbonate of Sodium . 
Hydrate of Sodium 
Lime . 

Carbonate of Calcium 
Oxysiilphido of Calcium 
Sulphides of Iron. 
Silicate of Magnesium . 
Ultramarine 
Carbon 
Sand . 

Moisture . 


. 1 99 1 16 

. 2 64 1 91 

2 86 

23'67 35'64 

. 1112 0-61 

6 30 

. 12-90 29 17 

. 34 76 1 13 

. 2 46 4-92 

. 4 74 3 74 

. . . 0-29 

. 169 8-00 

. 2 02 4-28 

218 0-70 

99 86 100 20 

Liverpool 


9-89 
25 64 

16 67 
36 57 
122 
0 88 


0 44 
_2U 
100 00 



SODA Aixnn. HaAl'"(SO‘)*.12H>0 — Occurs native on the island of Milo at 
the Solfatara near Naples, and near Mendoza, on the east of the Andes. (See Sun- 
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SODiL COPFESdS, A sodio-feiTie aulpliaW found m the alum-slate of Modum 
in Norway. (See SutrsiTjH ) 

SODA SPODtriBBUB. Syn. -with OuoootAaB (ir 198). 

SODA-IiXIMCl!. A mixture of caustic soda and quicklime, used chiefly for nitro- 
geu-dctormuiations in organic analysis (i 246). 


SOBAIiITE. A sodio-alnminic silicate, containing chlorine, occurring in dodeca- 
liedl'onb and other forms of the moiionietric system, witli dodecnheflrul cleavage, 
sometimes in twin-crystals, having the form of o hexagonal prism, arising from the 
combination of two dodccahedions , also massive Hardness = fl'O — 6, Spoeihe 
gravity 2 20 — 2'37 Lustre vitreous, inclining to gi'oasy Colour grey, greenish, 
yellowish-white, and sometimes blue Subtranspareiit— siibtranslueent Fracture 
conchoidal — uneven. Beforo the blowpipe it molts to a colourless blistered glass. 

Anah/bes (the chloriuo being reckoniHl as chloride of sodium) a. From Vesuvius • 
eolomless, specific gravity «= 2't36 (Rammelshcrg, Mineralch. p 702 ) — b From 
the same green , very rare , small dodecahedrons with cubic faces, occurring in a lime- 
stone with vesnrian and nephelm, — c. Lamo near Brevig in Norway . blue, in elseolito 
(Bark, Fogg iknn hxvni. 413) — d. From the Ilmen nioimtuiiia near Miask blue, in 
elffiohte; specific gravity !=■ 2 288 (E. Hofmann and G Kose, xlvn 377)-— 
«. Lichfield, Maine blue, in elseuhte CWhituoy, i4i<7 Ixx 43l)- 


Silica 

Alumina . 

Lime (and MgO) 


Potash 
Sodium . 
Olilorine . 


a h. 

38 12 38 76 

31 68 34 62 

18 49 2P18 

4 37 1 67' 

6'69 2 65 

99 35 98 78 


38-86 38 40 

30 82 32 04 

1 66 0-82 
16 39 » 18-24 

4-67 4 63 

7 00 t 7 10 

99 29 100 73 


37 46 
30-93 

18 33 


These analyses may he represented by thofovmuln NaCl.«(NaAl"'SiO'‘). (compare 
the formula of haiiyiie, ui 16), the sodium-chloride and the silicate being crystallised 
together isomorphouBly m varying proportions 
Sodalite occurs in micd-sUvte, granite, U-ap, basalt, and volcama rocks In Green- 
laud it 13 found in mica-slate, together -with felspar, hornblende and endialyte 

SOSAKIDS. Olm-ooloiired Sodimn-compouni — ^When a quantity of sodium 
winch evolves from water 100 measui-os of hydi-ogcn gas, is hentod in iimmoimieal gas, 
It absorbs tranquilly between 142 and 163 measures, setting 100 measures of hydrogen 
free, and ossuming first a blue and afterwards a green colour The compound is 
olive-green and fusible, and manifests the same relations as the corresponding potas- 
sium-compound liv 095) (Gay-Lns8aoandTh4nard,/iVff/icic/iaS|i 364, H Davy, 
P/ii/ Kans. 1810, p. 24 ) 

Sod, amide appears to be capable of uniting with aodic oxide 'When a mixture of 
oxygen mid ammonia gases, the latter being in excess, is passed over sodium, sodamide 
alone is formed, and at a lower temperature than with pure ammonia gas; but if the 
quantity of oxygen is increased, a fused ruby-coloured mass is obtained, consisting of 
a compound of sodio amide and. oxide. This compound is permanent in ammonia gas, 
even at 300“, but becomes decolorised when air or oxvgen is passed over it, and 
leaves a white substance, apparently consisting of sodic hydrate . — Foiamum treated in 
like manner yields a similar compound, but of a deep blue colour, (W ey 1.) 

SODAMMOimnW. NHWa, or rather N'HW? (Weyl, Pogg. Ann. exxi. 
697, Jiilu-esb 1864, p. 103) — This eoinpound appears to be formed when lumps of 
pui-B bright sodium ai-e placed at one end of a bent tube, a quantity of silver-chloride 
previously saturated with ninraonia gas at the other, the tube then sealed, the end con- 
taining the ailver-chloiide heated in a chlonde-of-calciimi-bath, and the other end 
immersed in cold water. The sodium then swells up, and is converted into a liquid, 
which IS cojipei-rcdby perpendicularly i-eflectod, groenish-yeUow by obliquely reflected 
light, blue 111 thin films by transmitted light. As the sdvoi-ehloride cools, and the 
aiuuioiiia gas is reahsorbed, the sodammonmm decomposes and pure sodium remains 
behind, Imving a dull bui-face and spongy texture By ag.vm heating the silver-chloride 
the compound may he reproduced any nnniher of times. 

A sndainmonuim-amalt/ain appears to be formed by exposing in like manner to the 
action of ammonia gas, a pulverulent am.ilgam of nearly equal parts of sodium and 
mui-cm-y After two hours’ action, the portion of the mass in contact with the surface 
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of the tube exhibits a metallic IiiBtre*fnd bTonze-red colour, while the interior is dull 
and brick-red This product can likewise exist only in an atmosphere of ammonia, 
being resolved in a few liours after the cooling of the silver-chloride, into ammonia, 
free mercury, and a sodium-amalgam containing less mercury than the original amal- 
gam 

Potassammomum, is prepared like sodammouium, and exhibits simUar 

^ (?ther metallammoniums may be produced by the decomposition of sodmm- or potass- 
ammonium Thus when a mixture of a metallic chloride or oxide with an equivalent 
quantity of sodmm is exposed in the manner above described to the action of 
ammonia-gas, the gas is first absorbed by the metallic chloride (or oxide) and after- 
wnris by the sodium, the sodammoninm thus formed flowing over the metallic salt, 
and reacting upon it without much rise of temperature. With a mixture of borium- 
chloride and sodium the reaction appears to be 

-t 2NH* + Ba'Cl' ~ If=>H«Ba'' + 2NH»KaCl 

Sod.imino- B .ram- ^ Chlorldo^of 

JBarnmmoKMj forms a deep blue liquid having a metallic lustre — Cupper-, Mer- 
cury-, and Silver-ammonium are obtained in like manner from the respective chlorides 
and zinc-ammonium from the oxide Those compounds aie likewise very unstable, 
beiiip; resolved, even in the sealed tube, into metal (which appears giey, dull and 
destitute of coherence) and ammonia If in the aiTangemont just described the 
metallic chloride be replaced by an ammonium-salt, e.g NH-'Cl or (NH’)'SO^ sftmiUr 
reactions take place, and the tube becomes filled with a blue liqmd mixed with excess 
of ammonia This blue liquid, which is also formed by the action of potassic hydrate 
on potassammonium, appears to consist of ammonium itself, N-H*. It is even mom 
unstable than the metallainmomums, being resolved into ammonia and hydrogen, partly 
even before the reaction between the ammonium-salt and the sodammonium is completed 
Jitraeodammonmm. NNa'* ?— Monosulphide of sodium brought in contact, ui a 
seded tube, with bquid ammonia, is converted (with transient formation of liquid 
ammonium) into an orange-yellow substance, which soon decomposes, loaviug a white 
substance still containing ammonia. This residue gives off ammonia on exposure to 
the air, and the odour of ammonium-snlphide when heated. It is perhaps foimod in 
the manner represented by the equation . 

4Na*S -t 8NH» = (NNa^-'S + 3(1IH‘)=S 
Teirapetaasammomum appears to be formed in a sunilai manner, (W ejT ) 
SODZUIHCi Atonno Weight 23 Symbol Na (fiom Halnum). Soda, the alkali 
containing this element, was formoilyconfourded with potash, but was piovod to be a 
distinct substance by Dnhamel in 1736, and subsequently by Morggi'af in 1758. 
H D,ivy first obtained the metal m the year 1807. 

Sodium IS a very abundant element and very widely difhised It occurs m largo 
quantities, as chloride, in rock-salt, sea-water, salt-spiings, and m.iny other mineral 
waters, abundantly also as nitrate, forming beds soveial feet thick on iho diy pampas 
oi Peru ; more iiiroly ns carbonate, boiate, and sidphate, either in springs, 
lakes, &c.| or in the solid stale, as sodio-aluuiinio fluoride m cryolite, and as sdicate 
combined with earthy silicates m chabasite, nnalcinie, natrolite, thomsonile, oudiiilite, 
albite, soda-spodumone, labrador, neplieline, hanyne, sodalite, brewicite, oiinanmte, and 
nelimite , in very small quantity also in bole, pitcbstone, pumice-stone, obsidian, ittncrite, 
andpinite Traces of sodium-s^ts are found m coal, in all kinds of limesi oneniid dolomite, 
and in talc, asbestos, and other minerals. In the vegetable kingdom it occurs as 
sulphate, iodide, and chloride, and combined with vegetable acids, especially m plants 
growing in or near the sea , in the animal kingdom, combined with carbonic, phospuoric, 
sulphuric, hydrochloric, and vanons organic acids 
Preparation of the Metal The preparation of sodium is Bimilnr to that of potas- 
suira Davy first obtained it by the electrolysis of the hydrate, Gay-Lussac and 
Thinard afterwards prepared it by docomposiug that compound with metallic iron 
at a white heat , and Brunner showed that it may ho prepared with much greater 
facility by distilling a mixture of sodio carbonate and charcoal. 

The preparation of sodmm by this iast-mentioned process is much easier than that 
of potassium, not being complicated, or only to a slight extent, by the formation of 
secondary pioducts Within the last few years it has been consideaibly impioied bj 
Deville and others, and carried out on the manufacturing scale, sodmm being now 
employed in considerable quantity as a reducing agent, especially in the manufacture of 
aluminium and magnesium and in the silver amalgamation process (p. 280). 

The sotUc carbonate used for the preparation is prepared by calcining the crystallised 
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neutral earl)onota. It must be thoroughly dried, then pounded, and mixed mth a 
slight pxeess of pounded charcoal or ooaL An inactive substance, viz. pounded chalk, 
IS also added to keep the mixture in a pasty condition during tho operation, and pre- 
vent the fused sodic carbonate from separating from the charcoal. The following are 
tho proportions recommended by DeviUe 

For -Lahonitory Operations 1 Vor Manufacturing Operations 

Dry sodie carbonate . 717 parts Diy sodic carbonate . .30 kilogr. 

Charcoal , . . . 176 „ Coal . . . . 13 „ 

Chalk 108 „ I Challc 3 ,. 

These materials must ho veiy intimately mixed by pounding' and sifting, and it is 
advantBfiOous to ealcine the inixtnre before introducing it into the distiUmg apparatus, 
provided the calcniatioii can bo effected by tho w.iate heat of a fiiruace , the nnxturo ut; 
thereby rendered more compact, so that a much larger quantity can be introduced into 
a vessel of given size 

The distillation is pei-formed, on tlie laboratoiy scale, in a mercury bottle heated 
exactly in the manner deserrbed for the preparation of potassium 

For manufacturing operations, tho mixturo is introduced into iron cylinders, wliich 
are heatedin a reverberatory furnace, and so tuTiiriged that, at the end of the distillation, 
the exhausted charge may he -withdrawn and a fresh charge introduced -without dis- 
placing the cylinders or putting out the fire. The receivers used m either case are 
exactly tho same in form and dmiensions as those employed in the preparation of 
potassium (iv. 693). 

■When tho process goes on -well, tho sodium collected m the receivers is for tho most 
part perfectly pure, tho carbonised products which give so much trouble lu the prepa- 
mtiou of potassium being produced in very small quantity only, if at all Nevertheless 
a small quantity of somewhat impure Bodium always remains attached to the inner 
surface of the receivers ; hence when a receiver has been used, the plates should he 
separated and scraped before they are used again , and the matter scraped off, being 
received under naphtha, may be collected after a while and will yield by distillation a 
considerable quantity of sodium. Lastly, the pure metal obtained by this and by tho 
first distillation is melted nndor a thin layer of naphtha, which is decanted as soon as 
the sodium hecomes perfectly fluid, and the metal is then run into moulds like those 
used for casting loud or zinc 

The degree of boat absolutely required for tbe reduction of sodium is not much 
higher thanfor the reduction of zinc ; but tbe distillation goes on better and a lai’ger 
pi odnet is obtained when the temperature is raised considerably higher. The quantity 
of sodium obtained in a well conducted operation, is about oiie-third of the weight of 
the calcined mixture 

[For a derailed desenption of the manufacture of sodium, with figm-es of the 
apparatus, see Chemical Technology, i [4], 8 and [6], 128 ] 

Properties — Sodium has a high lustre, and usually a silver-white colour , aecording 
to Long however (Chem. Sec Q. J xm. 123), its surface when perfectly clean and 
metallic, is of a beautiful rose colour, which is best seen when a ray of light falling on 
a surface of tho metal is reflected back from a second surface and again reflected from 
the flr.st. 

The specific gravity of sodium is 0 9348 (Davy), 097223 at 16° (Q-ay-Lussao 
and Then ar^ , 0 986, reduced to a vacuum and com pared with that of water at 3 9 
(Schroder, Jabresb. 1869, p 12) It is rather haid at - 20°, very ductile at 0°, of 
the consistence of wax at common temperatures, semifluid at 60°, melts completely at 
97 6°(Begnoult, Jahrosh 1866, p 43),at 95-6°(,Bun8en, tW 1863,p.l7R). When 
a few gi-ammes of sodium are melted in o sealed tube filled -with coal gas, then loft 
to cool till a few solid points appear on the surface, and the remaining liquid 
suddenly poured off by inclining the tube, tho solidified portion remains in ahming 
oct.iliedral crystals belonging to the dimetric system and having the plane angles at 
tho apex = 60° (Long) Sodium is leas volatile than potiissinm (Davy, Gay-Lnseac 
and Thiinard); rathormore ao (Mitschcrhch). Its vapour is colourlesB, Sodnim 
is .in excellent conductor of heat and electricity 

Sodnim when exposed to Ihe air oxidises hko potassium, but not quite so rapidly 
When heated in the air it bmuis with a yellowish flame, forming protoxide and dioxide 
of sodnim. When heated in oxygon gas till it no longer increases in weight, it is 
wholly converted into dioxide. When dropt upon cold water, it decomposes a portion 
of the water, liberating hydrogen and rnnning about on tbe surface -with a bis-sing 
noise, but the gas does not take fire unless tbe water be previously heated. 

Soduini IS a monatomic metal belonging to the group which includes tbe other alkali- 
metals and silver With chlorine, bromine, iodine and fluorine, it forms the compounds 
KOI, KBr &e ; with oxygen it forms a protoxide Na-'O, the corresponding hydi-ate 
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NaHO, and a dioxida Na’0“ ; witU sulphur, a protoaulphido a sulphydrate NaHS, 
and aeyeral polysulphides. 

gOBIXTSI, AliIiOVS OP. Thesa alloys closely resemhle those of potassium, and 
are prepared m like manner by fusing sodium with the respective metals. The amalgam 
of iodium {in 889) ia much used as a reducing or hydrogenating agent. M. Sohola 
(J. pr, Cheiii Ixxix 441), by adding sodium to mercury in such quantity that the 
product sobdifies completely on cooling, then pressing out the excess of mercury, fusing 
the remaining amalgam, and leaving it to cool slowly, obtains a sodium-amalgam, 
crystallised in line prisms, often an inch long, which may be kept in weU closed 
vessels without sensible oxidisation, and are easily pulveiisei By farther addition of 
mercury, this amalgam maybe brought to a more or less fluid state — d? Muhlhauser 
(Zeitschr Ch. Pharm 1864, p 720) heats soditun under naphtha to 90°, and allows 
mereuiy to flow mto it in a fine stream The sodium then swells up and ultimately 
forms a solid mass, which may be left to cool under naphtha. 

Respecting the alloys of potassium and sodium, see PoTASsruit (iv. 696). 

SOBIiritZ, AUTIMOn'IDE OP. Prepared by directcombination of its elements. 
Resembles antimonide of potassium (i 317). 

SOBITTIVI, B.1RSBNZDE OP. This alloy, which is used for thepreparation of the 
arsenides of ethyl, methyl, &c , is prepared by gently hcoting finely pulverised metallic 
arsenic in a furnace having a good draught tiU it begins to fume, and then mtroduomg 
BTuall pieces of sodium from time to time tiU the mixture begins to assume a fluid 
consistence, which effect takes place when a quiuitity ot sodium has been introduced 
about equal to tliat of the arsenic. As the product is highly combustible it is neces- 
sary to exclude the air, for which pm-pose the arsenic is placed in a poicelam crucible, 
enclosed within a hessian crucible, botli being provided with closely fitting covers, 
which must only be removed to introduce the sodium, or to stir the mixture with on 
iron rod. The action is very violent and attended with vmd incandescence The 
alloy, which has a crystaUme fracture and silver-white colour, muat be kept in closely 
stoppered bottles fiUed up with sand It decomposes w.itcr with evolution of arsen- 
ettad hydrogen, an effect which takes place even in dump air. hence it must be 
handled with caution (Landolt, Ann Ch Phiinu Ixxxix. 201.) 

SODIirns, BROKIDE OP. NaBr Thie salt, produced by saturating hydro- 
bromio acid with soda, or by decomposing feiToiis bromide witli sodio carbonate, crystal- 
lises by evaporation at temperaturos above 30°, in anhydrous cubes, at lower tempera- 
tui'es in oblique ihomliic prisms contaiiiiiig NaBr 2H'0 (Mitscherlich) The specific 
gravity of the anhydrous salt referred to water at 17 6° ns unity is 3 079 (Kremers, 
Jahresb 1857, p 69). It dissolves easily in water and in alcohol The following table 
exhibits the specific gravities and expansions by heat of solutions of various strengths. 
(Kremers, Jahresb. 1858, 41.) 

Volumes of Aqueous Sromide of Sodium at different temperatures (vol. at 19 6° = 1) 


A saturatod aqueous solution boils at 121°. (Kremers ) 

SOBXtrivz, CKBOSIBIl OF. KaCl Common salt, Culinary salt. Hook-salt, 
formerly cnWaA. Muriate of Soda. This compound is formedby the direct union 
of its elements, sudnim taking flro in chlorine gas It may bkowise bo obtained pure 
by neutralising Iiydrothloiie acid with soda or sodio ciu'honate and evaporating It 
occurs very' abundantly in nature, both in the solid state, as rock-salt, forming extensive 
beds in rocks of various ages, — and in solution m sea-water, salt-lakes, and brine- 
springs , in smaller proportion also in rivei water 

In Europe common salt usually occurs in the new red sandstone, or as.sociat6d with 
red marl, but it is not confined to those rocks In Durham, Northumberland, and 
LeicestershicB, salt-springs arise from tho carboniferous senes , m the Alps, some salt- 
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woiks are siippliod from oolitie rocks • the extensive mines of Cardona in Spain are 
referred to the greensand formation, those of Wieliczka m Poland to tertiaiy rocks- 
Salt-springs occur also in Tolciimc regions In the United States tho brine cornea 
mostly from Silniian sandstones Salt oeciivs also as offlorescences over the dry 
prairies of the Bocky niountinns and California , and in most desert and somi-dosort 
regions there .iie numerous suit lakes 

Tho principal salt mmoa of Euiope are at Wiohezka in Poland , at HaU in tho 
Tyrol, and along the rungs through Eoiehcnthul in Bavaria, Haliein in Siilzlnirg, Hal- 
stndt, Ischl and Ebenseo in Upper Austiia, and Aus‘-ee in Styriu, at Stassfurth near 
Magdeburg, m Hnngaiy at Marmoros and elsoivheie; m Triinsylmnin, Waliachi.i, 
Gallicia and Upper Silesia , at Vic and Drenze in France , in the valley of Cardona and 
elsewhere in Spam , at Box in Switzerland, at Northwich and elsewhoro in Cheshire, 
and near Belfast iii the noith of Ireland At 'Wiehezka tho salt deposit is fiOO miles 
lung, 20 miles broad, and not less than 1200 feet thick , at Cardona, tho salt funns hills 
300 and 400 fcethigh Norn Nortliwieh, tho principal deposit of rock-salt m England, 
the nimeinl oceiu’S in magnesian limestone, m two beds situated one above the other, 
separated by about 30 feet of clay and marl, inteisectod by small veins of salt, the two 
beds together being about 60 feet thick, 300 yards broad, and a mile and a half long. 

Eoek-aalt occurs also near lake Oroomiah, the Caspian, &c., forming hills and extended 
plains , m Algeria abundantly , in Abyssinia , in India, m the province of Lahoi e, and tho 
valley of Cashmere , in Seindu, where there is said to he an immense bed of it, 20 miles 
long, 16 miles broad, and averaging three feet in thickness , in China and Asiatic Eussia , 
in Peru and other countries ot South Amoiicn In the United States salt has been 
found forming hods with gypsum m ■Washington comity, Virginia, and m tho 
mountains of Oregon (Dana, ii 91 

The mode in which salt is obtained from these deposits depends very much on tho 
locality, the depth of the deposit, the price ot fuel, &c In some places, ns at Wiehozka 
and m Cheshire, it is a mining operation and is cai'riod on by means of shafts and 
horizontal galleries. At Cardona m Spam, wliera tho gieat body of the salt forma a rugged 
precipice 400 to 600 feet high, there is no excavation, but tlio salt is procured by 
woilvjng down perpendicularly as in an open quarry. 


Aiudt/sea of Soclc-aalt 
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„ Calcium 

„ Magnesium 

Sulphate of Sodium 
„ Calcium 

Carbonate of Calcium 
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Rock-salt JS sometimes so pure and white that it requires no preparation but 
gi'inding to convert it into snow-white culinary salt , this le tho ease with the salt of 
Oardoiifi, and with some of that occuirmg m Cheshire and other localities Mora 
trequeiil.ly, however, itiscolonred red or brown from the admixture of clay or bitumen, 
and particularly of the kind of infusoria that arc now found inhabiting salt lakes it then 
requires to be purified by solution and reerystallisatioii. Ei'equently also, instead of 
sinking a shaft to the bed of salt and mining it, the superior strata are pierced by 
a bore only a few inches in diameter, by which water is admitted to the bed, and the 
brine formed is drawn off by a pump. 

Salt wells or springs, which may be artificially constructed in the manner above 
desciibed, are also frequently found ready formed in nature wherever a spring during 
its course has come in contact with a bed of rock-salt. These however are rarely so 
highly saturated as the artificial wells, although this is actually the case with that of 
Liinebiu'g, which contains 26 per cent, of saline matter , hut they are for the most part, 
only sUghtly impregnated, or have become weakened by subsequent addition of fresh 
water This difference in the strength and the composition of the saline coiistiturnts 
of salt springs may be seen from the following table (p 334). 

The water of the stronger springs is at once evaporated by heat to prociu'e the salt, 
and ill England and other countries whore cheap fuel con he obtained, the same plan 
is adopted with the weaker springs , but in Germany, where fuel is scarce and dear, 
the more dilute saline waters cannot bo profitably worked in this way. The water is 
therefore first concentrated by a process called gmdmiwn, which consists in exposing 
tlia brine, diffused over a larpe surface, to the air. This is effected by pumping it to 
a lieiglit, and then allowing it to trielde slowly over Isi'ge stacks of faggots, piled m 
suitable bniUlincs, screened from rain, but freely exposed .o the prevailing wind After 
this process has been repeated eight or ten times, the solution acquires a density of about 
1 40, and IS sufficiently ooneentriited to allow tlie evaporation to be finished by heal In 
the first evaporating pan anmsoluhlodoublesulphate of calcium and sodium isdepositod, 
partly in the form of mud or schlot, as it is called in Germany, partly as a hard scale, 
which adheres to tho bottom of the pans (P/annenstem) A specimen of this panstone 
from Schonebock gave by analysis 


NiGl N»iiSO«, KiiSO* CaSO'. MbSO' MgCOS Al*Oi and FeW SIO® TPO. 

44 28 20 67 213 27 38 1 64 0-41 0 03 0 02 3 44 = 100 


When the liquor reaches a density of 1’236 it is decanted into anotlier pan and evapo- 
rated, the crusts of salts being removed as they form 

The appearance of the salt vanes according to the rate at which the evaporation is 
conducted When the brine is boiled down rapidly, it furnishes the mealy fine-grained 
salt used for the table , slower evaporation yields the hard crystallised salt, generally 
used for salting fish 

Separation of Salt from Sea-waicr — It is seldom that artificial evaporation is em ■ 
ployed for separating the salt from sea-water; where it is practised, the same mode is 
adopted as with the brine springs , sometmias, as in Siberia, fi'ost is made subservient 
to tins object — for salt water separates on freezing into ice (containing no salt), and a 
strong saline ley Dr. Kane states Giat if the cold is sufficiently iiiteiise, the waterwliioh 
IS obtained on melting the ice is fit for drinking. This plan is pursued in Prussin, 
Sweden, and other northern countries, where the sea-w.iter is frozen in reservoirs, and 
the concentrated brine liquor is boiled down to salt The salt obtained by this plan, 
however, is not pure, as the following analyses by Hess will prove 


Irkowtsk Snlon* 


il- ind crystftl- <5rd rrysta 
Hfiatlon liaatfon 




Cliloride of Sodium . 

„ Calcium 
„ Magnesium 
Sulphate of Sodium . 
„ Calcium 


91 6 71-7 76 3 

26 65 12 

1-1 1-4 3-8 

2 0 3-0 3 6 

2 8 13 8 12 6 

. . 25 

100 0 100 0 100 0 


86 0 77 6 79-1 

3 6 6-2 7-8 

09 09 07 

20 17 08 

7 6 13-6 11-6 

lOO'O 100-0 100 0 


The evaporation of sea-water is offeetod wholly or partly by the infiuenos of the air 
and sun, in what are termed m some localities Salterns or Brme-^ans Hayling 
Island, near Portsmouth, has been celebrated for many centuries for its manufacture 
of salt, earned on in this way during the summer mouths The brine-pans vary 
in size up to a quarter of an acre, in which, in favourable weather, the sea-water 
becomes brine in about seven d.i>s It is then pumped by windmills into reservoirs or 
pits, whence it is i-un into slicot-iron pans, and is boiled for twelve hours, during which 
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It IS slammed to remove unpxinbes. The eiystals of salt hegin to appear towards the 
end of the day, and are shovelled oat, hot and wet, into wooden trouglis with holes in 
the bottom to allow the Utters to run off 

A somewhat similar plan is pursued at Lymington in Hampshire, hut the brine is 
there run through a senes of salterns before it is pumped into the boiling-pans. The 
drammgs from the ti’oiigha drop on iipnght stakes of wood, on which stalactitio masses 
accumulate in ten or twelve days, weighing from 60 to 80 lbs , these masses are called 
F!alt cats The residual liquor called Bitters, Bittern, or Bittern liquor, is employed in 
the manufacture of the carbonate or sulph.ito of magnesium. 

Tor many centuries salt w.is also obtained from sea-water in the Firth of Forth and 
other places on the east coast of this country, by evaporating it in largo shallow iron 
pons, salt works of this kind in former days being given es donations to abbeys 

In warmer latitudes, as on the shores of the Mediterranean, the evaporation is 
carried on entirely under the influence of the sim and air in a senes of shallow ponds, 
called salt-gai dons, in which the water is spread over a very large surface As the 
evaporation goes on, salt is deposited in the pools farthest from the sea, while the 
nearer ones are constantly receiving fresh supplies of salt water 

In the salt works of the Mediterranean, the greater part of the surface is about a foot 
below the mam level of the sea The ponds are divided by smaE banka of earth two 
feet high and from one to two feet thick The salt water is admitted by a smaU flood- 
gate and circulates by means of openings in the hanks It enters with a density of 
1 02fi, and continues to increase in density by evaporation imder the influence of the diy 
winds, iintE it attains a density of 1T43. Its volume is then reduced to one-sixth of 
its fli'st proportions It now begins to deposit sulphate of calcium, tiE the density 
reaches 1 210 It is than convoyed by moans of pumps, worked by horse or steam 
power, to reservoirs slightly more elevated, the bottoms of nhioh are generally composed 
oi hard clay weE beaten in, where the precipitation of the salt takes place. The volume 
IS by Elis time reduced to one-tenth of its original huEc From the density of 1 210, 
representing 2S° on Beaum^’s hydrometer, np to 1 286, equal to 32® on the same scale, 
the evaporation takes place in the open air, the liquid constantly depositing chloride of 
sodium almost pure, which goes into the market without further preparation In older 
to obtain it care is taken to run off the liquor maiking 32® B , which covers the bed 
of salt about two inches thick It is then collected by meaiie of shovels, and thrown 
into heaps called in the south of France Canwlls, and in Italy Cumuli. It is than 
aEowad to dram, after whioh. it is ready for sale. The ealt thus obtained is caEed 
bay-salt, 

The mother-liquor or bittern is used as a source of bromine It also contains 
considerable quantities of sulphate of sodium, and of the sulphates ond chlorides of 
magnesium and potassium The mode of treating it so as to obtain these salts, eape- 
oiaUy the chloride of potassium, has been brought to great perfection by Balard (See 
PoTissruM-SALTs, iv. 717, also SumiATss ) 

The foEowing table shows the nature and amount of the impurities in several kinds 
of commercial salt. 


Analyses of Common Salt 




& 





wT 


Chloride ni Sodium . 
„ tklum . 

Sulphate of Sodium 
„ Pot.iBslum . 
„ Cnlclum . 

,, Magneflluin 
Silicate of Sodium 
Nitrate of Sodium 

oxide, alumina, &c. 


1204 

DC OGI 

0*0*5 

'Mm 

i-550 

■ ; 

! 


0 30 

0*43 

^0-02 

610 1 

“E 


ICO 0( 0 

& 

100 noo 

woo 

9990 

1^1 

"^1 


Properties , — Pure chloride of Bodiivm has an agreeahlo saline taste It eiystaUises 
from aqueous solution by evaporation at ordinary or higher temperatures, in colourless 
toansparent cubes, which are anhydrous. Eoek-salt is often found crystallised in cubes, 
octahedrons, and intermediate forms, and occasionaEy in tetrakis-hexahedrons (ii 127) , 
it exhibits perfect cubic cleavage Specific gravity 2 1. — 2 67- Hardness = 26 It 
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often oecui'S in large erystnlline, transyareiit, and colourloas masses, possessing perfect 
diathermiuny, that is to say, it is ciimlly pervious to heat-rays of ovary degree of 
refi'ajigibihty (p 01). An aqueous solution of sodic chloride exposed to a tempera- 
ture of •about —10° deposits tho salt in hexagonal plates containing NaOlUH-0, 
hut as the temperature rises, the ivatev of crystallisation is expelled, and tho 
crystals fell to pieces, being converted into a heap of minute cubes The anhydrous 
salt, ivhen rapidly crystallised, contains mccUanically enclosed water, and consequently 
deciepitatos in the dre Some specimens of Mck-salt fa'om Wicliczka decrepitate 
when thrown into water, owing to tho escape of condensed gas, consisting, according 
to H Hose, of CH". 

Chloride of sodium melts at a red heat, and forma a crystalline mass on cooling It 
is somewhat less volatile than cldoride of potassium, but Itka that salt, volatilises iit a 
low red heat in open, but not in covered, vessels (H. Rosa) , at a white heat it vola- 
tilises, even in dosed vessels Heated with potassium, it yields chloride of potassium, 
and metallio sodium (Davy). When heated to redness with silica, it yields silicate of 
sodium and hydrochloiic aeul g.'is, the decomposition taking place rapidly in presence 
of aqueons vaponv. With oil of vitriol it gives sulphate of aoduim and hydroddoric 
aeid gas According to BeithoUet, it also evolves a small quantity of hydrochloric acid 
gas hy chstiUation with oxalic acid, but not inth acetic acid In solution it is decom- 
posed by excess of leud-oxide, into soda and eubchlorido of lead, PVCI (Bcheele), 
also by nitrate of ammonia (Karston ) 

Anhydrous chloride of sodium dissolves in about 3 pts of cold w.ater, and is scarcely 
more eoluble in boiling water. Fuchs states tlwt 100 pts of water dissolve 37 pts of 
it at all temperatures, hut. according to Gay-Lussac aud Poggiale, the solubility 
increases slightly with rise of teinporature, as shown by the following table • 


100 parts of water at 0° dissolve of NaCl SS flJ 


Goi-hUBsnc. 

36 

37 „ 

40 88 „ 


The speciftc gravity of the solution increases with its strength as follou s (Gerlaoh, 
Jahresb. 1869, p. 43) ; 

5 10 16 20 26 26'395 

10302 10734 1 1115 1 1811 1 1923 1 2043 

The number 26’396 represents the quantity of anhydrous sodium-ohlonde in a saturated 
solution at 15°. For an extended table by Gerlach of the specific gi.tvibes of salt- 
solutions of various strengths aud at various torapcralures from 0° to 100°, see Chemml 
T>vhnology,\o\.\ part 6. See also Sebiff (Jauresb 1858, p 39), and W, Schmidt 
{liM. 1869, p 128). 

The following determinations of the variations in volume of sidt-Bolntions at difforent 
t> mperatures are hy Kramers (Julmesh. 1867, p 63) 



ftiiantity of NaCl m > 
100 pts. of solution ) 
Specitio gravity of ) 
solution at 16°. ) 
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The freezing and boihug-pomta of the solution rise with the degree of concentration 
in the manner shown in the following table (Ttarsten) — 

Per cent, of salt 1 6 10 16 20 26 29 

Preezing-point . 0 76° 378° 7 44° 10 99° 14'42° 1777° 

Boihng-pomt . 100 21° 101 10° 102-380 103-99° 106-46° 107-27° 108-83 

Por more extended tables see Chemml Teelvnology, vol. i. part 6. 

Cbloi-ide of sodium is precipitated from its aqueous solution bypassing hydroehlorio 
acid into the liquid till it is saturated , this reaction is recommended by Mar^eritto 
for sepai-ating the salt from brine-iimors Chloride of sodium is insoluble in pure 
alcohol, but is taken up in cousiderabla quantity by ddute spirit. 

Chloride of bocGum unites withoUier metaUio chlorides, forming ciystsUiaable double 
salts , thcBo are doacnbod with the chlorides of the sbt^ metals 

sosiirm, SETECTIOKT AND ESTIMATIOKr OP. 1. Slowpipe Re- 
actions — Sodmm-compounds impart an intense yellow colour to the outer hlowpipe- 
flama, which quite conceals the coloration produced hy any other matab Alcohohc 
solutions of Bodmm-&alts burn with a yeEow flame. The spectrum of sodium is is- 
tingnisbed by a single brigbt-yeUow line, coinciding -with the dork solar line D. 

2 Seaotions %n Solution — Sodium-salts are even more generally soluble than potas- 
sium-salts. They giv e no precipitate with platmum-cMonde, tartam acid, or po cUoi'io 
acsd, and no crystals of alnm with svlpimte of aiummum. Siltcofluono acid gives a 
gelatinous precipitate in concentrated solutions. 

Aoid meiantmonaie ofpotaaeixm (i. 326) gives a white precipitate of metontimonate 
of sodium, flocculent at first if the solution is not veiy ddute, but soon becoming 
oryetallano It is produced immediately, in solutions containing not less than 1 pt. of 
sodiuni-salt in 300 pts of liquid. In more dilute solutions the precipitation is gradual, 
and the mctantimonate of sodium is deposited in ciystals on the sides of the vessel, 
the effect boin^ apparent after 12 hom-s, even in solutions containipg not more than 
pt of sodium-salt. The solution of aodiim to be tested should be neutral or 
BiJglitly alkaline, for free acid would separate autimonic acid from the reagent. It must 
also be free from salts of lithium, ammonium, and the eoith-metals, all of wludi, when 
diluted to a certain extent, yield precipitates of similar charactei- 

3 Estimation and Separation — Sodium is estimated ae sulphate or chloride, in the 
manner already described for potassium (iv. 699) 

Sodium IS separated from aU the metals of Groups i and ii (Ahaiybis, i 217),T)y 
Bulphydrio aoid and sulphide of ammonium , from the alkaline earth-metals by car- 
bonate of ammonium , from magnesium by baryta-water , from potassium by platinio 
cliloride and alcohol , from lithium by the solubility of lithium-chloride in aioonol and 
ether. 

The separation of eodium fr-om potassium is best effected when the metals are in the 
form of chlorides. Tlio amount of potassium being detemiued from the weight of the 
cWoroplatinate, that of sodium may frequently be estimated by difference To estimate 
the sodium directly, the filtrate from the potassmm-salt must be evaporated to dryness 
at a very gentle heat, and tlie residue ignited in a platinum crucible till the sodic 
cliloroplatmate and the excess of platimc chloride are entirely decomposed, tins decom- 
position 18 facilitated by adding a few crystals of oxaho acid daring tie ignition The 
chloride of sodium thus formed is dissolved out by water, evaporated to dryness, ignited, 
and weighed. Eemoving tho platinum by snlphydrie acid does not give good results 
(H Eose), The indirect method of analysis (i. 224) may also be advantageously 
applied, in many cases, to the estimation of potassium and aodium whan they occur 
together. 

4^ Atomic Weight of Sodium. — ^Berzelius found that 100 pts. of sodium-chlonde, 
N.-1CI, gave by precipitation 244-6 pts. silver-chloride, the atomic weight of aodium 
thence deduced is 23 17. Penny (Phil. Trans. 1830, p. 18), hy determining flie 
quantity of sodic nitrate produced by decomposing a given weight of .sodie chloride with 
nitric acid, obtained, as a mean of aevou elosaly-agreomg experiments, Na=23-0. 
P elouze (Ann Gh.Pharm.lvi. 202) found, as amcan of three experiments, that 100 pts, 
of silver required for precipitation 64 144 pts. sodium chloride - whence Na = 22 97 
Dumas {ikd exiii 31), as a mean of seven experiments of a similar kind, found 
Na = 23 01 ; and Stas found Na => 23 06. The atomic weight of sodium may there- 
fore be taken as 23 

SODITTM, FEtrORIBE OF. NaP. Ohtamed by saturating hydrofluoric add 
with eai-bonate of sodium It crystalhses in white anhydrous cubes or octahedrons, 
soluble in 25 pts of cold, and not much more soluble in hot water; the solution attacks 
glass. The fluonde is insoluble 111 alcohol 

Sodio-hi/di to fluonde, NaP HP, crystallises by spontaneous evaporation from a solu- 
tion of s^die fluoride supersaturated with hydrofluoric acid, in small rhomhohedrons, 
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having the angle of the termiinJ edgea = 71“ 35', ond often united in twins, Imving 
oP for the face of junction {Marignac, Jalireeh. 1867, p. 128.) 

AsMfpAato-^uorideo/Mdiroii, l^^ItFNa’SO^•waafolmd by Marignaa {ibid. 1859, 
p. 106) to amarato from the motlier-hquor obtained in the preparation of aodium-fliiorido 
with hydroflnoric acid containing a little sulphuric acid, in small hexagonal plates, 
■which could be rocrystalhsed fiiom water without decomposition. 

Fhtoride of Sodium and Aluminium. Cryolite, 31faF..^F‘ (i, 159). — This mineral Is 
now used for tlie preparation of soda 

sosiunx, HYBRATB OP. NanO or JTa’OH’O. Cauxtio Soda, Hydrated 
Oxide of Sodium, Mineral Alkdh, Natronhydrat. — This compound is formed when the 
protoxide or the dioxide of sodium is brought m contact with water) the notion being 
attended -with rise of temperature, and, m the latter case, -with evolution of oxygen 
It IS prepared, like enuatie potash, by decomposing sodic carbonate with hme ; 3 pts of 
cryatalliBod sodie carbonate aie dissolved in 16 pts. of boiling water, and a quantity of 
cream of hme, prepared by slaking 1 pt of lime -with 3 pts of water, is added by small 
portions, the whole being boiled for some time, and treated as for potash (iv. 700). 
The hydrate thus obtained may he purified by alcohol To obtain pure caustic soda 
without the use of alcohol, Grager (J. pr. Ghem. xevi 165) treats the carbonate, pre- 
viously piu'ifled BO far as to retain only a trace of cMonde, with carbonate of silver, 
then bods it ■with calcined marble, and, lastly, filters the solution through a funnel, the 
tlii'oat of which is stopped with lumps of marble and pulverised marble, pieviously 
wiiihed -with distilled water 

In preparing caustic soda from the carbonate on the large scale, it is of importance 
to recover all the soda which remains difinsed through the lime-miid. In some manu- 
fuotones the mud is washed repeatedly, and the weak liquors are used either for 
dissolving fresh portions of carbonate, or for diluting the black ash-liqiior ; m otlior 
w orks the hme-mud is filtered in the following manner — A sh.allow tank of stone or 
flags IS so built that the bottom inclines towards one part, from which a pipe leads 
away the filtrate • iws of poraus fii’ebricks are set lengthways, three inches apart in 
the bottom of the tank, and upon these are hud in cement porous quarls, which form 
the filtenng-bed The lime-mud is run on to this bed and allowed to filter for some 
time, after which a few mehoe of water ore gently run on to the pasty mass, so as not 
to disturb the particles Wlien this is properly managed, the water forces a strong ley 
oiA of the precipitate, without much dimimition of its strength. The filtering-bed may 
also be constructed of largo stones, gravel, and fine sand. 

Caustic soda is now made lu large quantity irom black ash-liquors. Por this 
purpose the hquors are coneeutrated in a fishing or boat-pan 30 feet long, 8 feet wide, 
and 2^ feet deep at the greatest depth, up to a specific gravity of 1 40, at a temperature 
of 260“ or 270“ F , -whilst a little nitrate of sodium is added to oxidise the sulphate of 
sodium m the black ash. The separating salts are fished out, and the bqiior is run 
into settlers, where more salts deposit during the cooling The liquor is now run into 
a hemispherical cast-iron pot (about 6 feet diameter at the top, and 6 J feet deep, in- 
olnding a cast-iron ring about feet high), and more nitrate of sodium is added It 
IS boded in this pot from 12 to 24 hours, during which a fruther deposit of salts takes 
place, which are fished out. The liquor is then tranafeired into another similar pot, 
called the “finisher,” and boiled until it contains 60 per cent, of soda, during wliidi 
more nitrate of sodium is added, while a thick scum which forms on the surface is 
skimmed off. When the ooncontration is complete, the fire is withdra-wn, and the melted 
mass allowed to settle, after which it is run off into iron casks, or on to plates, to 
solidify. 

Arrott proposes to produce a caustic soda fliorn sulphide of sodium, -with the aid of 
the oxides of iron or manganese. Hunt recommends the boiling of the solution of sid- 
phideof sodium with oxide of zino or black oxide of copper. Gossoge has patented the 
mamifiictiire of caustic soda from silicate of sodium by decomposition with lime, 
and proposes to employ the resulting calcic eihcato as manure Any of the other 
methods described for tlio preparation of caustio potash may also be applied to soda 
F 0. Ward proposes to prepare it from albite, in the same manner as potash from 
orthoelnse, by ealeining the mineral -with hme and fluor-spar According to another 
method, patented by Newton, felspar is heated with calcic phosphate and lime, all in 
powder, at a low rod heat, whereby calcic sihcate and aUcalme phosphate are produced, 
and when the mass is lixiviated with water, the hme decomposes the alkaline phosphate, 
reproducing calcic phosphate, while the alkali remains in solution. 

Cryolite is now employed ns a source of soda on the manufacturing scale in several 
places on the Continent (Copenhagen, Harhnrg, &o), the old process was to trnat 
the flnely-groimd oryohte with sulphuric acid, but this plan is now ontfrely abandoned 
The cryolite is groimd to powder and mixed -with lime, and either calcined or boiled 
with as much water as will form a nulk The boiling must be continued for sever, il 
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hours. When the mixture has boen calcined, tliB inass mnst be exhausted with water. 
The hydrofluoric acid, alumina, and lime form an insoluble eompoimd, while the caustic 
soda remama in solution. The foUowmg equation shows tlic change : — 

AlP^SNal' + 3Ca"H“0’‘ = 3NaHO + + 3Ca"F'. 

Hydrate of sodium is a white, opaque, brittle substance, haiung a fibrous texture, and 
specific gravity <= 2 00 (Dalton). It molts below redness, but is less volatilo at 
a red heat than hydrate of potassium. It colours the hlowpipe-flame intensely yeUow. 

Orystallued Sodic Sydiate — Soda-ley of specific gravity 1-386, cooled to 0°, yields 
large glassy crystulB of a hydrate containing 2NaHO 7H’0, or ffa’^O 8ffO. It melts 
at 8°, forming a hquid of specific gravity 1 406 , absorbs carbonic acid rajiidly from 
the air, water more slowly ; gives off half its water in a vacuum over oil of vitriol. It 
crystallises also very pure from a solution of caustic soda containing sulphate or chlo- 
ride of sodium (Hermes, Pogg Ann cxix, 170) According to Q-. Eose (Jahrosb. 
1863, p. 179), the crystals are mouoclmic, exhibiting the combination oP ooP. +P. 
— P . + 2Pco , [ «Poo ] , tabular by predominance of oP. Angle ooP : ooP (ebnod.) 

98°, oP the chnodiagonal prismatic edge = 104°, 2Poo ; the same = 137°; 
oP • coP = 98° (approximately). 

Prepared os above from the carbonate, or by dissolving the solid hydrate 
or anhydrous socuo oxide in water. It is a colourless caustic liquid. A saturated 
solution at common temperatiu'es has a specific gravity of 1'600 (Dalton) ; bolls at 
130°, and contains 36'8 per cent of soda 100 pts. of water dissolve, at 18°, 60 63 pts 
of hydrate, or 41 43 pts of dry soda , at 32°, 72 91 hydrate or 46 72 dry soda , at 66°, 
100 hydrate or 63'6S dry soda, at 70°, 116 75 hydrate or 71‘9Sdry soda, and at 80°, 
127 02 hydrate or 78 3 dry soda (Osann) . — 


Amount of Anhydrous Soda (Na’O) tn a Solution qf Oaustio Soda, aocording to 
Tunnermann. 



(See also Eiohter’s Tables, Stochemetrie, lii 332, Dalton’s Elements, ii. 316) 

The reactions of caustic soda ore the same as those of potash, excepting that it 
gives no precipitate with platinio chloride, tartaric acid, or perchloric acid It is very 
extensively used for malang soap, and indeed for all purposes for which a caustic 
alkali is required, as it is cheaper than potash, weight for weight, and, moreover, as its 
combining number is less, a smaller quantity snfflees to do a given amount of 

SODXtrni, lODIDS op. Kal. — Tins salt is contained in tbo mother-liquors of 
kelp It may be prepared by dissolving iodine in a strong solution of soda, ev.iporatiiig, 
and ebghtly calcining the residue to decompose the lodate formed at the same time. 
It crystalUsos from aqueous solution, at 20° and upwards, in anhydrous cubes , at lower 
temperatures m hexagonal plates containing Hal 2H’0 The anhydrous salt melts 
when heated, and volatilises at a liigher temperature, giving off part of its iodine It 
is deliquescent, easily soluble in water and in alcohol, 100 pts water at 14° dissolve 
173 pts. of it The followmg relations between the specific gravity and strength of 
the aqueous solution have been determined by Kremors (Jahrosb 1868, p 40), 
the specific gravities being referred to water at 19'6° as unity : — 

Specific granty of solution 1T762 1-3362 1 4962 1 6659 1-8047 
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The foUowng table exhibits the oxpanBion of solutions of sodmtti-iodide at different 
temperatures (Eremera, Jahiesb. 1869, p. 49) 

Volumes ofAquemts Sodtam-Iodide at different imperaturea (vol at IQ'S® = 1). 


1 00000 
1 00942 
1-02021 


0- 09030 

1- OOOOO 
1-01104 
1-02264 
1-03614 
1-04840 


1-01109 
1 02366 
1 03614 
1-04917 


A. satiu-ated aqueous solution of aodiiini-iodido boils at 141° (Kremers) 

A compound of aodie todtde and iodate, 3NaI 21irnlO*.20H’O, crystallises in hexa- 
gonal tables, oE . ooEwith +E, — ^E, dec. Angle, oE ; +E « 116° 7’, oE:~JE 
*= 133° 10’. (Mai-ignac, Jabresb. 1867, p. 124.) 

SODIUM, OXZDDS ol*. Sodiiutt forms a pvotoxido and a dioxide 
The proioa-idc, Na'-'O, or anhydrous soda, is produced, together with the dioxide, 
when sodium burns iu the iiir, and may bo obtamod pure by exposing the dioxide to a 
■Very higli tempeniture, or by heating sodic hydrate -with on equivalent quantity of 
sodium NaHO -i- Nn = Nn*0 -l- H. It is o grey moss, hat-iug aconohoUalfa-uctiirc, 
melts at a red heat, volatilises -with difficulty, is a non-conduotor of eloetrioity. Specific 
gravity = 2 806 (Karsten). 

Dioxide or Peroxide of Sodium, Na^O’, is obtoiiled by igniting sodium iu oxygen- 
gas till its weight becomes constant. It is of a pure -white colour, but becomes yoUow 
when heated, and white again on cooling When exposed to the air, it slowly deli- 
quesces, and after a while resolidifies as carhonate. On mixing it -with water, great 
heat IB produced, and a small quontity of gas is evolved (arising foom the local heating 
of the peroxide). A small heap of it, when moistened, boeomes yellow with heat, and 
gives off a considerable quantity of oxygen. If, on the contrary, it be thro-wn into water 
in the state of powder by small portions at a time, it dissolves with very little evolu- 
tion of gas, and forms a solution of dioxide 
A solution of the dioxide evaporated over a wator-hath, gives off oxygen slowly at 
first, but rapidly as the sobdresidiio begins to separate , but if evaporated slowly over oil 
of vitriol at common tompemtuves, it yields, without evolution of oxygen, large hexa- 
gonal tabnlim crystals of a hydrate, containing Ea^O’ 8H’0 
These erystids, when left to effioresco over oil of -vitriol for nine days, lost three- 
fourths of their water, and yielded another hydrate containing Na-0’“ 2H*0. 

Iodine decomposes sodio dioxide, forming an oxyiodtde and bberatmg oxygen: 

NaW + P = Na*PO + 0. 

The dioxide absorbs carbonio oxide, forming sodic carbonate . 

Na»0» + CO = NaW. 

With carbonic anhydride, the same compound is formed, and 1 at. oxygon set free. 
With mtria oxide it forms sodic nitrite - 

+ 2NO =» 2NaNO’. 

With nitrous oxide the same salt is formed, and 2 at. nitrogen given off: 

Na’0» + 2N»0 ~ 2EaE0‘' + 

(A. A’' ernoB Harconrt, Chem. Soe J. xv. 267.) 

SODIUnX, OXYIODIDB OF. Na*PO, or Eal.NalO ?— Produced, as above 
meutioned. by the action of iodine on sodic dioxide It dissolves in acidulated water 
with separation of iodine - 

Ea«TO + HCl = NaHO + NaCl + P. 

SODIUM, SUltPBIDES 03E*. Sodium forms 'with sulphur a numbor of coni- 
poundb corresponding exactly -with tbe sulphides of potassium (iv. 707), and prepared 
in the same manner The protosnlphide, Na°S, crystalhses in large octahedioiis, and 
forms A large number of siilphosalts, most of -vrluch are eiystallisablo Hydrate and 
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carbonate of sodium react with, sulphur, both in the wet and in the dry way, in the 
same manner as hydrate and carbonate of potassium. 

SOSXtmi, TaUUntlDE of. Analogous to tellnride of potassium. 

SOIIiS. The term “ soil” is applied to the upper stratum of the earth’s crust, — ^that 
which IS available for the ^owth of plants A soil consists of mineral substances 
resulting from the decomposition or weathering of rocks, mixed with organic matter — 
the so-called humous suistaKflcs— produced bji the decay or putrefaction of plants 
which have grown upon it, and in cultivated soils, with the various siibstancos, organic 
and inorganic, added in the form of manure. The stratum immediately below the 
cultivable soil, consisting of disintegrated rock, not touched by the spnde or plough, 
and reached only by the deeper-rooting plants, is called the " subsoil ” 

The soil is the source whence plants derive the whole of their mineral food. All 
plants require for their nutrition phosphoric acid, sulphuric acid, alkalis, lime, magnesia, 
and iron ‘ many species require silica ; those which grow on the seashore require 
sodium-salts and motallia iodides. All the compounds required for the nutrition of 
plants are, in a certain sense, of equal value ; if one of them is wanting in the soil, or 
present only in a form which cannot be taken up by the roots, the plant will not 
flourish. 

The organic constituents of the soil serve as sources of earbomo acid and ammonia. 
The ammonia is produced by the putrefaction of nitiogenoua matters — ^the catbonio 
acid by the oxidating action of an- penetrating the soil on the carbon of the humous 
substances. The carbonic acid thus produced not only serves as a source of carbon 
to the growing plant, but likewise assists in the dieiutegration of the mineral con- 
stituents of the soil, by dissolving the earthy phosphates and dscowposing the 
folspathic minerals. Chloride and nitrate of sodium and ammoniacal salts hkewise 
dissolve the phosphates of calcium and magnesium, and thus contnbuta to diffuse 
them through the soil. 

It was fomerly supposed that the constituents of a soil could not be taken up by 
the roots of plants, unless they were in the state of solution , but later researches nave 
shown that &is is not the case, but that soiIb, ospecuiUythosa which contain abundance 
of decayed vegetable matter or humus, have the power of absorbing the acids, alkalis, 
and salts which filter through them in the state of solution, and retaining these 
substances in a state of loose combination, m which they arc ready to be taken up by 
the roots of plants. 

In 1845 H, S Thomson (Agr Soe J. xi. 68) observed that when solutions of 
sulphate or carbonate of ammoimim are Altered through soils, the first portions of tlie 
filtrate contain only traces of animoma, but, m the case of the sulphate, a considerable 
quantity of gypsum Huxtablo, about the same time, found that dunginll water 
filtered through a loamy sod loses its coloim and odom- 

These obsei-vations were fm’ther extended by Way (Agr. Soc, J. xi. 313), who 
showed that certain constituents of farmyard manure, when brought in contact, in the 
state of solution, with arable soil, lose their solubility, and unite in a peenliar manner 
witli the soil. Caustic ammonia, and sulphate, nitrate, and diloride of ammonium, 
treated m aqueous solution, with excess of soli, givo up their ommoma to it completely ; 
while the sulphuric, nitne, or hydrochloric acid unites with other bases (generally lime) 
contained in the soil, forming soluble salts which filter through A similar absorptive 
power is exerted by the particles of a soil on potash, whether in the caustic state, or in- 
the form of potaasio sulphate, nitrate, or chloride. Elutions of sodium andimignesium- 
salts likewise give up their bases to the soil, Phosphates, however, are not affected by 
the soil m the same manner as sulphates, nitrates, and chlorides, inasmuch ns from 
solutions of sodic phosphate, or from a solution of guano-ash in dilute sulpburic acid, 
the phosphoric acid, as well as the base, is withdrawn by the particles of the soil. 
Way likewise found that putrid urine, the retting water of flax, and sowago-water, are 
deprived by contact with soil, of their ammonia, potash, and phosphoric acid. 

The absorptive power of asoil for potash, ammonia, and phospboric acid can scarcely 
be regarded as a definite ehomical action, inasmuch as it is oxertod in an equal degree 
bysodsof the most various composition . a soil abounding in day, with a small propor- 
tion of lime, possesses it in the same degree as a lime-soU containing a small free por- 
tion of clay ; it is, however, considerably affected by the quantity of humus present in 

The absorptive power of arable soil depends very much on its degree of porosity, a 
dense heavy clay-sod and a loose sandy soil possess it m the least degree, and it is 
most strongly eAibitod by those sods which have alight porous Btmoture,like wood or 
charcoal , in fact, it is similar to the surfaeo-attraction exerted by charcoal on colouring- 
matters, the attracted particles not entering into a new chemical combination, hub 
retaining their original properties When a salt, such as sulphate of ammomuin 
or potassium, gives up its base to the soil, the mad separated thei;efrom enters into 
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com'bination -with lime or momeeia contained m the soil, The attraotive force of the 
earthy particles for the alkflu ■would prohahly not he sufficient m itself to separate it 
from the anlphunc or nitric acid, hut the deaiomposition takes place when assisted 
by the additional attraction of the lime or magnesia for the sulphuric or nitric acid. 

A-bscirption of nutriment from the soil is effected by the extremities of the roots, 
which must therefore he in immediate contact with tho nutritive particles, and hence 
the necessity of sufficient porosity in the soil to enable the roots to spread and ramify 
in all directions through it. “ Tho effect produced hy breaking up the ground with tho 
plough, spade, hoe, harrow, and roller, do;pends upon the fact that the roots of plants 
go in search of their food, that the uutntivo substances have no locomotion of tlieir 
ovm, and cannot of themselves leave the places m which they are. The root, as if it 
had eyas to see, bends and strotehes in the direction of the nutriment; so that tho 
number, thickness, and direction of its filaments indicate tho precise spots where they 
have obtained food.” (Liehig, The Natural Lam of Eusbandry, London 1853, 
chapter ii.) 

Analysis of Solis,* — ^The method at present adopted for the analysis of soils is 
esBBUtmliy the same as that described by Sprengel end Otto in Spreugers “ Boden- 
kunda ; ” depending on the principle, that in order to judge of the fertility of a soil, it 
is necessary to determine not only what are its elemontiiry constituents, but likewise 
the manner in which they are combined. With this view, Sprengel and Otto treated 
a sample of the soil successively with water, dilute hydroehlorio acid, strong sulphuno 
acid, and by fusion -with an alkaline carbonate The constituents of the soil soluble 
in water were supposed to be actually available as plant-food, those which were 
soluble in dilute acids as available for that purpose after being subj’ected to the action 
of carbonic neid and tho humous acids of the soil ; the rest as available only after 
the soil bad been subjected for a considerable time to atmospheric influences, assisted 
by the mechanical operations of tillage This mode of proceeding was originnlly 
based upon tlie supposition that tho constituents of tho soil which ore to nourish the 
plant must be presented to it in the state of solution, a view which, as already observed, 
can no longer be regarded as correct. Still, as the several constituents must be 
brought into tho state of solution before they can be distnbuted tbrougb the soil, and 
be taken up by its particles m the state of physical aggregation above described, the 
separation of tlie soil into portions soluble in water and acids, and an insoluble portion, 
is stiU capable of affording useful information as to its nutritive properties 

o Oonsiitiienis soluble in Water — An average sample of the soil having been obtained, 
and fi’eed from atones and the coarsest particles by sifting, lie original plan was to 
heat a considerable quantity of it (1000 to 2000 grms.) witli water nearly to the boibng- 
point, then filter , wash the residue as completely as possible with hot water , evaporate 
the entire liquid to about the volume of tho water first employed ; filter again to 
separate any deposit that may have formed , then determine the volume of the filtrate ; 
and employ measured quantities of it for estimating the several constituents 

The total amount of the constituents soluble in water is obtained by evaporating 
a measured quantity of the solution to diynesa, and weighing the residue when it no 
longer loses weight at 100°. The dry residue is then gently ignited for some time in 
contact with the air, and weighed after dr^ng over od of -vitriol, the loss of weight 
thus determined being reckoned as organic matter, nitric acid, and ammonia, 
supposing the presence of tho two latter substances to liave been previously ascertained 
by qualitative analysis. The ignited residue is then treated with hydrochloric acid, 
and evaporated to dryness , the remaining substance is exhausted 'with dilute hydro- 
chloric acid, and the iindissolved silica separated by filtration 

The filtrate is next treated -with chlorine-water, and ammonia is added, whereby a 
precipitate is formed contammg alumina, ferric oxide, manganic oxide, and 
phosphoric acid, together -with a portion of the lime and magnesia, in case the 
qiuintity of phosphoric acid is considerable. This precipitate is collected and weighed, 
and its several constitiioutB are separated and estimated m tho manner already 
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Bepaiating tlio magneeia, potash, and soda. If, on the other hand, the alkaline 
earths have been wholly precipitated, together with phosphoric acid, m the liquid 
filtered from the silica, phosphoric acid may stiH be present in the filtrate containing 
the alkalia In that case the phosphoric acid may bo separated hy methods already 
described (iv. 649) 

Separate quantities of the aqueous extract of the soil are used for estimating sul- 
phuric acid hy ohlorido of baniun, and chlorine by mtrate of silver. Carbonic 
acid, if present, is estimated in a portion of the extract evaporated to a small bulk, 
by the method given under Alkaumetiiv (i. 119). 

It is evident, however, that an aqueous extract prepared as above, by boUing with 
distilled water, cannot afford an exact representation of that solution which is actually 
formed in the boU by rain-water, under the varying atmospheric conditions to which 
the soil IS exposed m the course of a season. To obtain such a solution, an instrument 
called a “lysimeter” is employed, consisting of a square box, usually made of zinc, 
open at top, closed at bottom, and having an internal area of exactly one square foot. 
At the depth of six inches from the upper edge is placed a perforated bottom, the 
space above this is filled with earth, and the box is sunk m tlie'ground to the level of 
the upper edge. All ram-water which falls on this square foot of surface must, there- 
fore, either evaporate or filter through the six-inch layer of soil and collect in the box 
below. The instrument is taken up and emptied every three months, or oftenorif the 
amount of rain is greater than usual. 

The following table contains the results of several analyses by Zdller of drainngo- 
water ooUocted in the lysimeter . — 1. From manured hme-soil with v^etation. — 
2. Hough olay-soU with vegetation — 8. Bough clay-soil without vegetation.— 
4. Maniu'sd clay-soil without vegetation. — 6. Manm'ed clay -soil with vegetation . — 


Lysinisler Waters, according to Zoller. 


A mlUioQ parte of water 
contain : 


2 



5 

Solid residue at 100® . 
Ash tiierein 

Potash 

Soda 

Lime .... 
Magnesia . 

Feme oxide 

Chlorine . 

Phosphoric anhydride 
Sulphuric „ 

Silicio „ 

472-32 

317-62 

6 60 
711 
145-86 

20 62 
1-32 
67-49 

2 28 
17-47 

10 46 

264-64 
176 74 

2 37 

6 60 

67 60 

8 80 
6-36 
9-62 

27-13 

11-36 

292-64 
194 78 

2 03 
7-43 

70 80 
132 

8 26 

20 87 

27-82 

17-48 

305 20 
214 60 

6 46 
23-74 
68-41 

2 93 

6 76 
39-46 

29-30 

9 60 

201-50 
212 18 

8 82 
6-02 
92-34 

6 12 

4 30 

35 27 

33-49 

0-34 


j3 Estmation of the oonstitiunts soluble in dilute Rydrochlorw Acid — This is the 
moat important part of a soil-analysis, inasmuch as it diows the total amount'of those 
constituents of the soil which are readily available as plant-food It was formerly 
made on the residue loft after exhausting the soil with boibng water, but as this mode 
of extraction is no longer regarded os of much importance, it is now more generally 
made upon tlie sod m its onginal state, after mechanical separation of the stones and 

A quantity of the soil (60 to 100 gnus ) is mixed with water to a thin paste in a 
flask, and hydrochloric acid is gradually added, as long as any effervoacence is thereby 
produced , the whole is then warmed for a tune, with frequent agitation, then filtered, 
and the insoluble residua thoroughly washed. The filtered aolutiou is evaporated to 
dryness, after addition of a little nitric acid ; the silica is separated by filtration and 
weighed, and the filtrate is dmdod into several portions, which are measured or 
weighed, and used for the estimation (1) of anlphuric acid, (2), of phosphoric 
acid, aliifuina, fame oxide, manganous oxide, lime, andmagnesia; (3), of 
the alkalis A separate portion serves for the estimation of carbonic acid, and 
another for that offerrouft oxide, supposing this oxide to be present in the soil 
together with feme oxide For this latter purpose, Fresenius adopts Marguentte’s 
method with potassio permanganate (i 263 , iv. 384), which, however, is not applicable 
when organic matter is present In this case it is boat to digest the soil with hydro- 
chloric acid in an atmosphere of carhomo anhydride, then nearly neutrahse the free 
acid with sodium-carbonate, and add levigated barium-carbonato in excess, which will 
throw down the whole of the ferric oxide, leaving tho ferrous oxido in solution. The 
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liquid ia thou filtered in an otmosphero of earliomc anhydride ; and the iron in the filtrate 
is brought to the state of ferric oxide by chlorine' water or nitric acid, and precipitated 
in that form by ammoina 

7. P&rkon insoluble %n dilvcte SyArocUono Acid. — ^Thia portion of tbs soil gei lly 
consists of clay and aand, mixed with other minerals. By heating a portion of it 
(fi to 10 gums.) wth several times its weight of strong sulphuric acid, till the gi'euter 
part of that acid ia volatikBed, the clay ia decomposed, the other constituents remaining 
for the most part unaltered. The whole is left to cool, tho nearly dry residue is 
treated with dilute hydrodilonc acid, and the bases are determined in the filtered 
Solution iu the way already indicated (18) From the nndiasolved residue, the 
piilTmilont ailica separated from the clay may be dissolved out, though with consider- 
able difficulty, by repeated boiling with strong solutions of sodic carbonate. There 
then remains a mixture of sand and other minerals not decomposible by oil of vitriol, 
the nature of which may generally bo determined with auffleient accuracy by the 
microscope 

5. Msimation of Organic Matter. — The total quantity of organic matter in a soil, 
consistingof remains of plants and products of decay (the so-called humous substances), 
may be roughly estimated from the loss of weight which the dried soil imdorgoes when 
exposed to a low red heot not strong enough to decompose the earthy caihouates 
Many soils, however, especially those containing clay, give up a certain portion of 
Water only at a red heat ; moreover, ammonia and uitnc aeidmay be included in the loss 
of weight obtained on igmtiou. Hence it is hotter to determine the amount of carbon 
ui the soil by combnation with oxide of copper, deducting from tho amount of carbonio 
anhydride time obtained tliat which exists in the soil in tho form of carbonates, or making 
tho combustion on a portion provioualy freed from carbonates by treatment with dilute 
acid. Another method is to digest 5 grms. of the soil with 10 0. 0. water and 15 0. 0. 
oil of Vitriol, allow tho disengaged carbonic anhydride to escape, then add 5 grms of 
acid potassio chromate, heat the liquid, and colloot the carbonic anhydride thereby 
evolved (Wolff) 

f. Ksimaiien of Phtrogen.^Tho entire quantity of nitrogen existing in a soil, in tho 
form of ammonia, of nitric acid, and of organic compounds, may be estimated by com- 
bustion with oxidoof copper, as inDumas’a method (1. 242). Todetemiue thenitric 
acid, Wolff exhausts 600 grms. of the soil with cold water; evaporates the filtrate to 
30 0 0 ; mixes it with a little potash-ley, and boils till ammoma is no longer evolved; 
then reduces the nitric aeid in the reeiduai solution with zinc, and estimates it in the 
form of ammonia (iv. 88, 891 

No exact method has yet tioeii discovered of determining the quantity of ammonia 
existing in a soil. W. Mayer found that even when ammonia was added to a soil, it 
could not he recovered with certainty byhoiling with soda-ley. 

The following tables exhibit tho proportions of carbon and nitrogen found in several 
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Russian Black Earth from the Qauerrment of Tawbow (Betzoldt). 

In lOOyiie of Earth dried at 116° — 120°. 

Lois by ignition. Nitrogen. 

Manured arable soil 18 18 0-17 

Tlnmanm-ed subsoil 9'48 0'33 

Humanured arable soil ..... 8'28 0 SO 

SOlMOiirixxi. Syn with Cobundum. 

SOIAJWICXMB. G“H'‘N»0 (?).— A hase prodaced by the action of hydinelilorio 
acid on solanine. A solution of solanine in cold concentrated hydrochloMc aeid 
assumes .it first a reddish or violet, then a yeUow colour, and afterwards yields a red- 
brown precipitate containing the liydrochlorates of two new bases Sponugly soluble in 
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alcoliol. Prom tho alcoholic solution of tho precipitate, ammonia throws down a yellow 
gelatinous mass, which, after treatment with hot alcohol (to remove solaniuo and 
soUnidine), is resolved, by repeated digestion with ether, into a base soluble with yellow 
colour, and another nearly insoluble in ether. 

The soluble base appears to bo impure soUnidine, The other, solanioine, which • 
dissolves only in 2,000 pts of ether, and is very slightly soluble also m water and in 
alcohol, may be obtained by slow ev.iporation of its etheieiil solution, m slender 
needles or ciystallme flocks It melts, with decomposition, above 260°, is coloured 
red by concentrated acids , and foims amorphous, yellow, nearly neutral salts, easily 
soluble m water and m alcohol, but insoluble on ether The deep yellow solutions 
have an astringent bittor taste, and are precipitated by concentrated hydrochloric 
acid. The hydrorhlorate has the composition 2HC1, the eUoroflatmate is 

C™H’WO 2HC1 Pt‘'’Glh (Zwenger and Kind, Ann. Ch. Pharm exsih. 311 ) 

Solamcme gives by analysis (mean) 83’01 per cent. 0, 10 83 H, 3 87 N, and 2 29 0, 
agreeing nearly witli tho formula G“H”N-0, which requires 83 10 0, 10 80 H, 3 88 N, 
and 2 22 0 If it coutained 2 at, hydrogen more, or if solamdine contained 2 at hydro- 
gen less, It might be supposed to be formed from solamdine by abstruetion of ffO , but 
neither of these suppositions agrees well with the analytical results. The formul® of 
solanino and all its clorivativos require further investigation. 

SOItANXmiirB. C^ff'NO (?). — base produced, together with glucose, by the 
action of acids on solauine It was discovered about the same tune by Zwenger and 
Kind (Ann Ch Pharm. oix 244), and by 0. Gmolin {ihnd. ox, 167), the latter of 
whom regards it as non-mtrogenous (p 346) It is best prepared by boiling solauine 
with dilute hydrochloric acid, washing tho precipitated hymuchlovato of solaaiidine with 
water, Teorystallising it fiom alcohol mixed with ether, precipitating tlie alcoholic 
solution by ammonia, and recrystallising tho precipitated base, first from alcohol, then 
from ether. (Zwongor and Kind.) 

Solamdine aissolves easily in alcohol and m other, but is nearly insoluble in water. 
It oiystalhsos fiom alcohol in long colourless silky needles, from ether lu thicker 
oiystals, exhibiting, when magnified, the form of fom'-sided prisms The solutions have 
a bittor somewhat astringent taste (Zwenger and Kind) The alcoholic solution 
gives a yellowisli-brown precipitate with iodine (Kromayor). When quickly heated 
it melts above 200°, and sublimes almost without decomposition , when .slowly heated, 
it decomposes more easily From tho solutions of its salts it is precipitated by ammonia, 
or the fixed alkalis, in the amorphous state It is not decomposed by boiling potasli- 
ley, and docs not reduce oblonde of gold, nitrate of silver, or an alkaline cupric solution. 
With moderately strong sulpbimc acid, it gradually forms a dark-red solution, con- 
taining two new bases procipitable by water With more dilute sulphuric acid, espo- 
eially on addition of alcohol, it exIubiU (like solanme) a transient bluish-red colouring, 
by which small quantities of it may be recognised. 

Zwenger and Kind found in solamdine (moan of three analyses), 80 92 per cent, 
carbon, 1116 hydrogen, 3 79 nitrogen, and 410 oxygon. The formula C“H"NO 
re^res 80 87 carbon, 11 06 hydrogen, 3 77 nitrogen, and 4 31 oxygen 

Salts of Solamdine. — Solamdine ' ’ . ■ " bne reaction than 

solauine, and forms both neutral and at , hitter, sparingly 

soluble in water and in acids — The h . « I oposited from the 

solution of tile base in alcohol containing hydrochloric acid, and recrystallisod by slow 
evaporation from olcohol, forms rhombic pinsras with end-faces j slightly soluble in 
water and in hydrochloric acid, easily in alcohol, and volatilising without decomposition 
when heated — The chloroptatinate, 2C“HoNO 2HC1 Pti’Cl*, separates in yellowish 
flocks, when a solution of solamdine in alcohol containing hydrocliloric acid, is mixed 
with platinio chloride and poured into cold water. — Tho mtratc, prepared like the 
hydroohlovate, crystallises in tufts of needles — The mlp/mte is easily soluble in alcohol, 
less easily in water, and separates partly m slender needles, partly as an amorphous 
powder, apparently a mixture of the neutral and acid sulphatea. (Zwenger and 
Kind.) 

SOIiAiriN'i:. (?) — ^An organic base discovered in 1820 byDesfossea 

(J Phann vi 374), in the berries of the black nightshade (ySfataamm^ram), and sub- 
sequently obtained from several other species of aolanum; e g., from the hemes of 
Solanum vet haset folium, from the hemos and (in small quantity) from the tubers and 
green parts of tho potato (S tvJirroaum), but especially in the flowers, stalks, and 
berries of the woody nightshade (8. Dulcamara), and in the shoots or germs which 
pot.itoes throw out when kept m cellars during winter (0 063 per cent according to 
J. Wolif and Blanchot) Solanme has been investigated by Desfosses {loc ott), 
byPayen and Cheval]ier(J chim. m6d i 617), 0 Henry (J. Phaim. xvui. 661; 
XX, 54), Otto (Ann. Ch Pharm. vii. 160, xxvi. 232), and others, and more recently by 
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Moitisaier Wnd. i. 368), Zwangar and Kind ( j'JkJ, cix 244, crriii. 129), and 
0. Q-melin (md ex. 167). The results of these several luvestigntiona exhibit many 
points of difference, possibly because tho erystalhsable bases obtoinod from different 
species of solanum are not really identical, or becauss many of the products examined 
■were impure. 

Freparation — 1. From Potato-shoots , — ^The fresh shoots are boded in ivator slightly 
acidulated ivith sulphuric acid ; the rapidly expressed liquid is precipitated, while still 
warm, by ammonia , the dried precipitate is exhausted with boiling alcohol, and tlie 
Boknine, which separates almost eomplatuly on cooling, is several times ciystallised 
from alcohol, till it dissolves m hydroehlorie acid without turbidity Fresh rather 
sliort potato-shoots, not too much developed, yield the largest quantity (Rcuberg, 
Ann. Ch Pharm. xxx. 225.— Zweiiger aud liiiid)~Aa solanine is easily resolved, by 
heating with acids, into sohmidine and sugar, euro must be taheii not to use the acid too 
strong or lu too large quantity. Acetic acid, which docs not decompose solanine, would 
perhaps he hotter adapted for the propar.T.tioii than sidpliurio or hydroehlorie acid. 
According to Kromayer (Arch. Phorm. [2], cxvi. 114, Jahresb 1863, p. 460), 
solanine is most easily obtained by precipitating the expressed juice of the potato- 
germs with lime, without using acid, and exhausting tho precipitate with alcohol. 

2 Prom Potato-tvhers — The potatoes rulibed to a pulp are digested in water con- 
taining sulphuric acid , the filtrate is boiled to scpar.ite albumin ; the liquid again 
fllterod, and precipitated with milk of lime, and the precipitate treated with alcohol. 

3 From tho berries of So'anum mgnm, &o — The ripe hemes aro pressed , the 
juice is precipitated by aminonia, and the grey pulverulent precipitate is piu-ified by 
rcorystaliisation from alcohol, with aid of animal charcoal — Pescliier dissolves the 
impnro precipitate m .acetic acid, precipitates tho filtrate with amnioni.i, and then ti'oats 
it with boiling alcohol. — ^Pnycii and CbevaUier exhausted the dried homos of Solanum 
verbascifohum with alcohol, treated tho extract which remamod on evaporation with 
■water, aud precipitated the aqueous solution with magnesia, whereby impure solanine 
was obtained. 

Pnoperiiea — Solanine (from potato-shoots) is slightly sohihla in cold, easily in 
hot alcohol, and crystallises therefrom in slender silky needles, which under the 
microscope present the appearance right-angled four-aided prisma. It la nearly 
insoluble in water and in ether. From its solution in acids, it is completely aeparated 
by alfciUis as a white gelatinous preoipitato. It has a slightly bitter and somewhat 
burning taste, and faint alkaline reaction. It is very jioisonous, two or three grams 
being suffleient to kdl a rabbit m a few hours, — ^firet, however, producing paralyeis of the 
hinder extremities The 6.imo symptom has been observed lu oxen after eating potato- 
shoots. It melts at about 236° to a yello-wish liquid, aolidifjnng to an aiuorphoiia 
mass At a stronger heat, it emits the odourof burnt sugar (Zweugor and Kind). 
■When a very small quantity of it, m the state of fine powder, is heated on a piece of 
platmum-foil having in tho middle a hemispherical depression covered with a araall 
■watoh-glttss. It sublimes in o network of slender needles. (Holwig, Anal, Zoitschr. 
iii 43 ) 

Tho analysos of solaarao by different ehomists exhibit great diversity, as tho following 
table will show — 

Fforn Solanum Dtticainaia, Fiow PoictiO'^hoois> 

Henry. Moltltslor. fllnnchet. O. Qmelin. Zwengor u. Kind, 
75 0 60 9 62'0 62 2 60 01 

91 8 7 8 9 87 8'40 

3 1 3-6 1'6 1-37 

12 8 26 8 27 6 29 1 30 22 

106 0 100 0 100 0 100 0 100 00 

Henry’s analysis, which differs -widely from all the rest, may ho represented by tlie 
formula Blaneliet’s by or Moihssier deduces 

from his own analysis the formula or C’'H“NO’. Zwonger and Kind's 

results limy be represented by the formula requiciiig G0'21 per cent carbon, 

8 28 hydrogen, 1 63 nitrogen, and 29 88 oxygen * 0 Gmolm found variable quantities 
of nitrogen in solanine, and is of opinion that tho pure substance is free from nitrogen ■ 
he deduces from his au,ilyses the formula But the basic character of 

solanine renders it moat probable that it contains nitrogen, 

Pocompositwns. — 1. Solanine, subjected to dry distillation, yields solanidina together 

» Znongor -md Kind givn for solimliw tho formula CB«Hi»WOih for solanldlno Cf'i>H«JV0h and for 
•olanklno the first two of which ore Inadmissible, hcc.ios 0 the sum of tha hjdrogen- and 

oiml^is' (ov'Mlamne ana fcolaiiidine so closely ns the formulas l«Hn9oiii'TOd C^HiiN'o? 


Carbon . 
Hydrogen 
Nitrogen 
Oxygen 
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■wMi acid empyreumatio products. — 2 It is not decomposed by haiyvag potash-icy — 
3. It reduces, -wbou heated, a solution of argentia nitrate or am to cUande, but not on 
alkaline cupric solution. 

4. Sulaniiie, warmed or boiled with dilute sniplmno why drocMonoaoid, easily splits 
up into solamdme and glucose, the sulphate or hydroeblorato of solauidmo separating 
in the cryataUina form, 'while the sugar remnms dissolved. The decomposition is 
likewise produced by oxalic, but not by acetic acid. According to Zwenger and Kind, 
the reaction is : 

0«h’'NO'» + 3B?0 = 0“H«liro + SC»H'*0“ 

Solanme. SoUnldlne. 

According to 0. Gtmelin it is : 

+ 3h:»o + 0“ - c“H“o» + 3 Ci»h:'w. 

Solanine. Selanidlne. 

The absorption of oxygen here supposed is, ho-wever, contrary to the analogy of all 
reactions of this kind W. D olf f s (Cliom Centr. 1869, p. 800) remarks that (Jmelin’s 
analysis of solaniuo may represented by the formula C“H“0', and his analysis of 
Bolanidine (81 9 and 82 0 per cent. C, and 10 6 to 10 8 H), by the formula 
according to which the reaction would be • 

= C'*H™0 + 

If this formula were correct, solonine (or rather solanin) would be a glucoside homo- 
logous with msculin, arbutm, sslicin, senegin, 

and perhaps smUacin, But, us already obserred, it is more probable that 

Bolamne and solanidine contain nitrogen 

6 A cold-prepared solution of solanine in more concentrated avlphuno or hydro- 
chlono aoidt deposits on standing a hnlky yellowish precipitate contaming the salts 
of solonioine and another base (p. 346), formed from solamdme by the action of the 
strong acid. (Zwenger and Kind) 

6. With strong nUno aoid, solanine forms a colourless solution, which exhibits after 
a while a transient red colour, and ultimately deposits a brown resin. (Zw engor 
and Kind.) 

7. Solanine q^uickly absorbs vapour of iodine, forming iodosolamue, which is brown, 
permanent m the air, and dissolves with brown colour m water. An aqueous solution 
of sulphate of solanine likewise aseumes a dark-brown colour ou addition of aqueous 
lodme According to Kiomayer, an alcoholic solution of solamne mixed -with a loi'go 
quantity of lodine-water, tons red-brown hut remains clear, whereas a solution of 
Bolanidme simihirly treated yields a yellow-brown precipitate. 

8. According to Moitissier, solanine (from Solarium Dvloamara), bented ra a sealed 
tube with ethyho iodide, yields hydnodate of ethylsolanine, from which the base 
[Q2iHSJ(0-H®)NOh according to Moitissior's formula of solanine] is sepiarated by 
ammonia as a mass of interlaced microscopic needles soluble in alcohol. Its salts am 
easily soluble, gummy, and poisonous. In like manner awylio iodide converts solanine 
into amylsolanine, and ethylsolanine into ethyl-amylsolanino. Aceordmg 
to 0 Gmelin, on the other hand, solanine (from potato-shouts) does not form any sub- 
stitution-compound with ethyhe iodide, even when the two aro boated together for along 
time, the resulting resinous mass, when dissolved in water and treated with ammonia, 
yielding nothing but solanine Moitissier found, in his ethylsolanine, 62 2 per cent 
carbon and 8 8 hydrogen, which agrees exactly with Gmohn’s analysis of solanmo itself 

Salts of Solanine. — Solanine forms both acid and neutral salts, all of ■which are 
easily soluble in water The neutral salts have a faint acid reaction, and bitter, 
strongly huimiiig taste , they dissolve easily in alcohol, remaining as gelatinous masses 
on evaporation, and are nearly insolnble in ether The dilute nquoous solutions of 
solaniDo-salts, excepting the acid sulphate, gradually decompose, more quickly when 
heated, and deposit solanine. (Baumann, Arch. Phorm xxxiv. 23. — ^Zwenger 
and Kind ) 

Acetate of solanine cannot be obtained in the solid state -without decomposition 
(Zwenger and Kind) — ^The chromate ciystaUises in dark-yellow needles. — The 
gallate is a soluble amorphous mass. — The gallotannate crystallises in needles, slightly 
soluble in cold, easily in hot water (Baumann ) 

The hydrocUorate, C”H’'N0’“.HC1, is obtained by di&olving the base in alcohol 
and hydrochloric acid, and repeated precipitation with other, as a gelatinous pre- 
cipitate, which dries up to a gummy mass The alcoholic solution of this salt mixed 
■with platiinc chloride, and then with ether, deposits the chloropluUnate, 2C''’H''NO'“. 
2HC1 Pyi'Cl*, as a yellow floecnlent precipitate, which may be pnmflod by repeated 
solution m alcohol and precipitation with ether It is soluble in hot water, still more 
Bohiblo in alcohol. (Zwenger and Kind.) 
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Tile hydroferropyancde ia jirocipitated in wlnto flocka on mixing a aolution of any 
Bolnnine-salt with ferrocyauide of potasaium — -The inellitate is soluble in water, the 
neutral solution depositing solanino when evaporated — ^The imicaU crystalhsea in 
slender easily soluble needles (Baumann, Arch Phai'm. xxxiii. 2S.) 

The oxalate, 2C“H’'N0'“.C*H’0*.H'0, is obtained by evaporating a solution of 
Bolanine in aqueous oxalic acid, in white crystalline crusts mixed with amorphous salt: 
its aqueous aolution deposits solaatne when boiled. It gives off its water at 100°. 
(Zwenger and Kind) 

The plioyohato is obtained by precipitation as a white crystalline powder. — The 
sueanate orystaUises in easily soluble slender needles 

SOXtAKTOXkBZC and SOBANOSTBABIC iLOIDS, See FuTaTO-vaT (ly. 723). 
SOZi&NVIKC, The most important plant belonging to this genus is the potato 
(Solanum iuberoaum, iv. 720). 

Solanum IMcamara. —The stalks of this plant, which are used in medicine nntler 
the name of bitter-sweet, or Sttpiiee Biifimiattrir, contain picrogly cion or dulcn- 
niiirin (iv. 642), together with solanine and other substances. 

Solauum Lyeoperstcmi —The leaves of this plant are said to contain an alkaloid 
soluble in water. The deep red somewhat acid fruits, called love-apples or toma- 
toes, contain a A-ee aeii— malic aetd according to former statements, citric acid 
according to Bertagnini (Jahresb 1800, p 602), probably also solanine, together 
with volatile oil, uncrystallisable sugar, &c (See Enz, Jahresb 1862, p. 614.) 

Various other species of solunum, especially the frmts, ace said to contain solanine 
together with malic acid (?) : eg,, 8 mammotum, 8, luyruin, and 8. 1'eybaeeifohmn 
SOXAB Oil. A name applied in commerce chiefly to the heavier portions of 
petroleum and shale-oil, the lighter portions being called photogen, hydrooarbon, &o. 
(See PABitTW, iv. 346.) 

SOXiFATABAS. Craters of extinct volcanos, which give indications of their 
former activity by still eimtting vapours ond gases of various kinds, sometimes 
depositing sulphur, sal-ammomac, and other soM minerals, on tlie walls of cavities 
ill the craters. 

SOZiFATABITS. The name given by Shepard (SiU. Am. J. xvi. 203) to soda- 
alum, on account of its occurrence in the solfaUra near Naples. 

SOIiTTtriOK'. The liquefaction of a solid or gaseous body by contact with a liquid, 
the solid or gas being diffused uniformly tlirough the liquid, and not separating when 
loft at rest. The liquid, which thus takes up or absorbs a sobd or gas, is called the 
solvent or menstruum, and the product of the action, as well os the action itself, 
IS called a solution. 

The product formed by the union of liquids one with the other is usually called a 
mixture, if the two liquids are capable of uniting in any proportions whatever, as is 
the case with water and alcohol, or alcohol and other, and a solution, when each of 
the liquids is capable of taking up only a limited quantity of the other Whoa two 
such liquids are brought together in suoh proportion that neither can dissolve com- 
pletely in the other, two layers are generally formed, each containing an excess of one of 
the liquids. Tlius, when water and ether are mixed in equal volumes, two layers me 
formed after a while, the upper consisting of ether holding water ia solution, the lower 
of a solution of ether in water. 

The solution of gases in liquids has already been considered under Gases, Ansoup- 
TION OP, ii. 790 ; the present article relates to the solution of solids. 

Bespecting the difference between solution and definite chemical combination, see 
Chbmicai. Appmrax (i, 861), 

The solution of a solid in a liquid is nsuslly attended with a fall of temperature, 
arising from the conversion of sensible into latent heat, which always accompanioa the 
passage of a body from the solid to the liquid state (Heat, m 79) In some cases, 
however, the actual Bolntiou of a solid is preceded by the formation of a doflmte 
chemical compound, and is then attended with ri.se of temperature thus, anhydrous 
baryta or lime, and many anhydrous salts, when brought m contact with a certain 
quantity of water, are first converted into definite hydrates, and become very hot , but 
tbo subsequent solution of those hydrates in a larger quantity of water is attended with 
reduction of temperatnie. 'The solution of one liquid in another takes place without 
change of temperature, excepting when a definite compound is first formed, as on 
mixiiig oil of vitriol with water, in which case heat is evolved. (See Euat, m. 79, 109 , 
also &melin’8 Sa/ndbook, ii. 69. — Favre and Silbermann, Compt rend, xxiv 1081 , 
Jahresb 1847-48, p. 63.— Favre, Compt rend. 1. 1160; lu 316, Jahresb. 1860, 
p. 33— Pobl, J.pr Cbera hsxxn. 264, Jahresb 1860, p. 38. — Han smaiin, Jahresb 
1864, p 97). -^n the depression of temperature consequent on the dilution of saline 
Bobitions, see J. Rognanld (lustit. 1864, p 158, Jahresb. 1864, p. 90). 
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The manner in which the aOiUhility of a solid m a liquid is related to the chemical 
composition of the two, has not yot been reduced to any definite laws. As a general ride, 
it may perhaps he stated that solids dissolve with the greatest facihty in those liquids 
which they most resemble in composition. Thus, mettdhe salts arc for the most part 
more soluble in water than in alcohol or ether ; whereas fets, resins, and many other 
organic bodies, dissolve more easily m alcohol, ether, benaene, oils, &c than in water 
jBut sohda of strictly analogous constitution dissolve in the same liquid with very 
difierent degrees of facihty. Thus, sulphuric aeid forms a great number of salts which 
are soluble in water, and, on the other hand, baryta, hme, and magnesia form soluble 
salts with many acids ; but b^tic sulphate is one of the least soluble salts known, 
and calcic sulphate is hut slightly soluble in water, whereas magnesic sulphate is 
very solnblo. 

The facility with which a solid dissolves in a liquid is not always proportional to 
the amount which the liquid is ultimately capable of dissolving, for it depends in a 
great measure on the physical condition of the solid, and on the manner m which it is 
brought in contact with the liquid. Pulverisation, by increasing the number of points 
of contact, ,of course facilitates solution. If the solid is placed at the bottom of the 
liquid, it dissolves with oomparative slowness, because the solution formed immediately 
around the solid, being heavier than the supernatant liquid, remains at the bottom, and 
protects the solid from the further action of the liquid . the solution will therefore bo 
facilitated by stirring the liquid, or by heatiug it at the bottom, so as to produce 
upward aud downward currents In many cases it is best to suspend the solid m the 
upper part of the liquid in a basket, or perforated box, so that the solution as it forms 
may fiul to the bottom, and enable fresh bqnid to come in contact with the sobd. This 
plan is adopted in many manufacturing operations, as in lixiviating baU-soda, crude 
nitre, borax, ifco. 

Many substances, when immersed in a solvent, absorb a certain quantity of it, and 
are converted into tenacious lumps very difflcult to dissolve, this is espeoially tho case 
with resinous bodies In such oases, it is often advantageous to fiux the body with an 
insoluble substance, such as sand or pouuded glass, to prevent the oatang together, and 
enable the solvent to penetrate more easily to all parts of the sobd 

The solubility of a solid m a liquid increases, for the most part, with rise of 
temperature , and for each particular temperature there is a certain limit, called tho 
point of saturation, beyond which the bquid is incapable of taking up any more 
of tho solid. The rate of increase is very different for different substances, and does not 
appear to bo reducible to any regular law Even the general law of increased 
solubility with rise of temperature admits of many exceptions . thus, lime-water sutu- 
ratod at 0° contains nearly twice as much bme as can be dissolved by the same quantity 
of water at 100°. Caleio sulphate also is more soluble in cold than in boiling water, .ind 
quite insoluble in water at 120°; sodic sulphate is more soluble m water at 33° than 
at other temperatures, either above or below, and has abont the same degree of solubility 
at 0° as at 100°, Many other salts also exhibit a point of maximum solubility at 
some particular temperature, generally above the boiling-pomt of water. (Hbat, ni. 
79) 

A saturated solution of a salt at any paitieular temperature may be obtained, either 
by heating an excess of the salt with water to a' higher degree, and leaving the 
solution to cool to the required temperature, or by immersing an excess of the salt in 
cold water and slowly heating the liquid to the same point 

In the case of salts which, like saltpetre, do not contain water of crystalhsatimi, and 
of many hydrated salts, the saturated solution contains the same quantity of salt, fay 
whichever method it is prepared But when certain hydrated salts— especially tliose 
which, like sodio snlpbateand neutral sodie carbonate, are capable of orystaUisuig with 
more than one proportion of water — are dissolved to saturation in hot water, and tlie 
solutions ore left to cool slowly and quietly m a closed vessel, they often retain, after 
cooling to a certain temperature, a mudi larger quantity of the salt than the same 
quantity of water would be capable of taking up if originally placed m contact with the 
salt at that temperature Such solutions are said to be supersaturated. They 
retain their excess of salt so long as they are left at perfect rest, and not cooltd too 
low, but if stUTed or a^tated, or brought in contact with air contaimng pai-ticles of 
dust, or with a crystal of the same salt, or cooled down to a certain temperature, they 
suddenly deposit the exeesa of saltm erystala, exhihitmgatthe same time a conBideraWo 
rise of temperature This sudden crystaUisation, if not produced by cold, appears to 
depend essentially on contact of the solution witli small solid, perhaps crystalline 
particles ; for it is not produced by passing air previously purified by oil of vitriol 
through the solution, or by agitation with a glass rod previouBly purified from dust 
by Ignition (Lowel, Ann. Ch. Pharm bero. 227; Jahresb. 1860, p. 29i, 1861, 
p. 331 ; 1852, p, 358.— Lieben, 1864, p 322). According to Violette (Compl. 
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rond. Is. 831, 973; Jahresb. 1886, p. 7i) and De Crernez (Compt. rend. lx. 833 ; 
Ixi. 847, Jahresb 1866, pp. 74, 78), the sudden crystallisation is in all cases induced 
only by contact with a crystal of the same salt, possessing the .same form and degree 
of hydration as the crystals which separate out; and ii\ the case of those supersaturated 
solutions which crystolUse suddenly on exposure to the air, it is due to the presence of 
minuto particles of that salt floating in the air. From .m oxpmmeul of Do Gernez, it 
appears that microscopic crystals of sodio sulphate may be obtained by passing air, 
even in the open country, through pure water, aud evaporating tho water on a glass 
plate Joannol (Compt. rend bn. 412, Ixii. 37, Jahresb. 1865. pp 77, 79), how- 
ever, denies the necessity of contact with tho salt actually contained in the solution. 
Ho finds, indeed, that a supersaturated solution of sodie acetate may be made to crys- 
tallise by contact with any solid substance (a piece of paper, for example), aud a solu- 
tion of sodie tartrate by contact with a clean dry glass rod. He attributes the 
phenomenon of supersutiu'ated solutions chiefly to the fact, that the salts m question 
are capable of forming in hot water peeuliar hydrates, which under certain oircum- 
stanoes remain permanent after the solution has cooled to a certain point, but are, for 
the most part, broken up by contact with a solid body, and especially with a particle 
of the dissolved salt. (Bcspeeting supersaturated solutions of sodie carbonate and 
sulphate, see Cabuonatus, i 7 So, and Sotphatus ) 

When two or more salts are dissolved m water, and no new salt separates out by 
double decomposition, the quantity of each held in solution by a given quantity of 
water is generally, hut not always, less than if either salt were dissolved separately 
In this c,ibe the quantities contained lu a saturated solution are the same, whether the 
two salts are dissolved simultaneously m the water, or the water is first saturated 
with the one salt, and then brought in contact with an exoebs of the other, a portion 
of the first salt thou erystalbsing out A satoated solution of common salt shaken up 
with eal-umraoniae takes up a large quantity of the latter, and deposits some of the 
sodie chloride m cubes , a satuiuted solution of sal-ammoniac also takes up common 
salt, and deposits sal-ammomac in dendritic forms When a solution of common salt 
satuiuted at ordiuiniy temperatures ss mixed with a saturated solution of sal-ammoniac, 
a mixture is formed, without change of temperature, which is capable of taking up a 
certain quantity both of common salt and of sal-ammoniao. On wanning the satu- 
rated mixture with common salt, a small quantity is also taken up, and separates out 
again on coobng. If, on the other hand, sal-ammoniac bo added during the warming 
of the mixture, it at first dissolves, forming a clear solution , if a larger quantity 
be added, this also dissolves, hut separates a considerable quantity of common salt ; 
and as the liquid cools, the common salt redissolvcs, and the sal-ammoiuac which had 
been taken up by the hot liquid crystallises out Similar relations are exhibited by 
mixtures of sal-ammoniac aud chloride of potassium, of the latter with chloride of 
sodium or hanum, and apparently also by nitrate of ammonium and nitrate of sodium. 

Many salts dissolve in water to the same amount, whether the water is shaken up 
with an excess of either of them alone, or simultaneously with a second salt , but the 
quantity of this second salt dissolved, is smaller than if the first were not present. 
Thus a saimBted solution of potassic chloride, or nitrate, dissolves only a small quantity 
of potassic sulphate ; and if a saturated solution of the latter he shaken up with either 
of the precedmg salts, a large quantity of potassie sulphate separates out. 

Lastly, a given quantity of water can in some eases dissolve a larger quantity of a 
salt (J), if previously saturated with another salt (£), and at the same time take up an 
additional quantity of the second. In this cose the quantities taken up are different 
according as : 

a A quantity of water saturated with a salt A are shaken up with on excess of 5. 

j8 Water ptevionsly saturated with JB is saturated with A. 

y. The water is shaken up with an excess of the two salts simultaneously. 

For ex.imple, with sal-ammoniac (A) and saltpetre (H), dissolved in water at 1 8|°, 
the following quantities are taken up in the three casea by 100 pta of water; 

Sal-ammoniac . . 37 98 4A33 89^84 

Saltpetre . . . 37 88 30-66 88 62 

In solutions containing three salts, still more complicated roUliona are observed, 
aud in all casea, the effects pioduced are such as indicate the formation of double 
salts, and the division of the acids among the several bases (CitP.jno.VL Afpinitt, i. 863 ; 
Handw d Ghem, li 2“ Aufl. li. [1], 664 — Qmelin's Emnlhonk, ii. 71 ) 

On the questions whether certain salts dissolve in water in the anhydreua or hy- 
drated state, sea Sehiff, Ann Ch Pliarm evil. 293 , Jahresb 1868, p. 37. — ^Wulln er, 
Pogg. Ann cm. 620, ex. 664 ; Jaliresb. 1868, p. 46; 1860, p. 47,— Biidorff, Jahresb. 
1862, p. 22. 
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Oa tlie supposed influence of gravity on the homogeneity of solutione : Gmetin’s 
Eandbook, i HI.— Dehns, Jahresb. 1863. p. 310 — Gale, Jahresb. 1866, p. 209 — 
Lieben, Ann Gh Phaim. ci. 77, Jahresb 1867, p 67. 

On the solubilibes of different salts, and the relationB behveen the strength and 
spoeifio gravity of saline solutions, see MCiehel and Krafft, Ann Ch. Phys [3], 
xli 471 , Jahresb. 1864, p. 296 — ^Kremera, Pogg Ann. Jxxxv 37, 246 , licxivi 376 , 
xcu 497 ; xov 110 ; xevi. 39 , xcvn. 1 , xcix. 26, 68, 436 , eiii. 67 , civ 133 ; Jahresb. 
1852, pp 14, 306 ; 1864, p 294; 1866, p 294, 1866, p. 274. 1867. p. 67, 1868, 
p, 39.— Gerlaoh. Jahresb. 1869, p, 42 — Allnard, Ann. Ch Pharm cxxxm 292; 
Jahresb. 1864, p. 88.— Q. J. Mulder, Jahresb. 1863, p. 92.— Girardin, Jaliresb. 


u salts m aqueous alcohol; A. Girardin, Ann, Ch, 

, 65, p. 64. 

solubility of a substance in a mixture of its different solvents : Girardin, 
Compt rend. xlv. 142; Jahresb. 1862, p. 67. 

On the expansion of sahne solutions. Kramers, Fogg, e 394; cv. 360; cviu. 
115; CXI. 80. oxiv. 41, Jahresb 1867, p 68, 1868, p 41; 1859, p 48; 1860, p, 46 , 

1881, p 60.— Gerlaeh, Jahresb. 1869, p. 46 Sorby, Phil, Mag. [4], xvm. 81; 

Jaliresb. 1859, p 60 

On the boiling-points of saturated solutions. Kremers, Jahresb 1866, p. 276. 

On the tempeiv"^' ■ * ■' ■” ' 

Bubo, Jahresb. ) 

387, 664 , Jahresl 
Jahresb 1866, p. 71 

On the influence of pressure on soluhihty • Sorhy, Proc. Boy. Soc. sii. 638; Phil. 
Mag [4],xxvii 146; Jahresb. 1883, p. 96. 

On the index of refraction of saline solutions . Beer and Kremers, Pogg. Ann, 
Cl. 133; Jahresb 1857, p 691. — Grailioh and Handl, Wien. Akad. Ber. xxv 618; 
Jahresb ibid — Kremers, Pogg. Ann cvi 686. — Pichot, Compt. rend xlviii. 
Ills, Porthomme, Ann Ch Phys. [3], lx. 307. 

On the molecular rotatory power of certain sahne solutions. Arndtaen, Ann. Ch. 
Phys 13], liv 403 , Jahresb, 1868, p. 49 

On the influence of temperaturo on the colour of saline solutions • Glad ston e, Phil 
Mag. [4] XIV 423; Jahresb. 1867, p 71 — Babo, Jahresb. 1867, p. 72— Sohiff, 
Ann Oh. Pharm. cx 203; Jahresb. 1869, p 62. 

On the coloration of sahne solutions at various degrees of dilution. Gladstone, 
Phil. Mag [4] XVI 66; Jahi'esh. 1868, p 47. 

On the inflnence of colonred sahne solutions on the spoctram (ibid ). 

On tile freezing of saline solutions - Dufour, Jahresb. 1860, p. 44. — Pritzache, 
N Petersb Acad, Bull, vi 388, 408; Jahresb. 1863, p. 97.— Eudorff, Pogg Ann. 
oxvi 66, exxii. 337 , Jahresb. 1862, p. 20 , 1864, p. 94 

On the diffusion of saline solutions, see Liquins, Diffosion of, iii. 706. 


SOBIEBViKUTIi. A variety of mellilite from Vesuvius (iii. 8701. 
SOMBSERITE. An earthy mineral, consisting mainly of calcic and altuninie 
phosphates, occurring on some of tho small islands of the Antilles, chiefly on Sombrero. 
It contains, according to Phipson (Chom Soc J. xv. 277, Gheni ^ew.s, ix, 28), 
65 per cant, tncaleic phosphate, 17_alnminic phosphate, and 9 water, besides ealoio 
sulphate, carbonate. See — a composition which may be approximately represented by 
the formula 8(3Ca"0.P*0“).(2Al’0* 8PO*) 20H'‘O. According to Julien, however, 
(Cliem News, ix. 16), it is not of constant composition. 

SOnXKITE. Syn. with Nsphblin, from Somma (iv. 30). 

SOHCRtrs. Sovi-thiitle — A genus of cichoraceous plants, Sonchiis arvmm, 
gathered during flowenng-tirae, yields 86 0 per cent, water, and 1-19 ash; the plant 
also contains a bitter principle, wax, resin, a small quantity of free acid, &o 
S oUraceus yields, at flowermg-time, 90’0 per cent water, and 1 48 ash. Tho ashes of 
the two species were found by 0 Sprengol (J. teehn. Chem, ix, 17 , x. 36) to contain, 
besides alumina and ferric oxide : > 

K=0 NaSO. CaO. MgO. SIO*. SOS psQs Cl. 

S.armnsis . 21 9 13-7 27 0 4-6 8 0 151 8 6 6 0 = 99-9 

S. olwacms . 29 3 IS 6 18 8 1'6 2-8 6 1 16-3 7-4 = 99-9 

SpIfOEA Otritt. A kind of lae produced by the puncture of a coccus in 
Mimosa oenfera, a tree growing m Mexico. It appears to have been long used in 
Mexico as an u-ritant. 


SOOKAlffJBB, The root of Monnda cdrifdia (hi 1048). 
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SOBBAIHCIDB. C'H’K'O = — ^An amide produced by the action of 

dry ammomuTu-carbonate on crude sorbic chloride, or of aqueous ammonia on sorbic 
ether at 120°. It forms white easily fusible needles, soluble in water and in alcohol. 
(Hofmann.) 

SOBBAinXiIDB or Fhenyl-sorha7nide, C“H*(C“H*)NO, is produced by the action 
of aniline on sorbic chloride, as an oil which solidifies in the crystallme form. (Hof- 

SOS.BXC ACIS. C“H»0> = (A. W.Hofmann, Chem. Soc Qu. J. 

xii. 43 ) — A. monobasic acid, produced by isomeric transformation of paiasorbio acid, 
a Tolatilo oily acid obtained from mountain-ash berjies. When the liquid which 
remains after mirtiuUy saturating the jniee of the unripe hemes with millc of lime, is 
left to stand til all the neutral calcic malale is deposited from it (in. 789), and then 
distilled in a copper vessel, ultimately with addition of a httle sulphuric acid, an acid 
dietillatc is obtained, from which, after saturation with sodic carbonate and evapora- 
tion, a brown oil is separated by aulphunc acid , and by dissolving this oil in ether, 
leaving the ether to evaporate, and rccti^ing, a transparent colomdess od is obtamed, 
con isting of pnraaorbio acid, C“H“0^ which when gently heated with solid caustic 
potash, or boded for some time with strong hydrochloric acid, is transformed into 
crystalbsahle sorbic acid, having the same composition 

Sorbic acid is easily purified by rcciystallisation from hot watei' , it dissolves easily 
also in alcohol and other, and cryataUises from a boding mixture of 1 vol, alcohol 
and 2 vols water, in white needles an inch long. It is inodorous, melts at 134 5°, 
volatilises without decomposition, and decomposes carbonates, ’Wiihphosjphonc cMonde 
it yields sorbic chloride, C’H’OCl. Heated with hydrate of barium, it yields a volatilo 
aromatic hydrocarbon, together with earhouato of barium. 

Sorbaie of Ammonium crystallises in long needles its concentrated solution is 
precipitated by cldoride of calcium and by most salts of tlio heavy metals, but not by 
eldoride of barium, strontium, or magnesium.— The potassium- and sodvmi-salts crys- 
tallise with difficulty. — The banum-salt, 0“'E"Ba"0‘, and the caloium-sali, 0‘’H“0a''O^ 
oryslaHise in sdvery scales. — The odver-sedt, C'H’AgO®, is a white crystalline pre- 
cipitate, 

Ethylio Sorbaie or SorMo ether, C‘H’(C®H*)0*, produced by passing hydrocldono 
acid gas into an alcobobe solution of the ncid, or by the action of alcohol on sorbic 
chloride, is a liquid having an aromatic odour, bke that of benzoic ether, and boilmg 
at 196 5°. 

Parasorbio Acid, C“H*0’ — This acid, prepared as above, is when freshly dis- 
tilled, ft transparent colourless liquid, of specific gravity 1 068 at 15° Its vapour, in the 
concentrated state, has a repulsive almost intoxicating odour it is, in fact, the source 
of the peculiar pungent odour which the juice of mouutam-ash berries evolves 
when p-irtiully saturated with lime It boils constantly at 221°, but a portion of it is 
always converted during distillation, oven in a stream of hydrogen, into a yellow 
resiuouB substance It is faintly acid, dissolves in moderate quantity in water, 
forming an acid solution, and in all proportions of alcohol and ether. Its solutions 
in ammonia, motosh, soda, haryta-wator, and lime-water, di'y up to amorphous 
residues, it mssolves in alkaline carbonates, but without cxpelline the carhomo 
acid. — JUitrate of silver added to the ammoniaeal solution forma a v^te gelatinous 
precipitate, C“H’AgO“, which blackens on oipoBure to light. 

SOBBIC CHIiOBIDB. CMonde of Sorbyl, C'H'OCl — ^Produced by the action 
of phosphoric eblovide on sorbic acid or its potasBium-salt. It is converted by water 
into the acid, by alcohol into ethylie sorbate, by ammonia into Borbamide, by 
aniline into phenyl-sorbamide. 

SOBBIC BTBBB. Ethylie Borbate. 

SOBBITABXABlc ACXB. An amd produced by heating sorbite with tartaric 
acid to 100°. (Berthelot.) 

SOBBITE. Sorbin C"H'W (Pelonze, Ann. Ch. Phys [3], xxxv. 292 ) — An 
nnformcntable sugar, isomeric with grape- and milk-sugar, existing in the ripe jmcc of 
luountain-Rsh hemes. The expressed juice of theherriea, gathered towards the end 
of September, produces deposits and vegetations when left to itself for 13 or It 
months, and at last becomes clear again ; and the clear hquid, decanted and evaporated 
to a thick syrup, yields repeated crops of ciystals, which are obtained pure by two 
crystallisations with help of animal charcoal. 

Sorbite forma i cry fine, regular, transparent crystals, which, according to Berthelot, 
belong to the tnmetne system, and are for the most part rhombic octahedrons: 
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Pcc .Poo . with oP , oTPr oP tho angle iPco ■ foo = 38°_49', Pas Poo = 37° 7'. The 
faces between oP and Pco are truncated by mPoo (mPoo ; Poo = 164° 20'). The 
cryst.ilfl have a specific gravity of 1 OtM at 18° , they grate between the teeth, imd are 
as sweet as onne-sugar Optical rotatory power, for the transition-tint = 46 9° at 7°, 
only slightly variable with the temperature, and just as great in a recently prepared 
solution as in one that has been kept. (Berthelot, GArni. organ, li 262 ) 

Sorbite dissolves m about pt cold water , tho saturated solution has a speeiflo 
gravity of 1 372 at 15°. It is insoluble in cold, slightly soluble in boiling alcohol 
Sorbite forms inth chloride of sodium, a compoimd crystaUising m cubes — Aqueous 
sorbite dissolves kydrate oj calcium and hi/drate of banum The solution of the 
former deposits flocks when heated, decomposition occurring at the same time — 
Aqueous sorbite dissolves oxide of lead ; it does not precipitate basic acetate of lead, 
but on addition of ammonia throws down a white precipitate, which, while being 
dried, smells of caramel, and contains 79'4 per cent, lead (Pelouzo). — Aqueous 
sorbite also disaoli es oupno hydrate. 

Sorbite when heated gives otf acid water, and is converted after some time, at 
160° — 180°, into a dark-red mass consisting of sorbitic aoxd (Pcloiizo’s soibio 
acid). When quickly heated on jilathinm-foil, it molts and bums away with a smell 
of caramel Hot mtno amd converts it into oxalic acid (Pelonze). Oxubsiiig 
agents also produce raoomio acid from sorbite (Dessaigncs, Bull Sec. Clnni. 
1861, p, 82). It is not altered when heated with dilute acids , it is coloured reddish- 
yellow by oil of viinol, charred on boating When heated for several hours witli 
fuming hydioeUonc aoid^ it is converted into humous substances in tho same way as 
glucose (p 316). (Berthelot, CAwj organ.h 252) Sorbite, heated to 100° with 
tartario acid, yields a small quantity of a substance belonging to tbo class of 
biiechnrides (p. 316), whose calcium-salt reduces potassio-cupric tartrate (Berthelot) 
It turns brown when lieatod with potash-leg, and evolves a smell of caramd Heated 
with lime, hydrate of banum, or oxide of lead, it behaves in the same w.iy. The 
solution of oupi 10 hydrate m aqueous sorbite, and aqueous solution of sorbite mixed 
■with putassio-ouprw tartrate, deposit cuprous oxide when warmed or left to stand. 
Sorbite IS not fermentable with yeast (Pelouzo), not even after being heated with 
acids, hut when left to stand m contact with cheese and ohaH, at 40°, it suffers a 
denomposition, which gives rise to a large quantity of lactic tioid, alcohol, and bulyrio 
acid, witliout previous fomiation of a fermentable sugar. (B ortholot.) 

SOSBITIC ACIB. Polonze’s Sorbic Aetd — An acid obtained by heating sorbite 
for Boino time to 160° — 180° On dissoUing tho residue (which is insoluble in wnl er, 

aqueous acids, or alcohol), in aqueous ammonia or potash, a davk-brou-u solution is 
obtained, from whieli hydrochloric acid thiws down .amorphous Airk-red flukes, 
these contain, after drying between 120° and 160°, 67 96 per cent. C, 6 61 H, and 
S6'63 0, coiTesponding, accoiding to Pelouze, tvitli the formula Tlieir 

solution tn ammonia-water gives coloured precipitates with metallic salts , with lead- 
salts one containing 51 36 per cent, lead-oxide, C^S'‘0'^ SPbO, according to Pelouze, 
SOKBTTS AtrcuPARIA. S^rus Anctipama. Mauntaincosh. Rowan-tree. 
Sorbier V ogclheirbaum — A pomneeons tree, the unripe berries of which eontnui 

largo quantities of free vegetable acids — ^viz. citric, tartaric, and malic acids , the 
last IS most abundant when the hemes have a rose-red colour , pre'viously to this, the 
tartaric acid predominates, and later in the season the malio acid likewise disappears. 
The jiuca of the berries contains also a iion-fermeutablo sugar, nz sorbite, to- 
gether with foinientiible sugar, for the juice even of unripe berries has been found 
to pass into spent, ineons fermentation, and to yield, from 100 vols , 4 vela of spirit 
containing 60 per cent nlcoliol After the spirit tlmro distils a milky liquid, which, 
after a few days, deposits a small quantity of a stearoptene in small shining ciystids 
(Liebig) Brandy is piepnrod from the jnice of the ripe hemes in tho Tyrol, in 
Horth Germany, and other places. 

The juice likewise contains a puugeiit-sraelliiig oily acid (parasorhic acid, p 362), 
which may bo separated by distillation after the malie acid has been preapitated by 

The flowers of tbo mouiitain-nsb, and the bark of the stem and root, are said to 
yield, by distillation with water, products containing hydrocyanic acid , the bark also 
tannin and a bitter principle (Gossmann ) 

SORBYI,. CH'O The hypothetical radicle of sorbic acid. 
BORBA’WABI.IXB. A mineral resembling pit-eoal in appearance, forming 
three layers in trap near Sordawala in Pinland, and assoeiatiil with magnetic 
pyrites, at Bodeumais in Bavaria. Hardness = 2-6. Specific gravity = 2'5;t — 2 68 
‘VoL V. A. A 
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G-iveS off water when heated, and melts to a block bead before the blowpipe. 
Partially decomposed by acids. Analysed — a. by Nordenskiold (Schw. J. xxxi. 
148) , — h. by Wandesleben (N. Jahrb. Phann. i. 32) • 

pso’’. SIO’. Al^O^. Fo’O®. FcO MgO H»0. 

a. 2'68 49-40 13 80 . . 1817 10 07 4-38 = 99-10 

b. 2-20 47-70 16 66 24-32 . . 10 21 . . = 98-14 

The presonee of phosphoric acid, and the nncei-tainty as to the state of oxidation of 

the iron, render it impossible to reduce these results to a deflnite formula. 

SOB.GHO. Sorghum saeoharatura Holms saccharatus Sugar-sorgho 
Chinese sugarcane Imphee. Kao-hen* — A sugar-prodiioiiig grass, reseni- 
blmg maize in external appearance. It appears to have been first obtained by the 
Jesuit missionary Dn Halde, from the Chinese pi-onnce Le Chiien , the seed was sent 
to France in 1851, where tlie plant -was cultivated, chiefly by Vilmorm and Beauregard, 
and exported in 1854 to the United States, where numerous experiments were made 
with reference to its utility for the manufacture of sugar, aud in agriculture as a 
substitute for the ordinary green-crops Its chemical composition has bean investigated 
by Gossmann and other chemists , but it does not appear certain that aU the experi- 
ments have been made on the same spec'es of plant 
The stem or cane feesd from leaves contains, according to Gossmann, 78-9 per cent 
■water, 10 2 soluble constituents, 8 2 cellulose, 0 4 to 0 6 insoluble salts and cerasin. 
This last IS a waxv substance distributed unequally over the surface of the plant, hut 
most thickly on those parts which are covered by the sheaths of the leaves, when 
mixed -with tallow it is said to make oxceUont candles. By ohanmg the defoliated 
cane, Gossmann obtained 0 71 per cent inorganic constituents. The residue, which was 
alkaline, consisted of calcic and maguesic phosphates, calcic, magnesic, potassio, and 
sodio oaihonalos and chlorides, aud silica , the potash was in larger proportion than 
the soda. 

The leaves, -which contain no sugar, leave when burnt, 2 07 per cent inorganic 
constituents, chiefly consisting of aihca, lime, and magnesia, aud contain 27 per cent 
moisture. 

The ash-constitaents of the entire plant have been determined by J Elwert, The 
plants used in tins investigation belonged to a epocies of sorgho, called broom-corn, 
cultivated in America, and distiiiguiaheil from the Chinese sugar-cane by its longer and 
much-divided pamde. 100 kilogrumcs of the green plant, equivalent to 16-6 lalo- 
grammes of the dry plant, yield 1-379 kilogrammes ash, oonsistmg of — 

K«0. MaSO. CoO Cl. SO». P»05. CO». SPO. X* 

20 3 4 7 21-4 2-2 1-9 8 0 141 16-5 10 5 = 99 6 

Of these there sre soluble in water— 

KSO NaSQ. Cl. SQs PSQS SiQS. 

20 3 4-7 2 2 19 3 4 3 3 

soluble in hydrochloric acid- 21-4 CnO, 141 CO’, 4-6 P’0“; insoluble 13-2 silica, 
and 10-6 sand. 

The juice obtained by pressing the plant tastes very sweet, has a gi-eenish-yellow 
colour, tui-bid appearance, faint acid reaction, and a specific gravity of about 1 07 
(9° to 9J° B.) at 19“. It boils at 101° — 101-6°, and between 60° and 70° begins to 
deposit on albuminous coagulum, without however ohinfying completely, an effect 
which takes place only after prolonged boiling ‘When left to itsolf, at 20° to 
25°, it soon begins to ferment Wlieu evaporated, it leaves— after the albuminous 
constituents have been skimmed off— a transparent, viscid, sweet residue, which 
exliibits no tr.ace of crystals, and, if somewhat unnpe plants have been used, gives Uio 
reactions of starch From perfectly ripe canes Gossmann obtained nothing but 
cane-siigji-, and that to the amount of 9 to 9-56 per cent Aeoordmg to Eeihlen and 
Fehhng, the juice of broom-roi-n, uot quite iipe, contains 4 per cent, cane-sugar, and 
10 per cent uncrystaUisable sugar. Ludersdovff found in the juice of the Ohinese sugar- 
cane, 7 6 per cent sugar, consisting of equal parts of cane-sugar and fruit-sugar , and 
Bei-gemanu foundin it no cane-sugar, but 11 3 per cent, fruit-sugar Hence, and from 
the elaborate experiments of Dr Jackson (Polyt. Conti-albl. neue Folge, xii. 1649), 
it appears that the plant, in its earlier stages of development, contains only grape- 
sugar, together with starch, but when it ripens, all the starch disappears, and 
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notlaing but cane-sugar is present. Of indififerent substances, tbe juice contains mucous 
nitrogenous matters, chlorophyll, gum, and albuminous compounds. The quantity of 
the latter, though not very great, is sufficient to convert the whole of the cane-sugar 
into glucose, and to resolve Sie latter into alcohol and carbonic anhydride. According 
to Lofflor, the juice also contains two peouhar vegetable acids 

Olcott found m the juica IS 2 per cent sugar, 1‘0 salts and organic constituents 
(albumin, vegetable fibre, gum, chlorophyll, &c.), and 83'8 water. The salts were 
found to consist of 0 760 potassio carbonate, acetate, chloride, and sulphate, 0 218 
acid calcic and magnesia phosphates, and 0'012 sdieie hydrate, mixed with feme and 
manganic oxides. 

The ash of the juice contains, according to Glossmann, O-OOIS par cent, silica, together 
with the following constituents soluble in water — 0 219 calcic and magnesia phos- 
phates, with traces of iron ; 0 310 alkali, chiefly potash ; 0-69 sulphuric anhydride, 
0 066 chlorine, and 0‘079 phosphoric auhydnde ( = 0 74-2) The juice probably also 
contains small quantities of oxalic and tartanc acids 

The expressed plants {begasae), which may be used for paper-making, contain, 
according to Olcott, 1'6 per cent ash, consisting of — 

K3SO<. Na=iSOi. C»0. MgO SO^ P'O'. Cl SIOH. X* 

8'10 9 80 11'80 9 30 28 70 14 43 3 70 14 40 0'68 = 100 

The seed of sorgho is yellowish, and yields a white flour, used in Marseilles and 
Lyons for the finer sorts of bread and biscuits It is rich lu starch and fat, and 
contains, according to Olcott, from 10 to 12 per cent, nitrogenous substances, and 60 to 66 
per cent, starch. The seeds boiled vrith 12 to 18 pts. water form a glutinous paste , when 
exhausted with ether, they yield a not mconsidorablo quantity of fat. J7rom 60 to 60 
grammes of the ground seeds Qossmann obtained several grammes of solid fatty acid 

When animals are fed on the seed, their hones gradually acquire a red colour. 

The glumes (floral leaves) and stems of sorgho contain red colounng-juattors, which 
may be used for dyeing silk and wool. 

SPADAITE. A hydrated magnesic silicate occurring, together with wollastonite, 
at Capo di 3ove, near Eome It is amorphous, has a conohoiffivl to splintery fracture, 
bluish-red colour, and slightly waxy micaceous lustre Hardness =2 5. Gives off 
water when heated, and melts before the blowpipe to a glassy enamel Dissolves 
in strong hydrochlorie acid, the sUiea easily gelatinising. Coutams, according to 
V. Kobell (J. pr Chem xxx. 467), 86 00 per cent silica, 0 66 alumina, 30'67 
magnesia, 0 66 ferrous oxide, and 11-34 water (= 99 33), which may be represented, 
approximately, either by 6Mg"0 6pSi0^4H*0 = Mg"Si*0'.4Mg"Si0’.4H*0, or by 
6Mg"0 7SiO'.4ffO =Mg"Si’0‘ 6Mg"SiO> 6H’0. 

SF AlffU AS A. TuqgTuiia — A rosin much used m Northern Sweden for chewing, 
and said to keep the teeth dean and the mouth cool. It eollocts m lumps on the stems 
of pino-treos, and is difficult to separate from the pine-resin, which it resembles It is 
separated from adhering hark by kneading under warm water. 

This ream is brownish without, with a rose-red tinge, yellowish-brown within, 
hflcomea darker and reddish on exposure to the air. It is brittle at orduiaiy tempera- 
tures, and when chewed softens at first, exhibiting a sour and balsamic taste , by 
continued chewing it becomes roso-red and brittle. It contains a small quantity of 
a viscid volatile oil, quite distinct from oil of turpentine, which may be sepaiated 
by distillation with water ; also several resins, and a cvystdlisahlo easily alterable 
acid, winch may bo extracted by water This acid is soluble in alcohol, forms soluble 
salts with the alkalis and alkaline earths, precipitates ferric chloride completely; 
forms a dmgy-green precipitate with euprie acetate, sulphur-yellow with basic acetate 
of lead, oven in dilute solution ; -with the neutral acetate also in concentrated solution ; 
white with nitr.ate of silver. 

The resin, afrer exhaustion with water, dissolves eompletely in alcohol of speeiflc 
gravity 0 84, but not completely in ether, water added to the alcoholic solution throws 
down a powder, which can no longer ho masticated Potash unites with the resin, 
forming with one portion of it, a compound insoluble in excess, with the remainder 
n soluble compound, the latter resin is also soluble in ammonia. (Berlin, Ann. 
Oh. Pharm In. 404 ) 

SFAIflOIiITB, Von Kobell’s name for certain varieties of tetrahodrite contain- 
ing mercury. 

SPANXOXiXXmiST, A nou-azotised eolounng-matter, occurring, according to 
Kano, in small quantity in litmus (iii 731) 

» Ferric oxide, carbonic anhydride, and loss 
AA2 
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SPARXAZTB. Breithnupt’s name for a T.inety of calcapar from New Jorsoj-, 
which, accordmg to Jenzsch (Pogg. Ann. xem 146), has a specific gravity 2 81, 
hardness 3 6, and contains 80 per cent calcic carbonate, together with the carbonates 
of magnesium, nnmganose, iron, and zinc, and 6 3 per cent c.dcio fluoride. 

SPARTAIiZTE. Native oxide of zinc, usually coloiu’od red by admixture of 
manganic oxide. (See Zma) 

BPARTEISTE. C‘“II*“N*. (Stenhonao, Ann Cli Pharm Ixxviii. 16 ; Pharm 
Oraitr 1.S51, p 439, Cbem Gl.iz ix. 117. — Gerhardt, jf/aitr, iv. 236. — E J Mills, 
C'loiti Soc J XV 1 , Gm. xiii 161 ) 

HiUory. — Sparteine was discovered in 1851 by Dr Stenliouse. while uivestigatiiig 
the SpnHmm or Common Broom The formula proposed by Stenhouao 

was subsequently niodifled on theoretical grounds by Gerhardt, but a ro-examinntioii 
by Mills showed that Stenhouso's formula doubled represents the true Composition 
of sparteine 

Prepm ation — ^1 . An aqueous decoction of broom is concentrated to about a tenth of 
its biillf, and set aside in a cool place for twelve hours , and the gelatinous mass which 
tomis is thrown on a filter, and washed with cold water. The solutions contain the 
sparteine, while scoparin in an impure state reimuns on the filter Tho filtriite 
IS distilled with excess of soda, when a coloiuloss basic oil slowly collects at the bottom 
of the aqueous liquid in the receiver (Stenliouse ) 

■ 2. The pl.iiit IS exhausted with water flimtly acidulated with sulphuric acid, the 
extract, ooncentr.ited by ovapoi.ition, is distilled with soda until the distil^te has no 
longer a hitter taste or aUiuline reaction , tho distillate, iioidified by liydroohlorio acid, 
IB evaporated to dryuess on a water-b,itli , and the mass, slightly moistened, is then 
distilled with solid hydiMto of potassium rimmoma is then given off, followed hy 
tho base m the form of a thick oil. The base is ilehydrated by gentle heating with 
sodium in a current of dry hydrogen Wlien completely dry, tho sodium romannug is 
removed, and the base is finally purified by rectification. (Mills ) 

Piope)tu’S , — Sparteine is a colourless, transp.irent, Tiscid od. Its speoiflo gravity 
does not appear to have been determined, but it is heavier than water It has a peciili.u' 
odour, which is more unpleasant after rectification. It has a very hitter taste It boils 
at 288° (The high boihiig-pomt suggests the idea of its being a diamine) It 
neutralises acids, but the salts formed crystalUse with difficulty It i.s a ii.ucotio 
poison of the nicotine character, but inferior in energy. One drop dissolved in acetic 
acid, and administered to a rabbit, first produces excitement , but this is followed by 
stupor, lasting for five or six hours Four grams are sufficient to kill a large rabbit 
It readily forms double suits with the chlorides of tho heavy met.als. 

Spartome dissolves sparingly m water, but may be aepai'ated by adding chloride of 
aodnim to the solution. Most of its physical properties, including its vapour-density, 
have yet to ho determined. 

Decmnpoetitojis — 1 Spavteiiio becomes brown on exposure to the air for a few days at 
ordinary temperatures, and more rapidly while boiling — 2. Boiled with hydrocfilono 
and, it IS decomposed, yielding a solution haying an odour of mice (Stenhouao) 
On the other hand. Mills concentrates weak solutions of sparteine by saturating with 
liyiroclihue and,, and evaporating to diyness on the water-bath — 3. Nitric and, 
decomposes sparteine, yielding a substance which, when ti'uatod with Monde of lime, 
uffoids olilorupicnn — 4 Bromine converts spartcano into a brown resmoiis substance, 
much heat being developed during tho reaction 

Salts of Sparteine tho Monde, bromide, and ioiliifs are amorphous and unfit 

for analysis (Mills ) 

The oxalate forma acicular crystals, which are difficult to obtain 

GklnroplaUnate, C'^H^N' 2HCl.Pt'’CD 2ff 0. — ^This salt precipitates as a yellow 
cryatalhnc powder when a solution of totraehlondo of platinum is added to a solution of 
sparteine m hydrochlono add It crystallises readily from a solution in hot hydr'o- 
ohloric acid. 

Cklnroaunde, C'‘’H®'N’.2HC1 Au"'Cl“. — Sparteine also forms double salts ivith iodide 
and chloride of zinc. 

Substitution-derivatives of Sparteine. 

Iodide of Ethylsparteine, [C'‘H«(G“II‘)N=]' P —Equal volumes of sparteine, alcohol, 
and iodide of ethyl are to be heated together in scaled tubes for an hour to 100°. The 
mixture becomes dork-coloured, and deposits the ethylated compound m crystals. They 
are sparingly soluble m cold, readily m hot alcohol, and excessively soluble in hot 
water (Mills). Oxide of silver tiaiisfomis the iodide of ethylsparteine into the 
hydrated oxide, [C'‘H«(C“H»jN»] | q, (jviills.) 
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Hydiate of etliylsparteine, on Ireatmtait ■with alcohol and iodide of ethyl, in sealed 
tubes, yields iodi'de of diethylspaiteine, [C«H“(C^H‘')Wn". (Mills.) 

Conatitutwn of SpaHeme — It appears from tho above researclies that sparteme is a 
tertiary diammo, having the foimula but, aa ■with ao many of the natural 

alkaloids and aiso of those formed by deatructiTe, distillation, nothing definite la 
known of tho hydrocarbon group which replacea the hydrogen in tho typical 
ammonia. C. G. W. 

SPARTIUM. A genus of plants belong to tho papilionaceous group of the 
Icgiiniinoiis order. Sp. monoapermum is said, by Lorenzo and Moreno (J. Chini. 
mod ix 7-17), to yield a erystaUme substance, spartiin, analogous to saliein, 

Tho common broom {Sparimm seopanum, L , (jytims scopamis, Link) has been 
examined by several chemists. Cadot(J.Pharm. x. 432) found in the flowers a volatile 
oil, fat, a light-yellow coloiuing-matter, and a peculiar substance soluble in -water 
and alcohol, and ha-nng the taste and smell of tlio plant, Eeinsoh (Jahrb pr Pharm. 
xii 141 ) found, in the flowers and green parts of the plant, a owstaUisahle bitter principle. 
Stenhouae (Phil. Trans. 1851, p 422) obtained from the plant a crystalline colouring- 
matter, bcopann (p 208), and avolatile base, sparteine, both those substances are 
most abimdint in plants which have grotm in sunny situations. According to 
C Sprengel (J. teehn. Chem v. 129), 100 pts of the greon plant yield 0-615 pt, of 
ash free fram carbonic acid, and eonUiniiig 27-6 per cent, potash, 1-0 soda, 24 1 lime, 
4 2 magnesia, 13 0 alumina, 6 7 feme oxide, 0 7 mangauio oxide, 9-7 ailicft, 1 4 ohlorine, 
0 1 aiilphurie anhydride, and 12 3 phosphoric anhydride. 

The loot of‘tha common broom has, according to Eemsch, a decided hquorico-taste, 
■with irritating after-tasto.’ 

SPEAR PYRITES, Syii. with Mahoasite (ni 402) 

SPECIFIC ORAVITY. By this term is understood the weight of a body as 
compared with that of an equal volume of another body .issumed as a standard. It is, 
of course, necessary that the standard shall be readily obtainable in a pure state , 
distiUed water is therefore employed for sobds and hquide, and atmospheric air for 
.ISOS and vapours In certain scientific investigations it is not niifrequont to use 
ydiogen as tlie unit of density for gasea and vapours In this case it is usual to 
make the experimental comparison -with air, and subsequently reduce it to that of 
hydrogen by calculation. 

As tho volumes of solids, liquids, and gases are a-fibeted by heat, it is absolutely 
necessary to ptifoim ths operations nt known temperatnres. It is usual in this countiy 
to make tho experiment at 60° F (= 15 5° 0.) in the cases of solids and liquids , and 
■with gases, to make the experiment at the temperature of the ygO, 

air at the tune, and reduce tho observed volume, by calculation, 
to the temperature of 15 5° With vapours the experiment must 
be made at a temperature sufficiently elevated to ensure tbeir 
obeying, -within certain hmits, the laws of permanent gases 
The atandai'd temperature m France is usually 0° for gases, and 
4° (tho point of maximum density of water) for solids and liquids. 

We shall consider the methods of determining the specific 
gra-nties of sobds, liquids, vapours and gases under separate 

Speoieto Gbavixies oe Solids. 

To determine the specific gravity of a sohd, it is only 
necessary, in addition to its weight, to Iniow that of an eqim 
bulk of water. The method to be selected wiE depend upon tho 
chemical and physical characters of the suhstancc. We shall 
consider the following instances, which include all those which 
are likely to occur even in the investigation of the most tronble- 
Bome organic substances — 

1 Tim substance is soM, heamer than water, and insoluble in 
that liquid 

2. The substance is solid, and insoluble m, but lighter than, 
water. 

3. The substance is sohd, heavier than water, but in frag- 

4. The substance is solid, heavier than water, but soluble in it. 

5. Ths substance is solid, but soluble in and lighter m water. 
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1. Tha substance w solid, heavier than viator, and insoluble lU that liquid, 
a. By the JHydrostatio Balance — ^Tha most usual and generally apphcaWe metbod ia 
by the use of a hydrostatic balance. The substance is tot to be weighed accurately, 
m the usual manner. It is then to bo attached by a slip-Iuiot to a horsehair, and 


, ^ exactly tli_ _ _ 

volume of water equal to that of the substance In other words, a body immersed 
in water not only displaces its own volume, but also loses a portion of its weight 
exactly equal to that of the water displaced. If the arms of the balnnoe are equal 
ill length, it will only be necessary to place weights in the short pan until the equili- 
brium IS restored, to get all the data necessary to enable the speoiflc gravity to be 
computed. If the arms are unequal in length, it wiU he necessary to adjust the 
weights in the other pan until the substance la counterpoised. To calculate the 
density, it is only nocossary to dmda tihe weight in air by the loss of weight m water. 
Great care must be taken during the opeiatiou that the substance is always sur- 
„ rounded by water, that it does not touch the sides of the vessel, and 

Dig. loi. that no air-bubbles adhere to It. 

b. By Nicholson’s Hydrometer. See Htdbometeb (iii 2H). 

0. By the Mask — A flask with a wide mouth and hollow stopper, 
enlarged at its upper extremity, and having a mark at a {Jig 161), is 
to he flUed to the mark with water, and its weight is to be ascertained. 
The level of the liquid can easily be regulated by the aid of a smell roll 
of flltonng-paper. The stopper having been removed, the substance, 
the weight of which is known, is to bo dropped in The stopper is 
then to bo replaced, care being taken that no air-huhbles either adhere 
to the substaiico, or he between the stopper and the water , the level of 
i tJio water having been again adjusted to the inaik, the weight is to be 
I ascertained. To calculate the result, we must add the weight of the 
’ subbtance to the weight of the flask of water, and from the number so 
obtained deduct the weight of the flask, &o , as ohtamed after inserting 
the substance. The difference will he the weight of a quantity of 
ir equal in bulk to the substance It is then only necessary to divide the onginal 
weight of the substance by the number so obtained. 

d Brooess by measuring the volume of the substance . — ^The substance is to be weighed 
in air, and then dropped into a graduated tube {fig 752), flUed to the zero of the scale 
with water. The graduations indicate grains (or 
Fig. 162. . grammes) of water It is evident, therefore, tW 

when the substance is inserted, the liquid wiE 

' ' rise in the tube, and indicate at once the weight 

of a bulk of water equal to that of the substance. 
It IS, therefore, only necessary to divide the 
weight in au- by the weight of an equal volume of 
water, as indicated by the instrument, to ohtam 
an approximation to the speraflo gravity 
2, The siibatance u solid, and insoluble vn, 
but lighten' than water. 

a. The solution of this problem is excessively 
eimple. Only three data are required, namely: 
the weight in air of the light substance = P , 
the weight in water of a piece of lead, Or other 
heavy substance auffioieut to sink it, == P’ ; and 
the weight in water of the bght substance, and 
the lead attached to each other, = P". 'We 
have then the density D by the foEowing 




“ F - P" + P 

Or, in words, deduct from the weight of the 
heavy suhstance, in water, the weight, m water, 
of the light and heavy substance attached, add 
to the remainder the weight of the light sub- 
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J The proopss by tbe flust is also applicable to this case. A vessel capable of being 
closed by a stopper being taien and weighed full of water, the light substance, if its 
phybiciil condition permit, may be inserted after weighing , a quantity of water, equal 
111 buUc to the substance, will then overflow ; on replacing the stopper, and re-weighing, 
all the necessary data wiU he ohtained, the calculation being -inade as in 1 o. 

3 The aubstanoe u solid, heavier than water, but m fragments. 

The process by the flask is especially applicable to this case. The operation and cal- 
culation are precisely as in I c. 


4. The substance is sahd, heavier than water, hut soluble in it. 

It is sometimes possible to varnish it very thinly, so as to prevent the access of the 
water, and to determme the specific gravity by the process la. A sanous error may, 
however, creep m if the varnieh should penetrate any interstices in the substance. It 
is, therefore, in every way preferable to use tho method 1 a, substituting for the water 
a hquid in which the substance is insoluble, making in the calculation a correction for 
tile deneity of the liqini Oil of turpentine, or benzene, will answer for most oases of 
this kind. 

The calculation, which is extremely simple, is as follows — From the weight of the 
substance m air, deduct the weight in the b^d , this gives tho weight of a volume 
of the liquid equal to that of the substance. Then, to obtain tho weight of a bulk of 
watei' equal to that of the substance, we saji’ As the specific gravity of the liquid, is to 
tho specific gravity of water, so is the weight of a bulk of the liqmd equal to that of 
the substance, to the weight of a bulk of water equal to that of the substance The 
weight in am of the substance is then to be divided by the latter number Or, more 
simply, calling tbe weight of tho suhsUnce in airP, und tho weight in the liquid F, the 
weight of a bulk of the hquid equal to that of the substance wiU be P — F = P” , 
and oalliae the density of the liquid S, and that of the water S', wo obtain the weight 
F" of a volume of water equal to that of the substance by tho expression • 



The density D of the substance therefore becomes . 

D- 4 


The operation may also be made by the flask, a correction for the density of the liquid 
used being introduced into the calculation. 


6. The substanoe is solid, but soluble in and lighter than water. 

The process by the flask is specially adapted to this comparatively rare case. 
Benzene or turpentine is to be substituted for water, and the experiment is to bo 
conducted as in 1 o. To obtam tho weight of a bulk of watei' equal to that of the 
substance, we say : As the speafle gravity of tho hqmd is to the weight of the liquid dis- 
placed, so is the speoifio gravity of water to the weight of a bulk of water equal to that 
of tho substance. The weight of the substance m air divided by the latter number, of 
course gives the density required. 

Srnomo Giuvirnis op Liaunis. 

a. By the Hydrometer. See Htdeometbb (hi 206). 

h. By the Spetnfia Gravity bottle — The specific gravities of liquids may, for ordinary 
purposes, be determined by means of the common specific gravity bottle (fg 763) 
As ordinarily constructed by instmment-makeis, it consists of a ffxg 753 
very tlim glass flask, having n hollow stopper made from ther- 
mometer tube, oarefuLly fitted by gnnding It is so constructed 
that, with the stopper in its place before adjustment, it bolds alittle 
loss than 1000 grains of water Enough of the under-surface of the 
stopper is then removed by grinding to allow of the bottle holding 
exactly that quantity at a temperature of 16 8° ■= 60° F. A 
eounterpoisa isolsosuppliedhavmg exactly the weightof the bottle 
By this arrangement spoeiflo gravities may he readily ohtained 
without calculation. H the bottle holds 1000 grams of water, it 
will hold 1850 grains of monohydrated sulphuneaoid, 860 grams 
of benzene, &e., these numbers at once exprossing the ratios of the 
densities. 

It IS evidout that the adjustment of tho bottle to a capacity of 
1000 grains of water has no advantage except that of saving the necessity of a very 
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bhort oalcniatioa. Such a piece of apparatus has diaadvautagoa ■which far wore than 
countei'balancB ao alight a eouvcmeuca In the first place, it reqiiirea a quantity of 
liquid, which 18 often more than is at the disposal of ths operator In the next place, 
it has the serious drawback that, if the temperature of the balance-case ho higher than 
that of the liquid, expansion of the latter takes place, and it rises in the tube and 
escapes down tho sides of the flask If, on the other hand, the temperature of tho 
balance-case bo lower, contraction ensues, and a void space is formed below tho 
stopper, which cannot always ho easily filled up. Moreover, volatile liquids escape by the 
aperture, rendering exact weighing excessively difficult. It would also ho impossible, 
in such an apparatus, to detormme tho density of a liquid at a standard tomperntiu'o 
either above or below that of the air at tho time of making the experiment 

iVll tho ahovo objoetions are ohwatod by the use of tho flask shown in Jiff 754 It 
IS ossonti.aUy the same as that described in treating of the method of determining the 
specific gravities of solids by tho flask, but furnished with a light well- 
' fitting stopper havmg no aperture 

If it be required to determine the density of a very volatile liquid at 
(say) 4°, it is only necessary to fill the flask, a little above tho mark 
a, first with pure distilled water, and subsequently mth the liquid to 
he examined After filling, it -will be necossaiy, both with water 
and with the liquid, to keep tho flask in a bath cooled to 4°, until 
the required temperature is obtained, the level at a may then be 
a'ljusted by tho aid of a piece of filtoring-paper. The stopper having 
boon inserted, the apparatus is to be allowed to acquire the temperature 
of tlie laboratory, so as to prevent errors in weighing, which might 
arise from the deposition of moisture. Tho only effect, as regards the 
liquid, -will ho its rise in the tube, its osoapo being impossible owing to 
the enlargement Volatilisation is also provided against by tho 
stopper. 

If, on tho other hand, the determination is to be effected at a tem- 
perature above that of the atniosphoro, tho level is to bo ad^iusted at 
the proper moment, and the apparatus may then ho allowed to cool. 
Tho liquid TviU then descend in the tube at a , but no source of error is introchicod if 
the stopper he removed tor an instant to allow of tho ingress of a proportional volume 
of Hir, and oven this precniition is uiiiiecessnry save in refined experiments 

When the quantity ot hqiiid to be operated upon is very small, a vessel of the above 
form, but of sufficiently small size, may easily be constructed at the blowpipe-lamp 
Of course the flask will then ho only lu one piece ; and if the liquid under examination 
be volatile, a small cork can be inserted, because, as the fluid is only allowed to rise to 
the mark on the neck, there will be no fear of errors arising from contact, and conse- 
quent absorption or chemical action 

Another method of determining the .specific gravities of liquids, consists in weighing 
‘ a piece of glass or platinum, first m water, and then in tho liquid , tile wcigiils of equal 
volumes of the two liquids can tlins be obtained inth aeciiraey, oven when working 
upon comparatively small quantities It is not often, however, that this method 
possesses any great advantages over tlio others previously described. 

For general considerations on specific gravity, as connected intb atomic volume, see 
tlio article Atomic Volume (i 440). 

SpEcmc GKiviTiES OP Gases. 

Tho determination of tho speeifle gra-vity of a gas, so emiiienfly simple in tlieory, is 
ill practice an operation of tho greatest delie.iey. It is easy enough to obtain moderate 
accuracy, but results worthy to bo depended on can only bo procured by taking a 
immber of minute precautions — 1 In the fii'st place, it is important that the balloons 
in which tho gases are to bo woigliod should ha of such capacity that any minute 
error in weighing (such as a doei-milligramiuo) shall hoar but a very small propoitiou 
to the weight, of the gas, even if tho latter bo hydrogen itself — 2 Great care must bp 
taken that the film of moisture which deposits upon tho glass of tho balloon is the 
same in weight when weighing the gas that it was alien weighing the air Tliis is a 
point of groat difficulty, and its neglect may give rise to serious errors — 3 The iibsohite 
dryness of the gas anil tho mr, with the weight of an equal volume of winch it is to bo 
compared, mustalso ho ensimed — 4. The lemperature must be moat caiefully noted, and 
should he as nearly as possible the same during all the weighings, so as to avoid correc- 
tions — 6. A similar remark applies to the pressure of tho atmosphere, and consequently 
to tho elastic force of the gas. — 6. Tlie hnlanee should lio of such delicacy lhat the errors 
of weighing have no appioeiable mfluence upon tlie result. — 7 Every pos.sibl6 e.are must 
bo taken that the air and gas are absohitoly pure. 
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T)iere are three principal eases, which occur in laboratory practice, in winch it 
becomes necessary to clotcrmine gaseous densities . — 1. In tho first, it is merely 
necessary to ascertain the specific gravity of a gas produced in a reaction, with a new 
to controlling or ascertaining its atomic weight — 2. It is often required to deternime the 
sperific gravity of coal-gas for technical puiposes. — 3 It is sometimes required to 
determine the specific gianty of a gas with every precaution, so as, in fact, to obtain 
a btandiu’d result In the first and second cases, tho process of Bunsen is unquestion- 
ably the best to be employed ; in the third, it would bo proper to use that of Eegnaiilt 
Wo shall consider both of these methods, premising that for minute details it will ho 
proper to consult the onginal works (Bunsen’s Gammetry, translated by Eoscoo. 
Walton audMttberly — Eegnault, lielationdesexpirienceseiitTeprviesparordiodcM.le 
ihnut>e des travaux puhiics, el aur la propoadion de la Cummiaaion Cenirale des 
Machtnes d vapmr, pour dilertraner lea prinavpalea tois el lea donneea numenqms qui 
enlrcnl dana le oalcul dea Machtnes it vapour. Mbnoiica de VAcadbmw Boyale des 
Sciences de Vlnalitut de Branoe. — ^Also Jamin, Coura de Physiguc, ii 166 ) 

Bunsen's Meihod. 

Bor the purpose of determining the epeeific gravity of a gas, Bunsen employs a light 
glass flask {jiy. 766), of 200 or 300 eubio coutimetros capacity, with a long narrow 


%. 766. 



nock, having a millimetre scale etched upon it. It is fnmishod with an aceuratoly- 
iitting glass stopper The itpertme of the neck is only about tho thickness of a 
straw. Before filling tho flask with gas, a small piece of fimed chloiide of calcium 
is dropped in, and made to crystallise on tho side of the flask, hy allowing a drop 
of water to come iii contact mth it, and then warming the glass until it has dis- 
solved On cooling it will crystallise. This is to enable the gas to he dned in 
the flask itself The flask is to be filled with mercury by the aid of a small fniinel 
reaching to the bottom. It is then to be inverted in tho mercurial troiigli, 
A A The gas, saturated with moisture, but otherwise in a sfcite of purity, is 
then to be allowed to enter the flask It is not, however, to be qmte filled, 
but tlio entry of gas is to be so regulated, that the mercury in tho neck shall re- 
iiiaiu a few miUimetrea above that in the trough. The whole is then to be allowed 
to remain until tlie gas lias acquired tho temporaturo (1) of the laboratory, at the atmo- 
spheric pressure P The volume F of tho gas, aud the height p of llie moicury in the 
flask above that in the trough, aro then to be observed through the tolescopo of tho 
oathotoraeter The actual volume of the gas at I aud P is iouud by eonsiiltuig a pro- 
Tioiisly prepared table, ludicating the cap.icity of the flask at each of the miUimeti'o 
marks on the neck. Calling the observed volume so obtained Fi, the volume at 
0° C. and 760 min. pressme, becomes — ■ 

F = - P) 

760 (1 + 0-00367 t)’ 

Tho flask is then to bo weighed, to obtain tho weight of the corrected voliimo F,. 
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It is necessary, in order to do this without bringing the hands in contact with the flash 
(which, by warning it, would alter the volume), to make use of the lever apparatus 
represented in the en^aving at of At the end, /, a hollow cork is fastened contam- 
ing the stopper, but it is so placed that while ite superior extremity enters the flask 
for a short distance, it does not close it, beeaiiso the wedge d, by raising the end c. 
keeps the end / depressed When, therefore, the flask is to bo closed, proparatoiy to 
the weighing, the wedge d is to be taken away, and tlio finger-plate c, being pressed 


736. 



upon the stopper, enters and closes the flask. 
iV pin c IS then to be withdrawn, and the 
flask, along with the lever c /, removed from 
the trough The lever apparatus can then 
be detached from the stopper, so as to allow 
of the flask being placed on the pan of the 
balance. Previous to the weighing, it is 
necessary to clean the extremity of the flask 
with the most scrupulous earo. It is to be 
allowed to repose on the balance until it has 
had time to attain the temperature tj of the 
balance-ease at the pressure Pj; it may then 
bo weighed The number so obtained we 
shall c.iU. Q. The glass stopper having been 
removed, it is to be replaced by the drying- 
tube h (fig. 760). It IS then necessary to put 
the apparatus nnder the bell-glass of an air- 
pump, and exhaust and readmit the air 
until all the gas has been replaced hy it 
The stopper is again to he inserted after 
removal of tho diying-tiibe, and the flask is 
to bo rawoighed. This weight is called ffj. 
The weight (r, of the volume of gas Va 
measured in the flask becomes . 


El Pi 

773 X 760 X (1 + 0'00367ti) ' 


The number 773 is the volume in cubic centimetres of a gramme of dry air at 0°, 
and under a pressure of 760 mihimctros in tho latitude of Bonin, 

The speofle gravity (B) may then he found from tho expression 


Por a method of determining the specific gravity of a gas, by ascertaining the time 
of its effusion, as compared with the time of effiisiua of air, the reader is referred to 
Bunsen's work above mtad. 


Eegnatdit Method. 

Eegnanlt, in his magnificent work on the steam-engine above cited, gives an 
elaborate account of the methods employed by him to determine, with the utmost 
possible accuracy, the specific gravities of tho more important gases. These methods 
are, however, far too complex, and reijuire too elaborate apparatus to bo employed iii 
the lahoratoiy, when, as m ninety-nine cases out of a hundred, the object in view 
It simply to confirm the formula of a gas which is under investigation The process 
is nevortholess so periiict. and tho results so trustworthy, that it would be highly 
improper to omit a condensed account of it 

Itegnaidt uses Urge balloons capable of holding ten litres The balance, wbenloaded 
with a kilogramme in each pan, indicates readily half a milligramme. In order to do 
away with numeroua uneertam corrections, arising from variations in the temperature, 
jiressnro, and hygrometnc state of the air, the balloon in which the guses are weighed 
is coimterpoised by another balloon of equal bulk, the same knid of glass, and 
of nearly equal weight In order to determine the volume of air displaced by the 
balloon in which tlie gasee are to be weighed, it is to be filled with water, and then 
wc'ghod in water of the same temporatme. The balloon is then to be removed 
and weighed, after wiping, upon a strong balance. It is plain that the difference 
between the two weighings is the same ae the weight of water displaced by the 
external volume of tho balloon It is then necessary to obtain a counterpoise of 
precisely similiir external volume, or, in other words, which displaces the same volume 
of air Bor this puiqioBB a balloon is selected a little smaller than the first, 
including its stopcock The latter is raoiely closed with a cap ending m a hook, per- 
mitting it to be suspended from the li.ilnnee-pan Its volume is then ascertnuied, and if 
less than that of tho balloon in uluch the gases are weighed, a tube closed at each end, 
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The stopcocks ara than to ke so tamed as to place the halloon, A, in eommnrncafion 
with the au-pump only, and the latter is to be worked until as perfect a Taeiuim as 
possible IS obtained. The gas is then allowed to enter from the reeewer B but slow ly, 
so as to ensure its complete desiccation on passing through the tubes TT. These 
tubes may be charged with pumice moistened with sidphiu'ieaoid, or with fragments of 
chlondo of ealcinui, or with pieces of hydrate of potassium, according to the nature of 
the gas. Lest any trace of oir should romaiii lu the balloon, the osnuustion and ro- 
fllUng are to bo repeated until it is certain that nothing but tUe pure gas is contained 
in It. Before filling the exhausted globe for the last time, the sheet-iron 0.186 repre- 
souted m the engraving is to be eliurged with fragments of ice , the taps N, M, and C 
then being turned, tho gas is allowed to enter. When the globe is full, the tap N is to 
be closed. Tho tube at P not having .is yet been slipped 011 , a momeutoiy communi- 
cation may bo made with the atmosphere by rapidly opening and closing N The 
elastic force of the gas may therefore he known by mere inspection of the barometer. 
Tlie cook N being finally closed, and tho system of tubes, &c discouneeted, the balloon 
18 to be carefiilly wiped w'lth a cloth sufficiently d.imp to prevent olectrioal excitation, 
which would cause serious errors in tho weighing The globe is then to be suspended 
on the balance, and after two hours’ repose is to be weighed. This delay is impera- 
Fiff 769. live, because so large a volume of gas does not immediately 

acquire the temperatiu-o of tho balance-ease Moreover, as 
long as the air of the balance-case and tho balloon ere of 
different temperatures, currents are liable to form, which 
would interfere with tlie weighings , finally, the delay 
allows the normal amount of moisture to oondsnse on the 
balloon As soon as weighings, taken at intervals of a few 
minutes, lire perfectly constant, the balloon is to be leplaced 
in the case, and again surrounded with ice Tho gas is then 
to be removed by tho pump precisely ns before. In order 
to ascertain the elastic force of the residual gas, the tube 
connected with tho manometer B is to ho attached at P. 
The tube must, of comae, be prevented from eollapaing by a 
spiral of wire contamod in it, or it may be made of lead 
The barometi'ic manometer is seen in section on a larger 
scale ill Jiff 769, The tube A B is merely a barometer of 
20 mm. interior diameter. Tho cistern m which it is in- 
verted IS divided into two imvts by means of the diaphragm 
mi The tube CD 13 a glass tube of similar diameter 
to AB, but coiitiucted at the top to allow of tho attach- 
ment of the leaden tube ai The pressure of the atmo- 
sphere m ly at any time bo aaeortained by potmng in mer- 
cury until it stands above the diaplmigm, and, after 
loweviug tho screw V until its lower extremity just touches 
tho mercury, meiisiuing, by means of the cathotomoter, the 
distance between the upper part of the screw and the level 
of tho mercury in the tube. By adding the previously 
ascertained length of tho screw to the result of the eatheto- 
metoo meastu'ement, the length of a column of mercury 
balancing the atmospheric pressui'e is accurately ob 

Tho gas having been finally removed from the balloon, a 
communication is to be established between the latter and 
the tube CD, in tho manner mdicutecl in Jiff 759 Tho dif- 
ference in level between the two tubes having been care- 
fully measured by means of the cathotometer, tho elastic 
force of the gas remaining ni tho balloon is at once ob- 
tained. The thermometer T indicates the temperature at 
the time Tho clastic force of tho residual gas having 
been ascertained, the tap is to be closed, the connecting 
tube removed, and after iviping, &e,, with the same 
precautions as before, the balloon is to bo weighed. The 
difference between the weighings (P—p) gives the weight 
of the gas which at 0° fills the balloon at the atmospheric 
pressure H, diminished by Die elastic force h, of the residual 
gas. The weight of tho gas at the normal temperatme and 
presBUre then becomes- 
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SpBOIFIO G-RAyiTIES OP VaPOTOS, OE ViPOTIB-DHNamBS. 

The datenniriation of the vapour-density of a substance being the most severe check 
that can be obtained on the results of analysis, it necessarily becomes a process of 
constant occurrence m laboratories of research. All substances that volatibse mthout 
decomposition, at temperatures that can be aeeuratoly measured, can h.ive their atomic 
weights determined in this manner, but the process to be employed wdl depend upon 
a number of variable conditions. 

It is not intended m this artido to describe all th© processes which have been 
devised at various times to meet special cases, hut it will be proper to consider 
those which have been found of general appheahility and sufficient accuracy. 

There are certain precautions which must ho observed in all cases where the 
vapoui'-deiisily of a substance is to he determined ; these will he described in the first 
instance 

General mecautions to he observed ‘premovs to delmtvinwg Vapowr-densities, — 1. Itis 
essential that the substance bo entirely volatile without decomposition It some- 
times happens that the substance, although possessing this first and most essential 
quality, is iiovertbelesB so re.idily osidisablo, that it cannot be distilled in a vessel 
oontaimiig air or oxygen without forming oxidised products, which aro comparatively 
fixed It IS easy in most cases to overcome this difficulty, by fiillmg the balloon with 
hydrogen previous to employing the method of Dumas, presently to be described. It 
even happens, at times, that the substance is (hke isoprene]), so readily oxidisable at 
ordinary temperatures, that, oven when the vapom’-density is determined by a process 
wluoh does not allow of its coming m contact with air or oxygen at a high tempera- 
ture, a portion of the substaneo is unable to assume tho gaseous form. This may 
generally bo avoided by preparing the substance only a short time before tho 
operation, or by rectifying it over sodium immediately previous to inserting it into 
the bulb or tube, presently to be desci'ibcd. 

2. It is very important that the substance shall he eiithely free from bodies of higher 
or lower boibng-point In the first case, the density will generally come out too high, 
and in the second too low If, therefore, the substance to be experimented on be one of 
an homologous series, and be contaminated with any of its congeners, it is absolutely 
necessary that it be subjected to au elaborate factional distillation, or other method of 
purification, before being examined. 

3. The substance must ho perfectly dry It is obvious that the presence of 
comparatively small portions of water will lower the density of most organic vapours 
to an extent sufficient to destroy all confidence in tho result as a moans of checking a 
formula 

There are a few more precautions, of a somewhat less general character, but they 
will be considered in describing the various processes 

The methods which wo shall describe are the following • 

1 The process of Gay-Lnssae. 

2. „ „ Dumas 

3. „ „ H. Ste-Claire DoviUe and Troost. 

4 „ „ Eognault, 

We shall also iiioidentally consider the following special cases — 
a. The suhstanoe is liquid, and boils bolow 100°. 

'■ „ „ above 100°, but below 160°' 

„ „ above 160°, hut below 300°. 

solid, and boils below 300°. 

liqmd or a fusible Bohd, and boils above 300°, but bolow 360°, 
bods above 360°, but below 440°. 

„ above 440°, but below 860°. 

„ above 860°, but bolow 1040°. 

1 The process of Gay-Lussac. 

a. The substance is liquid, and bods below 100°. — This simple and beautiful process 
consists in ascertaining the volume ( V) occupied by a given weight ( of a substance 
when heated to the tomperatm'e T, at a known pressm-o P. Dor this purpose a small 
iron pan is to bo supported over a charcoal furnace or a powerful gas-lamp. A glass 
g.is-jar (o) divided into cubic centimetres is, after drying, to bo filled with mercury, 
and inveited in the trough. A small glass bulb, containing a known weight of the 
liquid, is then to be passed up into the gas-jor. It is of great unportanoe that this 
bulb should be as thm as possible, so that it may not fad to burst by tho more 
expansion of tlie hquid For this purpose it is also necessary that the bulb bo 


/■ 
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perfectly^ filled. A liupe glass cylinder open at liotli ends is tlien to lie lowered over 
the gas-jar. The gas-jar may be kept m the axis of the cylinder by means of the 
700, metal piece g hamiig three projoc- 

‘ tions, and also hy means of tile rod 

a b, carrj'ing a cap b The rod a b 
passes tlvrough one of three aper- 
tures in the arm i Jc, which slides 
on the upright rod e /, attached to 
the u'on pot at /i The arm « h also 
allows two thermometers, i and t, 
to bo supported by moans of pierced 
corks at different heights in the 
cylinder, The arm I m supports 
a double-pointed screw of known 
length, the use of winch will ho de- 
scribed pre.spntly. The cylinder is 
nowtohe filled with water up to tlio 
buo d p, and heat is to be applied 
by means of the circular burner, j r 
The Uquid m the cylinder will now 
gradually increase in temperature, 
and at a cortam point the bulb will 
biu-st, and the mercury wiU begin 
slowly to descend in the gas-jar. 
Soon after the water enters into 
ohuUition, it will be found that the 
vapour will cease to expand any 
further The volume V may thou 
he noted, as also the temperature T, 
and the height of the barometer. 
But to obtain the true elastic force, 
F, of the vapour, it will be neces- 
sary to ascertain the height of the 
mercury in the jar above that in the 
trough, and to deduct this lalue 
from the height of the barometer 
For this purpose the milled head n, of the double pointed screw n o, is to be tm-nea 
until it exactly touches the surface of the mercury in the trough. By means of a 
cathetometer, the difference between the height of the mercury in the gas-jar and 
the upper point of the screw can be accurately determined. It is obvious that the 
oloatio force of the vapour may be found by adding to the reading of the cathetometer 
the length of the screw no and deducting the sum from the height of the horomotor, 
Of course the yalites must he rtsluccd to 0° previous to caloulatmg tie results. 

Another method of ascertaining the elastic force of the vapour is as follows Note 
accurately the division on the gas-jar to which the inner level of the mercury reaches 
The screw n o is then to he adjusted to the level of the mercury m the pot. The 
water in the cylinder is now to be removed os far as possible with a siphon, and 
the last portions by the aid of filtering-paper. The metal will then, of course, he 
found to have receded from the point of the screw More metal le now to be added, 
until it exactly touches the point of tlie screw again. The exact point to which tins 
level reaches on the gas-jar is to be noted. The distance between these two points, 
being deducted from the height of the barometer, gives the elastic force P of the vapour 
at the temperature T 

A more generally convenient form of apparatus for determining vapour densities by 
Gay-Lussac’s method, and one which requires a much smaller quantity of mercury, is 
represented in fig. 761 It consists of a cylinder of rather thin glass, abc d,m shape 
like a very large test-tube, it may ho about 16 or 18 inches long, and 5 or 6 in dia- 
meter At the lower and closed end it is rounded, and care must be taken that it i.s 
thin enough to stand the application of heat, and yet strong enough to hear the weight 
of the mercury and the rest of tho apparatus which will have to be inserted A small and 
rather light gas-jar e, divided mto half cubic centimetres, is supported at its lower end 
by an iron cup /, attached to a rod 5151 of the same metal. In the engiaving it is repre- 
sented in the act of being lowered into its place. The upper end of tho jar is kept 
steady hy the ring h which slides on the rod g g. The cylinder is retained in its 
vertical position by tho ring i shding on the massive retort-stand Jc Jc. Tlie rod g g 
and the thermometer I are supported by the arm m, also attached to the retort-stand 
The cylinder being charged up to tho line n n with mercury, the gas-j.ar, tilled with 




mercurial trough, and to luclme 
it to an angle of about 45°. The 
bulb is then to be held between 
the thumb and two first fingers, 
the tail towards the palm of 
the hand, it is then to be 
presented to the opening of the 
gas-jar, and when insoited is to 
be let go , it will then ascend to 
the top. 

The elaatie force of the gas 
can bo very readily determined, 
owing to the tranapaienoy of 
the cylinder With this appa- 
ratus the height of the column 
of oil or water must ha asoer- 
tiimod, and reduced by calcula- 
tion to a corresponding v.ilno 
in millimetres of mercury The 
elastic fores of the vapour is 
then found by adding this 
number to the height of the 
barometer, and deducting the 
height of the mercury in the 
gas-j'ar above the level of the 
mercui’y in the outer oylmdor. 

By proceeding according to either of the methods described, wo ascertain the volume 
which a known weight of substanco occupies at a given temperature and prossiu'e, and 
it only remains to determine the weight W of the same volume V of air at the 
same temperature T and pressure P. This may be ascertained by means of the 
following formula : 

W => 0 0012932 grm . r . ; ^ 

® 1 + 0 00307 T 760 

The expression 1 + 0'00367 Tfor the temperatures at which the specific gravities of 
gases arc usually determined, has been calculated by several physicists, and may be 
found in works on physios, and an especially elaborate table of tins description, for 
every tenth of a degree between — 2° and + 40°, may be found m Eoscoe’s trans- 
lation of Bunsen’s Gasotnetry. But it is evident that vapour-densities are almost 
always determined at temperatures more elevated than this . the author of tins article 
has, therefore, calculated the more comprehensive expression ^ ^ ^ 00367 T 
the temperatures at which a vapour-density is likely to be determined by Gay-Lusaac’s 
process — viz , from 1° to 160°. This table will, from the time which it will save in 
calculating, be found invaluable to those who have many determinations of this class 
to make. 

b. The substance is liqmd, and boils above 100°, but bdow 160°. — The process of Gay- 
Lussne is quite capable of meeting this case, but, instead of water, it will he necessary 
to substitute neats-foot oil, or spermaceti. During the operation the oil must be 
stirred by the aid of a small stirrer attached to a wire. As oil does not remain 
colourless if heated for a long time to 150°, it is advisable to make the experiment in 
such a position, that a good light from a window or lamp may bo brought behind it, 
so as to illuminate the diviBions on the gas-jar and thermometer In other respects 
the operation may be conducted in the same manner as that last described. 
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Fig. 762 


2. Hie proem of Hum e,i 
'd hods above 150°, but ii 

adapted for determining the vapour- 

liquids boiling between tbe above temperatures n 
that of Dumas For this purpose it is proper to 
employ glass balloons, having a capacity of from 
100 to 300 cubic centimetres , the size will depend, to 
a groat extent, upon the quantity of substance at 
the disposal of the operator It is, however, ab- 
solutely necessary to have more substance than is 
sufficient to fill the balloon with its vapour. It is 
also proper to use larger balloons as the density of 
the vapour IS lower, otherwise the difforeiiee between 
the weight of the balloon filled with vapour, and 
when filled with air, will be so small as to render 
excessively accurate weighing necessary, in order to 
prevent error Dumas’ method of determining vapour- 
densities is qiuto capable of yielding accurate results 
in the cases a and b , but it reqiurea more substance, 

^ it of the density being determined at more than one temperature, 

without mailing a separ.ito experiment m each ease The process of Gay-Lussac, on 
the other h.ind, permits numerous experiments with one smaU specimen of substance 
at any desired temperature within certain ranges, and thus enables the operator, in a 
very short time, to iiccumulato information regarding certain physical properties of 
substances which it is often very desirable to know— such, for example, as the lowest 
temperature at which tho substance under study begms to obey tho laws of permanent 



and does m 


Tho balloons should he selected of a light and readily fusible glass, so as to allow 
tho point to be sealed hermetically without difficulty at the close of the operation Ono 




OF VAPOURS. 


369 


having been selected, and its neck having been drawn out to a moderately flue point, 
It IS to be thoroughly dried. This may be done by exhiinating it repeatedly, and 
allowing it to fill each time with air dned by passing over a column of chloride of 
c.ilcium. The balloon is then to be weighed, the same precautions being taken as in 
the case of gases As much fluid is then to be inserted as it is judged will be more 
than enough to fill it with vapour. An iron pot V (fig. 762), having been filled with 
melted tallow or neat’s-foot oil, is to be supported in any convenient way over a char- 
coal furnace, or a powerful gas-burner. For aE ordinary experiments, the air- 
thermometer h B may be replaced by a mercnnal one passing through a cork at K 
The ears s and s' of the pot V support two rods, t p and t' ]]/. The former has sliding 
upon it a bent arm, c d, c.ipable ot being fixed at any height by the screw r Two rings, 
ef and g h, serve to support the balloon A , they may bo adjusted by the screws 1 1 
The taEow bcmg heated to nearly the boiling-pomt of the substance, the baEoon is to 
be lowered gradually, until tbo point a projects only about half or tliree-quartois of an 
inch above the tallow. When the tomperaturo reaches the boihng-point, the vapour 
hegms to escape, rapidly at first, but more and more gently afterwards, and finally 
ceases. The absolute cessation of the evolution of the vapour may he ascertained by 
bringing a piece of cold meUl near the point « The liquid which condenses in the 
neck 13 to ho chased away with a piece of red-hot charcoal. The temperatme should 
ho allowed graduaUy to rise, untE it is 20 or 30 degrees above the hoihng-pomt ot the 
substance. The heat must then he so regulated as to allow the bath to remain as 
nearly as possible at the same temperature, wbUe the point of tho balloon is being 
sealed This latter operation is most conveniently effeited by the aid of a Eerapatli's 
blowpipe, attached to a flexible tube of suflScient length to oEow of ample freedom of 
movement A common mouth-hlowyipe and spirit-lamp 
wEl suffice when the gas-apparatus is not at hand. 

As soon as it is deemed that the point is perfectly 
closed, tho temperature of the bath and the height of tho 
barometer are to be noticed; the screw r may then 
bo loosened, and tbo balloon raised completely from 
the bath , the point a should then be turned downwards, 
so that the condensed liquid may flow into it It should 
now be carefully watched, to see if any air-hubbles rise 
through It, indicating incomplete sealing If no leak be 
observed, the balloon may, after cooling, be thoroughly 
cleaned, placed on the balance-pan, and allowed to 
remain long enough to become constant in weight The 
exact weight having boon ascertained, the point a is to be 
inserted below the surface of tlio motiil in the mercurial 
ti'ougli, and a flle-niark having been made on it, tho point 
is to be snapped off The mereiu'y wEl then rnsh in, and, 
if the operation has been completely successful, wiU, witli 
tho condensed liquid, entirely fill the balloon In most 
cases, however, a bubble of air will remain, indicating 
that tho whole has not been cxpeUed from the balloon by 
the vapour It is absolutely essential that the volume 
of this residual air should be accurately ascertained For 
this purpose the mercury and condensed liquid are to be 
transferred to a cylinder, divided into cubic centimetres, 
and placed 111 a verti cal position A mirror then being held 
beliind the cylinder, and in contact with it, tho operator 
places himself in such a position that the line on the 
ojiindor which coincides with tho level of the mercury, 
or rather that of the condensed hquid, also coincides with 
tho centre of tho reflection of tho pupil of the eye as seen 
in the mirror The balloon is then to he refilled entirely 
with mercuiy, and the contents are to be again transferred 
to the graduated oylmcler, and tiio volume ascertained as 
before. It is obvious that the second reading wiE give a 
greater value than tho first, and that the difference 
between the two readings wiE Indicate the volume of the 
residual air 

The above process for the deterrahiation of the residual 
air takes a considerable time, owing to the slowness with which the mercury escapes 
from the small aperture in the neck of the baEoon, and, where numerous determinations 
of vapour-density have to be made, causes great delay The wiiter of this article 
has therefore devised the following method of proceeding, which, in addition to extreme 

VoL. V. B B 
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. „ - - broken off under mercnry, 

and the metal having entered the globe, the latter is to 
ho placed on a straw ring (as in fig 763, p 309), beneath 
a burette divided into cubic centimetres and fractions. The 
screw a of the compression-stopcock is then turned, so as to 
allow a slow stream of metal to flow into tile balloon until 
the condensed liquid exactly reiiclies the orifice. The quantity 
of mercury required for tho piu'poso at once indicatosthe resi- 
dual air The comprcBSion-stopcock shown mfiq 763 is seen in 
section mfig. 701. It is capable of withstanding a very con- 
siderablo pressm-e of mercury, and is so manageable that the 
smallest portion can be added at will, A block of wood, abed, 
Lab a square hole mortised in it, through which passes tho 
vulcanised tube e/^ /I, attached at c/to the lower orifice of 
the burette A piece of h.ard wood, t i, also passes through 
the mortise, and is retained in its place by the flange t. To 
close the orifice it is only necessary to turn tho miUed head I of 
the screw . the piece t will then be pressed against the vulcanised 
tube, and dose it. 

From the duta obtained in an experiment conducted as above, 
the vapour-density (U) m.iy be enloulated in a few minutes with 
sufficient accuracy for most purposes, by the aid of the following 
formula’ — 


- 


P = the difference in weight between the globe flUed with 
air and when flUed with vapour 

F =■ the capacity of tho balloon in cubic centimetres. 
ni = the weight of one cubic centimetre ot air at the tempera- 
ture at which the huUoon filled with air was weighed. 

n/ = tho weight of one cubic centimetre of air at the tempe- 
r.iture of sealing the globe. 

The values of iij and (in grammes) may he obtained at once from the following 
table, calculated for each degree centigrade from 0° to 300° , — 


Weight of on 


0’001293 
0'00]288 
0 001284 
0 001279 
0 001276 
0 001270 


0 001266 
0 001261 
0'001257 
0 001252 
0 001248 


0 001243 
0 001 230 
0 001234 
0 001230 
0 001226 


0 001221 
0 001217 
0 001213 
0 001209 
0 001206 


0’001201 


0 001181 
0-001177 
0 001173 
0 001169 
0'001165 


0 00U61 
0 001167 
0 001 154 
0 001160 
O’0OU46 


0 001142 
0-001138 
0 001134 
0 001131 
0 001128 


0 001124 
0 001121 
0 001118 
0 001111 
0001111 


0 001108 
0-001105 
0-001102 
0 001098 


0 001091 76‘ 


0-001088 77 


0-001084 
0 001081 79 

0 001077 ■■ 

0 001074 II 81 
0 001070 82 
0 001067 
0 001003 II 84 
0 001080 85 


0-001067 
0 001063 II 87 
0 001050 “ 

0 001047 
0 001041 


0 001041 
0 001038 
0 001036 II 93 
0 0010,".2 
0 001029 II 95 


0 001020 II 96 
0 001023 
0 001020 
0 001017 
0 001014 


0-001011 
0 001008 
0 001006 
0 001002 
0 001000 


0-000997 
0 000994 
0 000992 


000977 

'•000974 

■000972 


0-000943 
0 000941 
0 000938 
0 000936 
0 000983 


0 000931 
0 000928 
0 000926 
0 000923 
0 000921 


0 000919 
0 000016 
0 000914 
0 000911 
0-000909 


0 000896 
0 000894 
0 000891 
0 000889 
0 000887 
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Wmght of one Oubte Centimetre of Atmosplierie Air at different Temperatures, from 0°{ 
300° at 760 mm (eonlamied.) 


0 00088-t 
0 000882 
0 000880 
0'00Q878 
0'00087a 


0-000813 
0 000811 
0 000809 


0-000794 
0 000793 
0-000791 
0 000789 
0 000788 
0 000786 
0 000784 
0-000782 
0-000781 
0 000770 
0 000777 
0 000776 
0 000774 
0 000772 
0 000770 
0 000769 
0 000767 
0-000765 
0 000763 
0 000762 
0-000760 
0-000768 
0 000767 
0 000766 
0 000761 


0 000751 
0 000749 
0 000748 
0 000746 
0 000744 
0 000743 
0 000740 
0 000739 
0-000737 
0 000736 
0 000734 
0 000733 
0 000731 
0 000730 
0 000728 
0 000727 
0 000726 
0 000724 
0 000722 
0 000721 
0 000719 
0 000718 
0 000716 
0 000716 
0 000713 
0 000712 
0 000710 
0 000700 
0 000708 
0 000706 
0 000706 
0 000703 
0 000702 
0 000701 


0 000686 
0 000683 
0 000682 
0-000681 
0 000679 
0 000678 
0 0 0 0 677 
0 000676 
0 000674 


0 000666 
0 000664 
0 000663 
0-000662 


0 000654 
0 000663 
0 000652 
0 000661 
0-000650 
0 000648 
0 000647 
0 000646 
0 000646 
0 000643 
0 000642 
0 000641 
0 000640 
0 000639 
0 000638 
0 000636 


0 000629 
0 000628 
0 000627 


0 000623 
0 000622 
0 000621 
0-000620 
0 000619 
0-000618 
0-000617 
0 000616 


But the formula last giTen does not afford results of auffieient exactness for very 
delicate expei-imenfs, inasmnoh as it does not include some necessary corrections, the 
most important being one for the expansion of glass Eegnault’a formula, on the 
other hand, includes Si the corrections required, and possesses also the merit of sim- 
plicity Tlie weight P of the balloon having bean ascertained, and the temperature t 
of the baluuce-easo, and the height {H) of the barometer having been noted, it is 
evident that the weight, p, of the air in the balloon will be - 


p = 0 0012932 V. j— 


0 003672 760’ 


V being tbe capacity of the balloon in cubic centimetres. 

The point of the balloon having been sealed, and the height, H', of the barometer, 
and the apparent temperature, T, of the bath having been taken, it will be necessary 
to find the true temperature, T, which corresponds to it It must be remembered that 
only a small portion of the tube of the thermometer is heated in the bath It is there- 
foie proper to have a small thermometer so placed that its bulb is in contact -with the 
tube of the principal thermometer, and at the height of about one-half of that portion 
of the mercurial column which projects above the oil or tallow of the bath, and the 
division e of the principal thermometer, which should bo two or throe centuneti-es above 
Iho bath. It may then be admitted that (T—e) represents the portion of the mercurial 
column at the average temperature t. This portion would dilate by {T—e) if 

heated from i lo T. The true temperature T is therefore found by adding to the 
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imparont terapeiufaire, T, the numher of degrees indicated by the expression (T- 6) 
But the tomneratura T, as jndieated hy a mercurial thermometer, must he 

6380 

exchanged for the corresponding temperature T", as indicated hy an air-thermometer ; 
tins may he ohtiuiiod without experiment from the followuig table, founded on the ex- 
periments of Eegnault 


Tahh for the Conversion of the Degrees {T) of a Mermnal Thermometer into the cor- 
responding Values (2'") of an Air rhemiomctcr. 



The hnlloon having boon sealed, and well cleaned, its weight (P”) is to he determined ; 
the n eight of the vapour will therefore be P" - (P— p). _ 

The residiinl nir, u, having been found in the usual manner, and the temperature t ' 
and pressure H" noted, its weight p' may he ascertained by means of the expression 

y,'- 0-0012932grm.t,^_J^^ Is 

The weight of the vapour becomes, therefore, (P'-P + p -p'). 

Blit it 18 evident that to obtain the true volume of the vapour we must deduct the 
volume of the residual air at the tomperal lire of sealing the balloon, which, even as 
corrected, we shall for simpheity’s sake call T. The volume »' of the residual air at T 
and PI’ win be’ 

, 1 + 0 00367 T S’ 

” “ 1 + 0 00387 . t" ■ -S'" 

Calling the coefficient of expansion of glass h, we have for the volume of the vapour 
,nt Pand if [F (1 -t AP) — v']. The density of the vapour will therefore be . 


0’0012032[F(1 + hT) - tf] ^ ^ - V - ^ ■ yg. 
it full length : 

F _ P + ( My??32 .y _ 

' 760(1 -s 0 003670^ ^ ) 

rrtl + XPl „ 1 -t- 0 0 03672*1 ' 0'0012932 ; 

L ^ ” 1 + 0 0‘0367<‘-* 760^1 + 0 00367P)’ 


For very full detads regarding the calculations in vapour-density detenumations, sea 
Brown (Clieni Soc. J. [2], iv. 72) 

As the expression can he taken at once from the table given under 

1 + 0 00367 . P 

section b, the calculation is by no means a long one. 

It the height (H') of the barometer has been taken in inches, it can be reduced at 
once to milbmetres from the following table, extracted from the ivriter's Handbook of 
Chemical Manipnlation — 



2 


Table for the Conversion of Inches into Millimetres. 


Mllllnictres 
26-39964: 
60-79908 
. . 76 19862 

. 101-6982 

. 126 9977 


7 . 

8 . 

9 . 


Millimetres. 

162 3972 
177 7968 
203-1963 
228 6969 
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The coefficient of expansion of glass may he ascertained, for temperatures bet' 
0° aud 350°, by inspection of the fuUomng table (Eegnanlt) . — 

Bet’ffeen 0° and 100° . . . . . . K — 0'0000276 

„ 160 0-0000284 


„ 250 0 0000208 

„ 300 0 0000306 

„ 350 0 0000313 

In laboratories where vapour-densities ore frequently being determined, it will be 
found of great advantage to keep copies, not only of aU the data obtained in such 
experiments as the above, but also of each stop in the calculations , so that, in the 
event of real or supposed error, the point at which it has occurred can be detected at 

When the quantity of the residual airis small, and the atmospheric pressure is notfar 
from 760 mm., its weight may be obtained with sufficient accuracy by multiplying the 
number opposite the temperature in the table on p. 370 by the number of cubic centi- 
metres found 

d The sabsiance ts solid, and ioils below 300°. — The last-described method is quite 
capable of meeting the ease, xt being only necessary to fuse the substance so as to 
allow of Its being inserted in the balloon. 

3. The process o/Deville and Troost. 

e The snbstanee is fluid or a fusible solid, and bods above 300°, but below 360°. — 
The chief difficulty in determining the vapour-densities of substances boiling beyond 
tlio range of the merourial thermometer has been the accurate determination of the 
temperature. MM. Deville and Troost (Ann. Chim Phys [3], Iviii. 267) have 
most ingeniously and successfully overcome this diffloultv, by heating the balloons in 
the vapour of substances of elevated, but accui'ately known, boilmg-points. It is 
evident that with homogeneous substances the temperature of their vapouis, in contact 
with the boihng subst-inces, is invariiblo as long as the pressure remains constant 
Tims, under these oirciiraetances, a thermometer surrounded by steam escaping from 
boiling water, will always indicate 100°. The same pbeiiomoiia present theiiisolves 
willi bodies requiring much higher temperatures for vaporisation, the substances 
moat convenient for thepnipose are meiouryhoihng at 360^ sulphur at 440°, cadmium 
at 860°, and zinc at 1040°. In the case now under consideration, it is sufficient to use 
iiiercmy tlie boihng-point of which is 350°. 

The apparatus required is of the simplest description. It consists of an iron 
cylinder, CCKK {fig. 7 66), 22 centimetres high and 12 centimetres in diameter It may 
very conveniently be constructed out of a merenry-hottle. It is to be closed with an 
Pig 766 iron cover. GG. pierced 

^ in its centre to allow of 

1 the passage of the neck 

Hliliy v'llllM of the balloon, B The 

'fA- I -I latter rests upon a nng 

‘ , ' T. r ‘ > . of metal, PP, supported 

I '■ T"' -v I' '’’5 ^ r" points fixed to the 

l I • interior of the cyhnder. 

>1 , , “ 1 . . ’ a There is also a concen- 

li. " ' a trie d 1)1) ;.i prevent the heat radiated 

■|' . I ' ill" s.'! <• <■.’ I'-p xessol from reaching the 

•’ ' ' -j I'a’l . II j.'i e,i n fosteiied down by means 

,1,1*, n .I'p. .lU -« W The tube, T, inserted 

.!■' .?lj H ' 1 "i ■ - 6 ' (■ lihder, serves to carry away 

^ .'V, 1. I ^ ^ ari. alt-. - le vapour of tbe mercury 

J , ni=t V 'll r.i.'csented in the figure, is 

1 . , I ... I II u ■. IS used only for tampera- 
.. ' liS ‘ i.-c- . I .'.■li ■ b g' .■ -.iild soften' for suhstances 

,°1 I -J c'l- Ti'i )i -1.1 .--11,1 e o: which can be determined 

L ' ' I "s 1 I , i ji'i 1. 1' 'uiy, it will be quite suffl- 

gl . 3 1" ■ I '■> I'U I ,1 of ordinary glass. It will 

Isj' . " ' ‘f .I'-ii I'll . ■ — . ly 111 heat the tube T by means 

J.| ' , Jj '■■I , j-i- .-1 , I .i.-n- ,i.'e, as shown in the figure. 

? > ' - ib I’l . ■ ■ i' .■ I ..riul gas-burner, or small ehar- 

^ coal chauffer, will be quite sufficient when the 

vapoOT of mercury is employed as the he.itnig medium. 

The writer of this .irticle, who has had occasion very frequently to employ this 
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process, makes use of the apparatus shown in Juf 766 A small glue-pot, a a, is to ha 
ground at its mouth, to fit accurately the iron plate b b The latter is pierced 
witli two holes — one serving to give egress to the neck c of the balloon, and the other 
to admit the bent iron tube d d, which serves to carry away and condense the vapour 
of the mercury. The gland a e, bent twice at right angles, has two screws / /, which 
attach it to the ears of the pot. The gland is pierced with throe holes, two serving to 
admit the presanre-serews g g, and one to permit the passage of the neck of the 
balloon. A ring gas-brnmor (h) serves to heat the apparatus. The substance to bo 
examined having been luscited in the balloon, i, and a few pounds of mercury having 
been placed in the pot, the balloon is to be put in its place, the neck passing through 

Fig. 766. 



a cork, the upper portion of which projects as short a distance as possible above the 
cover of the pot. A small quantity of hnseed-moal luting may be laid on the cover 
before fastening it down with the screws Although the cork and luting will be 
destroyed during the operation, they serve quite well for one experiment Another 
iron tube may very conveniently be made to slip over the tube d d, so as to conduct 
the condensed mercury-vapour to a convenient receptacle. The nook of the balloon 
must be kept very hot during the operation, by tbo aid of pieces of rod-hot charcoal. 
When no more vapour escapes from the orifico of the balloon, it is to he sealed m the 
same manner as in vapour-density determin-itions by Dumas’s method. It is scarcely 
necessary to add that the value of I, in the formula on p 372, is too considerable to 
be neglected in determinations conducted at this elevated temperature 

It wiU save some trouble to romomher that at 350° the value of the erpreesiou 

IS 0 000566 

1 + 0’00367 T 

f. The auhstanoe boils above 860°, iiit Woio 440°. — Glass globes maybe employed 
for a tomperature of 440° without any fear of softening. 600 or 600 grammes of 
sulphur are to he used in the apparatus described on pp. 373 and 374, and 2U0 or 300 
grammes are to he distilled over in each operation The apparatus is not injm'ed 
by the sulphur, and lasts, therefore, for an indefinite time 

g The substance boils above 440°, but below 860°. — -When the vapour-density is to he 
determined at 860°, it will be necessary to employ cadmium- vapour for the purpose of 
heating the balloon. The apparatus shown m fig. 765 must he employed, and the 
tube T must be kept very hot by means of a combustion-funiace filled with charcoal 
Two or three kilogrammes of cadmium may bo used, hut only 300 or 400 grammes need 
be distilled over in each operation It is necessary to employ poreclam balloons at the 
temperature of 860° ; they aro loosely closed during the operation by the Bm<vll porcelain 
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Btopppr V (Jiff. 785, p. 373), which permits the escape of the vapour of the suhstauce 
under examination The opening is closed at the end of the expenment, by directing 
the flume of the oxyhydrogen-blowpipe over the stopper; the opening then closes 
inthout difficulty For details as to the numerous precautions to bo observed and 
corrections to be made in calculating the results, the reader is referred to the elaborate 
paper of MM. Deville and Troost, previonsly alluded to. It may bo mentioned, 
however, that the coefficient of cubic dilatation of porcelain between 0° and 860® 
was found by the authors to be 0 0000108 

A, T/te substance boils above 860°, but below 1040°. — ^In this case it will be necessary 
to employ the vapour of zinc. The general process is similar to that employed in the 
case of cadmium. The coefficient of dilatation of porcelain between 0° and 1040°, was 
found to be 0 0000108 — that is to say, the same as betiveen 0° and 860°. 

Ill determining precisely tho boiling-points of sulphur, eadmmm and zinc by means of 
the air-thermometer, great difficulties arise from tho fact that minute errors of weighing 
seriously affect the results, owing to the extremely small quantities by weight of am 
which remain in the apparatus at tlie temperatures employed. Deville and Troost 
have overcome this difficulty by employing lodino instead of air in the thermometer. 
The veiy considerable density of the vapour of iodine ^8 7), and the fact that it 
has, fortunately without sensible error, the same coefficient of dilatation as air, render 
It invaluable for this purpose 

4. Begnaidfs p-oaesses . — The limits of this work wiJl not permit the iutroductioh 
of a complete account of the numerous processes devised by Eegnault for determining 
tho densities of the vapours of substances Tho methods already described are capable 
of meeting every cnee hkely to occur in chemical reseai'olies. It is true that instances 
sometimes present themselves where it is desirable to obtain information as to the 
physical characters of cert.iin vapours, and their behavioiu' under various circumstances 
of temperatum and pressure m such eases it will be nccessaiy to refer to the original 
memoirs , a list of some of the more important is therefore appended to this article. 
It would, however, bo improper to omit a description of tho following simple metliod, 
devised by E6gnault(Ann. Ch. Phys [3], Ixin 53), for detemining tho densities 
of vapours at elevated temperatures. It is, iiowevcr, only adapted for substances which 
are unacted on by air. The apparatus consists of two flasks, A A', made of cast-irou,as 
nearly ns possible of the same thickness They are terminated by 
tubulures, which are closed by the buUcts B B', resting on the 
openings The volumes of tho two flasks are to be exactly deter- 
mined by ascertaining the weight of water required to fill them. 

Soma mercury is to bo poured into the flask A , aud in A', the sub- 
stance the vapour-density of which is to be ascertained Tho 
apparatus is then to be placed on a mnifie bested to a temperature 
somewhat more than sufficient to convert tho substance into vapour. 

The mercury and substance soon enter into ebulhtion, expelling the 
air by the apertures, which are only imperfectly closed by the hiuleta. 

When tlie apparatus has been sufficiently heated, it may be 
removed and allowed to cool The weights of tho mercury 
remaining in A, and of substance in A’, are then to he determined 
by analysis 

Let P be the weight of the mercury, 

P' that of tho substance, 

8 the density of mercury compared with that of air under the 
circumstances of temperature and pressure which existed in tho mufflo at the moment 
of removing the apparatus. 

The density of tho vapour will bo under the same conditions, and, assuming the 
volumes of the two flasks to bo identical, 
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P' 

But as, in practice, the cap.icities of the two flasks will never be exactly the same, wo 
must substitute tho following formula for that given by M. Eegnault. Eepresonting, 
therefore, the volume of A by V, and the volume of A' by V’, we have • — 


It is proper to remark that this method ceases to be accurato if there be any great 
difference between the volumes of A and A’. 

The relations between the atomic weights of substances and their densities in the 
state of vapour or gas, have been so fully discussed m the article Atomic WmanTS 
(i. 466), that we only now have to consider the metliod qf calculating the theoretical 
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vapour-iensity of a suhstavce. This niaj at once be obtained by multiplying the atomic 
■weight of the substance by half the density of hydrogen, 0 034636 If the results of 
experiment differ from the number so obtained by a very large amount, it ■will pro- 
bably arise from the yaponr-deiisity being anomalous. (See Axomio Weiouts.) 
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Williams, C G. • Determination of Residual Air, Phil. Trans. 1867, p 460 

0. G. W 

SPBCXBAl^ AU’AIi'VSIS. The oxiimiiiation of the properties of the light emitted 
by substances m the slate of glowing gas has been termed Spectral Analysis. By this 
iiicthud we not only succeed in obtoming a muob more accurate knowledge tliau 
we liavo Intberto possessed concerning the cbemicnl composition of terrestrial matter, 
but we acqniio informotion respecting the chemical nature of the sim, fixed stars, and 
distant nobiilm, opening out the new sciences of solar and stoUiir chemistry. 

If, by means of a prism and suitable optical arrangements, wo examine the light 
emitted by incandescent solid or liquid bodies, we find, first, that all such bodies become 
luminous at the same temperatiuo , and, secondly, that when they first become luminous 
red rays alone are emitted, and that as the temperature rises, rays of every higher 
ilegroo of refnmgibility, up to a certain limit, are likewise given oflf, until, ■when the 
highest temperature is reached, all the himiiious rays are omitted, and the body is 
said to be wliite-hot Hence the spectrum of every incandescent solid or liquid is 
continuous, md cannot be used ns a means of detecting the chemical nature of the 
uubsttmee. The light emitt ed by incandescent gases differs essentnilly from that radiated 
from solids or liquids, iniiamucli as the spectrum of a glowing gas is not continuous, 
but consists of distinct bands or lines of light , in oilier words, is made up of different 
rays of definite degrees of refrnngibility Another dififerenco to be noted is that, 
except m certain cases to be spoken of hereafter, the qualify of the light of a glowing 
glia does not alter with mcreaso of temperature tuns, as soon ns sodnim-vapoiir 
becomes lummous, it emits yellow light, nor can this colour be changed by increasing 
the tonipcratnro , sodinm-vaponr cannot be made whitc-bot. 

ISaoti oloraeiitiiry substance m the state of gas produces a spectrum consisting of 
bright lines oi bunds, winch are mialter.iblo m position, and are piodiioed by that 
particular element alone, hence this property m,iy be made use of fur detecting 
the presence of the substance in question, and it matters not how far distant the 
source of light may bo from the observer, provided the lines can bo distuictU seen. 
Many chemical compounds are not decomposed below the temperature at which tlieir 
vapours becumo lummons, and these compounds yield spectra differing from those 
of tlieir constituent oloments, m some cases a further elevation of temperature 
produces a sudden dissociation of the combined elements, and then the true ele- 
mental spectra become for the first time apparent — ^no farther change in the position 
of the lines occurring with subsequent increase of temperature. In many instances, 
lioivever, even in the case of the elemental lines, increase of temperature renders 
new lines visible, which could not be seen before, possibly owing to their not possess- 
ing suffieienl intensify. 

The methods of obtaining Hie spectr.ioftlie elements, or thaircompounfls, differ aeeord- 
ing to their volatility The instrumoiit or spectroscope employed vanes according to 
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tbe degree of accuracy winch the observations require . thus, for the detection of some 
of the more comnionly-oocurriDf; substanoes, a rough apparatus with one prism will 
sufiBce, whereas for exact experiments, and for researches on solar chemistry, a 
much more powerful and optically perfect instrument is needed. 

ExaminaUon of the Speotia of Bodrn which tint the colourless Oas-fiame. 

It has long been known that certain substanoes, especially the salts of the alkalis aud 
alkaline earths, tint the blowpipe-flame, and these tints have long been used as testa for 
the presence of the substances Bunsen audEirehhoff (1860, Chemical Analysis hy 
Spectrum Observations ; First Memoir, Fogg. Ann cx. 161 ; andPhil. Mag. [4] xx 89 
Second Memoir, Fogg. Ann. cxiii. 337 ; and Phil. Mag [4] xxii 320 and 498) were the 
flist successfully to apply the prism to the examination of these tints, whereby the 
accuracy and delicacy of their indications were infinitely increased, and thus to found the 
science of Spectral Analysis 

The improved spectroscope employed in these experiments is represented in 768. 
On the upper end of the cast-iron foot, F, a brass plate is screwed, canning the flint- 
glass prism P, having a refracting angle of 60°. The collimator-tnhe. A, is also fixed to 
the brass plate , in the end of this tube nearest the prism is placed a lens, whilst the 



other end is closed by a pUte, m whicli a vertical sht has been made. Two arms are 
also fitted on to the cast-iron foot, so that they are moveable m a horizontal plane 
about the axis of the foot One of these carries the telescope B, having a magnifying 
power of eight, whilst tlie other carnes the tube 0 , a lens is placed m this tube at the 
end iieiirest the prism, and at the other end is a scale, which can be seen through the 
telescope hy reflexion from tho front surface of the prism This scale is a photographic 
copy of .1 imUimetrc-scale, wlueh has been produced in the camera of about ^ the 
original dimensions. The structure of the 
sht 18 seen in fg 769 . the upper half 
only IS left free ; the lower half is 
covered hya small equilateral glass prism, 
which sends by total reflexion the light of 
the lamp D through the slit, whilst the 
rays of the lamp E pass freely tlirough 
tho upper and uncovered sht By help 
of this arrangement, the observer sees 
the spectra of the two sources of light im- 
niodiatofy one under the other, and can 
thus easily determine at a glance whether 
the hnes are coincident or not The instrument is used as follows . — In the first 
place, the telescope B is di’nwn out so far that a distant object is plainly seen , it is then - 
screwed into the ring in which it is held, care being taken to loosen the screws a and 
beforehand The tube A is then brought into its place, and the axis of B brought into 
one straight line with that of A The slit is then drawn out until it is d stiiictly seen 


F,g. 769. 
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ou looking tlirongh tho tplesoope, and this latter is then fixed by moving the screws 
a and /3 until the middle of the slit is seen in the middle of the field of view. 
After removing the small spring % the prism is next placed on the brass pliite, and 
fastened m the position which is marked for it, and secured by screiving down the 
spring-clamp 7. 

If tlie axis of the tube A be now directed towards a bright surface, such as the flame 
of a candle, the spectrum of the flame is seen 111 the lower half of the field of the 
telescope, ou moving the latter a certain angle round the axis of the foot F. When the 
telescope has been placed in position, the tube 0 is fastened on to the arm belonging 
to it, and this is turned throngh an angle sneh that, when light is allowed to fall on 
tlio divided scale, the image of the scale is seen thiough the telescope B, reflected from 
the nearer face of Uio prism The divisions can easily bo focussed, and the line on 
which the divisions lio brought parallel with the line dividing the two spectra by 
means of the screw (S) ; a small gas-flame is then placed opposite the tuho C to lUimnnato 
tile scale. The breadth of the sbt can be regnlated, by means of the screw c, according 
to the degree of illumination present, or the purity of the spcetriim reguirod. A black 
cloth, with holes for the tube C, is thrown over the whole apparatus to shade off stray 
light. In order to bring the two sources of light, D and E, mto position, the following 
method may be employed : — If the lamp B be pushed past the slit, a point is easily 
found at which the blue hues of the hydiocarhou-flarae (Swan, p SsS) are plainly 
seen ; the lamp must then ho pushed to the left still farther, until these Imes nearly nr 
quite disappear, the right mantle of the flame is now before the sbt, and into this tlio 
bead of siibstaiice under examination must be brought. In the same way the 
position of the flame (D1 may ho ascertained (Bunsen) Owing to variations in the 
refracting pov^ev of the prisms, the positions of the lines of the same siibstaiices, 
measured by the photographic scale, on two diflierent mstninionts will not coincida 
ex.ietly. Bunsen has,however, given (Pogg. Ann cxix 6) an casymethod for reducing 
these variations, reuderingcomparable the measurements thus madowith different iiistru- 
nionts He has alsoproposodagraphicalmothod(shownin/^.770, opposite page 382)of 
mapping not only the position of the bright hues, but also thoii relative intensities and 
degrees of sharpness this consists in shading in the linos under a millimotre-scale (repre- 
senting that seen tliTOiigh the telescope), the sturtiiig-point being taken to be tbe D lines, 
the position of which is alw.ays represented at fiO mm The height of tbe shading gives 
tlio i ntensity of tlie bright hand, the extent of the shading gives tho breadth of the line or 
hand, and the degree of shnrpuess is indicated by the sudden or gradual growth of the 
sli.ided portions This method cannot, of course, give to one unfamiliar with the spectra 
themselves, any idea of their real appearance, this c.in only be attained (and but 
imperfectly) by chromo-litbographic tobies, which accompany some of the memoirs, 
and of wliiM an enlarged serios has been published by Lenoir of Vienna 

Tho discovery of four new elementary bodies (csesium, rubidium, tliaUiuin, indium), 
by help of spectral analysis, since 1860, serves to show the value of this new method; 
of its delieaoy, some idea may be fomod by the foUowing numbers, which give, 
in fractions of a milligramme, the weiglits of tho smallest quuatitiea of tho metals in 
question which can thus be detected with certainty — 


Sodium 

Lithium 

Calcium 

Cffisiuni 

Strontium 


0 0000003 
0-0000009 
0 00001 
0 00005 
0 00006 


Thiillmm 
Ruhidium 
Potassium 
Barium . 


0 00008 
0 0002 
0 001 
0-001 


Spectnm Reactions of the Metals of tie Mhahs and Alhakne Earths. 

Sodium —The spectrum-reaction of this metal is the most delicate of aU. The 
yellow line, Na a, is tho only one which appears in the sodium-spectrum ns seen in tho 
fl.inie with the ordinary spectroscope. Examined at tho high temperature of the 
eiectrio spark with a more powerful set of prisms, this yellow line is seen to be double, 
and it is found to be ex.ietly coincident with the dark double solar lino known as D , 
under these civcumstivncea, three other pairs of hues and a nebulous band become 
visible, m addition to tho yellow I) lines (Huggins, Phil Traus 1864, p. 139, on The 
Spectra of some of the Chemical Mementi). The lino Ha n is remarkable fur its exaotly- 
ilofinod form and exti-aordinury brightness If the quantity of sodnim-compoiind 
present in the flame is verjr large, some portion is precipitated in tbe solid form, 
,uid this gives rise to a faint contmuous spectrum stretching at each side of the 
double yellow line , if a small piece of the metallic sodium be volatibsed in the flame, 
the important phenomenon of tho reversal of the sodium-spectram is observed — that is, 
the hriijht sodnim-lines on a dark background become changed to a dark one 
upon u background of a hnpht coutiiuioiis .spectnim. Tho explanation of tins will be 
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given hereafter. AU the Bodiuni-compounds yield the yellow lino when heated m the 
flame , those (such as the oxides, chloride, iodide, bromide, sulphates, and carbonates) 
which are easily volatilised give the reaction most vividly, but the non-volatilo plios- 
phatea, ailieates, and borates also exhibit the line plainly. Swan in 18S7, and indeed 
Slehille in 1752, pointed out the delicacy of this reaction. The sogJsooP^'^*^ of a milli- 
gramme of soda can be easily detected, and this reaction shows the constant presence 
of sodium-compounds floating about as motes in the sunbeam , all bodies, sfter exposiu'o 
to the air for a few minutes, exhibit the soda-lmes on ignition. This dust of sodium- 
compounds IS derived from the evapombon of the minutely-dividod particles of sea- 
spray, and from the transportation of the infinitely small solid particles by the wind,s. 

lAthtum . — The luminous vapour of lithium, obtained by the ignition of the salts of 
this metal in the flame, yields a spectrum consisting of two bright lines . the one a 
bnght red hne, Li a (31 mm on Bunsen’s scale), and the other a very much less 
distmct orange line, Li P (46 mm on Bunsen's scale) When lithium-vaponr is 
more strongly heated, ns m an oxyhydrogen-flame or in the electric discharge, a blue 
bne or band becomes visible, m addition to the other two bnes which do not change 
their position (Tyndall and Frankland, Phil Mag. [4], xxii. 472). This now blue 
litbium-line, when viewed with one jiriam, appears coincident with the blue strontiiim- 
hne, SrS(aeop. 380). On examination with three pnsms and a high magnifying power, 
the hlue lithmm-lmo is seen to bo somewhat more refrangible than the strontuun, S, 
the lines being separated by a space about equal to that separating the two sodiura- 
lines. (Eosooe and Clifton, Proe. Maneh.Phil. Soc 1861-62, p 227.) 

All the hthium-oompounds give the reaction; indeed, minerals containing lithium 
(snob as triphylline, tnphane, and petaUte) only require to be held in the flame to 
exhibit the red hne, Li o, most distinctly Lithium-compounds wore formerly supposed 
to occur most sparingly on the earth’s crust, but speotral analysis has shown that this 
metal is most widely difiUsed It has been found m the waters of the Atlantic, in the 
ashes of marine plants, in aU the quartz and ortboelase of the Odonwald, as well us 
in very many other minerals from difieront localities , in almost every mineral-water, 
as wei. as in almost all well- and rii or- waters , in the ashes of tobacco, of wood of 
the vine ; in milk, coffee, tea , in human blood, and m muscular tissue Lithium-salts 
have been found to occur m largo quantities in a spring m Cornwall (W A. Miller, 
Brit. Assoo. Beport, 1864) Lithium has also been found in meteoric stones. (Bun- 
sen, Ann. Ch. Pharm. exi. 263. — Engelbach, Pogg Ann. civi. 612 ) 

Potassium. — Volatile potassium-compounds, when placed in the flame, rive a widely- 
extended contmuous spectrum, which consists of two chief lines . one line, K a, situated in 
the outermost red (from 18 6 to 18-6 on Bunsen’s scale), and a second luie, K fl, sitinitcd 
far in the violet rays towards the other end of the spectrum (182 6 to 163 6 on Bun- 
sen’s scale). When the vapour of potassium is heated in the electric spark, several 
other lines make their appearance (Huggins). All potassium-snlta containing 
volatile acids exhibit the two linos when placed in the flame, but the potash-sihcntea 
and some other non-volatile compounds do not show it, and must therefore be ignited 
with sodium-carhonate The presence of the sodium-salt does not interfere with 
the reaction, and scarcely diminishes its delicacy. Ortboelase, sanidine, and adularia 
may in this way be easily distingiushod fiiom alhite, oligoeluae, lahradorite, and 
anorthite. If only a trace of potash is present, the silicate must he heatod with 
ammonium-fluoride in a platmum-basin, and the residue brought into the flame on a 

The potassium-red lino, K u, was at one time supposed to ha cemcident with 
Fraunhofer’s line A (Kirehhoff, liessarc/iee, part i), it has since been shown 
that the rad line is a double one (Boscoa), and that it is not coincident with Fraun- 
hofer’s A. (Kirehhoff, Seseaiches, &a , partii ) 

Rubidium and Cissium — ^These two new alkali-metals were discovered by Bun- 
sen in the miner.il-water of Dm’kheim, and in Saxon lo^idolito (Berbn. Acad Bor. 
10 Mai 1880, p 221; Cbem Hews, iii 132), Since their discovery they have been 
found to be widely diifiised , indeed, rubidium may be said to be a commonly-occurring 
substance ; for although it exists only in small quantities, it is met with in a large 
number of mineral waters, and in the ashes of many vegetables, such as tobacco, 
coffee, and beetroot (Graudean, Compt rend, liv 460, 1067). The chemical pro- 
perties of the csBsium-oompounds, together with the methods employed for the sepa- 
ration of this metal from lubidium, are described in vol i. p. 1112 of this Dictionary ; 
the rubidium-compounds are noticed in vol. v. pp 127-131 , hence it wiU here only be 
necessary to describe their spectra. 

The spectra of the new metals exhibit, in the first place (in accordance with 
their correspondence in other chemical properties), a striking analogy with the 
potassium-spectrum, aU three metals possess spectr-i which die contiimoiis in 
the centre, decreasing in intensity towards each end In tho case of jiotdssnim, the 
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continuous portion (indicated m the maas hy a d.vrk bond above the division) is most 
intauee, in tluitof rubidinm less intense, and in the caesiiim-speetnim this luminosity is 
least. In aU three we observe the most intense and. chavactenstic hues towards both 
the red and blue ends of the spectrum. Of the rubiduwi-liiies, those mmked Kb a and 
Kb $ (137 and 136 — 136 mm.) are the most brilliant, and best smted for the 
recognition of the metal Less brilliant, tliongli still characteristic, are the red 
lines Rb y and Kb fl (16 — 16 and 13 — 14 mm ), from winch the metal derives its 
name, they are remarkable as both being less refrangible thim the potassium red 
hnos K «, and the outer one of them hes so far in the dark red as to be only renderod 
vi&iblo by a special arrangement The other linos, which are found on the continuous 
pnrtnii of the spoetnim, cannot so well bo used as a means of detection, because they 
only appear when the siibstauee is very pure, and when the degree of illumiuatioii is 
very great The nitrate, chloride, chlorate, and perchlorate, on account of their easy 
voUtility, show these lines most distinctly , but even the least volatile rubidiiim-com- 
puiinda, snob as the silicates, yield spectra in which all these details are plainly seen. 

The speetrum of ceesimi is chiefly charoctonsed by the two lines Cs o and Cs fl (109 
and 108 mm ), remarkable for their brifliancy and sharpness of dethiiti on, ns well os by 
tlio absence of any hue in the rod as in the two other spectra. The Imo Cs y m the 
or.iiiga (42 mm.) is the next most distinct. The other yellow and green lines marked 
oa the map first appear when the luminosity is great , and though they cannot be 
Used for detecting the presence of smnll ijnantities of the csasium-oompoundB, tliey 
m.iy serve with advantage ns tests of the purity of the esesium-salt under examination, 
as they are seen only when all foreign matter is got i id of. 

The delicacy of the spectrnm-test for the pure coropouiids is, for rubidium 0’0002 
iiigm , and forciesium 0 00005 nigm , if other membcis of tlio alkaline group of metals 
bu present, thodolicacy of the reaction is ot course impaired, but even when mixed with 
ti'uin 300 to 400 times its weight of tlie chlorides of potassium and sodium, the OEesiura- 
eliiuiides would be easily detected, whilst the rubiduim-salt will boar dilution with 
from 100 to 160 timos its weight of the common alkalis before its spectrum is ron- 
derrd indistinct (Bunsen.) 

The following is a list of the chief sources in which the new alkaline metals have as 
yet been feund • — 

In mmcral waters- — ^Durkhoim, Kissmgen, Nauheim, Krensnaoh, Badsn-Badon, 
Wiesbaden, Soden near Franlcfort, all contain both motiils sea the Second Memoir by 
Bunsen and Kirchhoff. 

Tichy, Bonrbonne (Grandean, Compt rend. liii. 1100.) 

Ebensee, Haller, Gastein. (Eedtenbachov, J pr. Chem Ixxxv. 468.) 

Aussee. (Sohrdtter, tiid p. 488 ) 

Topusuo, Lnssinga, Karlsbrunn. (Schneider, ihd. p. 458 ) 

Salins (Jura), Contrcxdville (Vosges) 

Bead Sea water (Gnindeau, jHin. Oh Phya. [3], Ixvii 176.) 

Jnminerals — ^Lmidolite from Eoxena, Cs and Eh. (Bunsen and Kirchhoff) 

Lcpidolite from Hebron in Maine Eh and Cs. (0 D. Allen, Phil, Mag. [4], xxv. 189). 

Lepidolite from Prague, Petalite from Hto, Eh and Cs. (Gran dean, Ann Ch. 
Phys [3], Ixvi 172, 173 ) 

Triphylline, Bb and Cs. (Bunsen, Chem News, iv 163) 

Litliia-niicafroinZinnwald in Bohemia, EbandCs. (Buneen, Chem. News. iv. 286. — 
Schrotter, J, pr. Chom Ixxxv. 468.) 

Gneiss from Freiberg, Eh. (Enhe,Berg-undHutt6m(inn Zoitung, 1862,No. 8,p. 76.) 

Carnsllito, Hb and Cs. (Erdman, J pr Chem Ixxxvi. 377.) 

Orthoelase from Carlsbad, Eh. (Erdman, zbicl p. 448 ) 

Chile saltpetre. (Bunsen, Pogg Ann. cxiii 361 —Grandeiiu, Ann. Ch Phys. [3], 
Ixiii. 207 ) 

Pollux from Elba (Pisani, Compt rend Ivii! 714) contains 34 per cent, of 
c.-esium ; in all former analyses of the mineral this had been taken for potassium. 

I?i wgeinhies m,d vegetable -products, rubidiimi alonois found. 

In beetroot and the saltpetre derived from it - — Grandoau (Compt. rend. liv. 460; 
Ann. Ch Phys [3], hevn. 201) — ^Lefebro (Compt rend. Iv 430) 

In tobacco (Havana and Kontneky), in coffee, ten, cream of turt.oi'. 

Ill the ash of the oak-tree, Quercus pubescens, (Von Tliniin, I. pr Chem. Ixxxvi. 
264.) 

Strontmm . — ^The spectra of the alkaline earths are by no means so simple as those 
produced by the alkahs , that of strontium is cliaracteiised hy the absence of green 
hands. Eight lines in the strontium-spectrum are romarkalde— six red, one orange, 
and one blue line . of these the orange, Sr a (45—47 mm.), two red, Sr 0 and Sr y 
(31’5— 33 and SS'o— 34 5 ram ), and the blue hiiu, Sr 5 (104 3—105 6 ram.) 
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The chloride and other haloid salts of strontium give the best reaction, whilst it is seen 
less distinctly with the sulphate and carbonate, and cannot he obtained at all with the 
non- volatile compounds On moistening the bead with hydrochloric acid, the lines are 
teen more vividly , the sulphate must previously he reduced to sulphide by holding 
the bead in the reducing flame, and the silicates must ho fused on a platimim-lonp, 
with carbonate of sodium, and the fused masa powdered, and washed on a plate by 
decantation. The insoluble carbonate of strontnuu is thus obtained, of which one or 
tw'o-tentbs of a milligramme, brought on to a platmum-wire and moistened with hydro- 
chloric acid, suffices to give "the most distinct reaction The strontiiim-lmes do notin- 
terfere with the indications of potassium and sodium ; and lithium can also be detected 
111 presence of strontium when the proportion of the former metal is not very small. 
The lithium-line appears as an intensely rod and sharply-defined line upon a less 
distinct red ground of the broad strontium-band, Sr j3 (Bunsen and Kireh- 
hoff.) 

If the temperature of the incandescent strontium-compounds be greatly increased, as 
when they are volatilised in the intenao indiietion-sparlc, a sudden change in the spec- 
trum IS noticed, especially if a more powerful spectroscope is employed Not only do 
new lines thus become yisible which wore not seen in the flame-spectrum, but the 
broad bands, characteristic of the spectrum at the lower temperature, totally disappeai-, 
and a muss of flue bright Imca supply their place These ore, however, not coincident 
with any part of the band, being sometimes more and sometimes less refrangible The 
lines, Sr a, y disappear in the intense spark, whilst the blue line, Sr S, does not alter 
eitlier in intensity or m position with the alteration of temperature, but four new 
violet linos imike their appearance. An erplanation of this phenomenon of the disap- 
pearance of the broad bunds and the production of the bright lines may be given by 
the supposition that the glowing vapour at the low temperature consists of the oxide 
or other compound of the difficultly reducible metal, whereas, at the enormously high 
temperature of the intense spark, these compounds are decomposed, and the true 
bright lines of the metal-spectrum are obtained (Eoaooe and Clifton, Froc. Maucli 
Society, 1861-62, p. 227) The hnght lines of metallic strontium have been carefully 
mapped by Huggins {he cii.) 

Kirchhoff states in his memoir (Part i. p 11) his opinion that the position of the 
bright bands, or maxima of -light, is not dependent upon the temperature, upon the 
presence of other vapours, or upon any other condition except the choniical constitu- 
tion of the vapour, The iippearimcB of the spectrum may, however, Kirehhoff states, 
he very different under different circumstances “ Even the alteration of tho mass of 
the ineandesoent gas is sufficient to effect a change in tho character of the spectrum 
If the thickness of the film of vapour whose hues are being examined be increased, tho 
luminous intensities of aU the lines increase, but in different ratios. Tho intensity of 
the bnght lines increases more slowly than that of the less visible rays. The im- 
pression which n line produces on tho eye defends on its breadth ns well as itshnght- 
noss Hence it may happen that one line being less bright, although broader than a 
second, is less visible when the mass of incandescent gas is small, but becomes more 
distinctly seen than the second hne when tho thickness of the vapour is increased. 
Indeed, if tho luminosity of the whole spectrum he so lowered that only the most 
striking of the lines are seen, it may happen that the spectrum appears to be totally 
changed when tho mass of the gas is altered Change of temperature appears to 
produce an effect similar to this alteration in the mass of tho glowing vapour, no 
deiiation in the maxima of light being observed, but the intensities of the lines 
inoi easing so differently, that those most visible at a high temperature are not those 
most readily seen at a low temperature” (Kirehhoff). Although this explanation 
of tho changes observed may ceitainly apply to many cases, yet there can he no doubt 
that exporimenta made since the foregoing opinion was expressed, prove that In most 
instances tho changes which occur are sudden, and are due to on alteration in tho 
clii-miciil constitution of the incandescent vapour 

Calcium — The spectrum of this metal is immediately distinguished from all the 
preceding by the characteristic green band, Ca J3 (5/ to 62 6 ram ), and by the orange 
band, Caa (39 6 to 44 mm.). The chloride, iodide, and bromide give tho reaction beat; 
tlie noii-volatilo caleiura-compounda must be decomposed either by hydrochloric acid, or 
by ammonium-fluoride, before the spectrum can be plainly obtained, and then, if the 
quantity of metal present be very small, tho characteristic lines are seen to flash 
out only for a moment as the salt rapidly becomes basic and non-volatile. In this 
way, either by heating the substance alone, or after treatment with hydrochloric 
acid or ammonium-fluoride, the mineralogist and geologist is provided with a simple 
method of recognising the components of a mimite fragment of substances with an 
ease and certainty attained m the ordinary method only by a large expenditure of 
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time and material. Examples of tho applieation of tliew tests are given in Bunsen 
and Ku'chholfs second memoir • tlioso piove that pome limestones contain Ittlnum 
and strontiiim, as iroU as sodium and potassium , and it is protiablo that an exact 
senes of experiments on tho amount of tliose ingroilionts conUmod in these various 
Imiostoiios may prove of tho highest geological interest, both ns regards the order of 
tlioir deposition and tlieir local distribution. Iho calemm-spectriun shows the same 
hind of reinarbihle ch.ingo on increaso of tempcrntiii’e as the strontium-spectrum 
(Kirehholf, liiwarclu's, i. 12); thus the broad hand, C.i /8, is replaced in tlie 
Intense spark spectrum by five fine green hues, all of which are less refrangible than 
my part of the band Ca whilst in place of tho orange band, Ca a, three more 
rofr.uigiblo orango lines are seen. Tho total disappearance in the spark-spectrum of a 
well-defined yellow band seen in the fl.inio-spectium at tho lower temperature was 
strikingly evident (Eoscoe and Clifton). The spark-spectrum of calcium contains 
also two bright hues in tho violet, which may comcido with the two solar lines known 
ns Fraunliofer’s H. (Huggins ) 

Bauum — This is the most comphented of all tho fl,ame-spectrn of the alkalis and 
alkaline earths It la at once distinguished flora all the others by tho green hands, 
Ba a (69 6 to 73 mm ) and Bn (75 to 70 mm ), these are by far the most distinct, 
appearing at the first, and continuing during the whole of tho reaction Ba y (59 to 
G3 mn\ ) is not quite ao distinct, but is stdl a well-marked and peculiar line. The 
chloride, bromide, iodide, and fluoride, as well as the hydrate, carbonate, and sulphate, 
yield the reaction , the silicates must be treated previously with hydrochlorio iieid, or 
fused with sodium-carbonate, and tlio resulting barium-carbonate dissolved in acid If 
barium and strontium occur in small quantities together with liu'go amounts of caleium, 
the carbonates obtained by fusion are dissolved in nitno acid, and the dried salt 
pxli.nisted with alcohol The residue contains only barhun and strontium, both of 
which can bo obnost always detected 

Unless one or more of tlie bodies to be detected is present in very small quantities, 
the methods of separation just mentioned ate quite unnecessary, as a simple luspsotion 
of tlie flanic-speotrum generally exhibits tlie bright lines of the various substances, 
appeariug one after the other in the order of their volatility, and djmg gradually out 
again as the pictures in a dissolving-viow The iibsonoe of any one or of several of 
tEcse bodies is at once indicated by the non-appearance of the coiTcsponding bright 
lines (Bunsen and Kirohhoff) Tho same phenomenon of change from broad 
bands to fine lines on increase of temperature has been observed in tlie barium as in 
the two foregoing spectra. 

The spectrum of magnesium, as well as the spectra of almost all the other 
motals, cannot be obtained by means of the flame, owing to them compounds being 
non-volatile at the temperature of burning coal-gas In order to obUin the spectra of 
those substances, recourse must be had to the method with the electno spark, explained 
hereafter. 

Thathum — ^The compounds of this now metal, discovered by Mr. Crookes (Chem. 
Hews, March 30, 1881) in certain specimens of U'on-pyritos, give when brought into 
the flame, a splendid green coloration, and this yields a spectrum consisting of one 
green line, T1 o (77 6 to 78 mm.), which eomeidos with a part of the green barium- 
band, 8 Whoii examined with one prism, tho extreme brilliancy of this line renders 
the dotection of traces of thaUuim in pyrites easy (see the article THAiniuM in 
this volume, also Crookes, Phil Trans. 1863, p 1731. When tho spark-spectrum of 
thallium IS examined, five lines are observed, lu addition to tho intense one in the green ; 
first n lory faint one m tho orange , next two of nearly equal intensity in the green, 
more refrangible than T1 a, with a third much fainter, these hnes being nearly equi- 
distant; whilst fifth m the blue is a bright weU-defiued line (W. A Miller, Pioc. 
Buy See, 1863, p 107). Gassiot (Proc, Eoy. Sec, xii 536) found that the two 
green thallium- aud banum-lmes do not coincide when examined with a magnifying 
power of 80 

Imhvm . — This motel was discovered by Drs. Eeich and Eichter in tho Preiberg 
zineblendo (Phil Mag [4], March 1864, xxvii. 199). Its compounds are recog- 
nised by tho deep indigo-coloured tint which they impart to flame The indiuni-Bpec- 
tnim is charactorised by two blue lines, which are best seen when a bead of an 
indium-coinpoiind is hold between two electrodes from wlueb a spark passes. The 
hnes In a and In jB fall respectively upon divisions 107 6 and 140 mm of tho pboto- 
grapliiu scale of the spectroscope when Na a =5 60 and Sr 5 = 100 6. The specific 
gravity of the metal is 7 277, and its atomic weight about 37 = In (monatomic) 
(Eoich and Eichter, J pr Chem. xcii 480, seep 268, vol in. of this Dictionary , 
also Strong, Berg- uud Huttonm. Zeit 1866, p. 191 , A. Winkler, J. pr. Chem. 
iciv. 1; Wesolsky, Wicn. Acad Bonelite, h 286, Ma, 1865.) 
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Although Buiifcou and Kii’chhoflf hmo the ment of founding the method of spectral 
analysis, imismuch as they placed it on a complete scientiflc basis, yet previous 
observations on this subject had not been wanting Thus, so long ago as 1752, 
Thomas Melville pointed out the pecuhar nature of certain coloured flames, and 
obsoried the yellow soda-flame, although unacquainted with its cause. In 1822 
Brewster proposed his monochromatic lamp, but the first idea of tins is due to Mel- 
ville In 1822 Sir John Herschol (Phil Trans p 466) investigated the spectoa of 
many coloured flames (muriates of strontia and hme, nitrate of copper, and horacic 
acid), and he wntos in 1827 about them as follows, m the tincyclopiBdm Metropoli- 
tana “ The colours thus communicated by different bases to fliuno afford m many 
cases a ready and neat way of detecting extremely minute quantities of them ” Pox 
Talbot, writing in 1826, mahos the following valuable suggestions respecting those 
spectra “The red fire of the theatres, exammod m the same way, gave a most 
heiintiful spectrum, with many light lines or maxima of light , in the rod these rays 
were more numerous, and crowded with dark spaces between, besides an exterior ray 
greatly separated ftom the rest, and probably the effect of the nitre m the composi- 
tion” (really K a) “ In the orange was onehrighthne, onein the yellow, three in the 
green, a very bnght one in the blue, and several thatwerefainter. . . . If this opinion 
(about the formation of those hues) should prove correct, and apphcahle to the other 
definite rays, a glance at the prismatic spectrum of a flame might show it to contam 
substances which it would otherwise require a laborious chemical analysis to detect.” 

These early observers, however, got altogether wrong with respect to the soda- 
roaction, and hence they cannot he considered in any way to have founded the science 
of spectrum-analysis Thus Horschel says that he found “that when sulphur is 
thrown into a white-hot crucible, a very large quantity of a definite and purely homo- 
geneous yellow light is produced,” aud that “Pr. Brewster obtained the same 
yellow light by sotting fire to spirits of wine diluted with water and heated.” Talbot 
states “ Hence the yellow rays may indicate the presence of soda, hut they neverthe- 
less frequently appear where no soda can bo supposed to be present.” He then men- 
tions that the yellow light of burning sulphur is identical with the light of a spirit- 
lamp with a salted wiok, and states that he is inclined to believe that the yellow light 
which oeourred when salt was strewed upon a platinum-foil and placed in a flame, 
“was owing to the water of crystaUisntion rather tliau the soda ” He is puzzled to 
know why, if this bo the case, the same result is not obtained with salts of potash, he 
then finds that weed, ivory, paper, &c give more or less of this yoUow light, always 
the same in its oluracters, The only piiiiciple which these have in common is water, 
and yet he doubts whether water can cause this yellow hght, as ignited sulphur pro- 
duces the same. At one part of his paper he attributes this yeflow colour to soda- 
sidts, and in iiuothor part he says' “The bright line m the yellow is eaimed witliout 
doubt by the combustion of the sulphur.” Talbot further on states tW tho “ mere 
presence ” of the substance, " which suffers no diminution in consequence,” ns in the 
ease of chlonde of oaloium, causes a red-and-green line to appe,ar in the spectrum. (See 
Kirohhoff, oaBiatory of Sjjeoirum Analysis, Phil. Mag. [4], xxv. 260 ) 

In February 1834, Talbot wntes (Phil Miig.iv.lI4) “Lithia and strontia are two 
bodies ohiiraoterised by the fine red tmt which they commnnioate to tho flame. Now, 
It is difficult to distinguish lithia-red from strontia-red by the unassisted eye, but the 
prism displays between them the most marked distinction that can bo imagined. The 
stiontia-fiame exhibits a large number of rod rays, well separated from each other by 
dark intervals, not to mention an orange and a bright-blue ray. The litliia exhibits 
only one single red ray Hence I hesitate not to say (referring to some experiments of 
Horschel), that optical analysis can distinguish the minutest portion of these sub- 
stances iiom any other with as much certainty if not more than any otlier method." 
In 1846, W. Allen Miller (Phil. Mag [.S], xxvii. 81) published an investigation on 
the spectra of coloured flames, as well as tho dark absorption-hands produced when white 
hght passes through certain gases. Coloured diagrams of the spectra accompany the 
memoir, but, owing to the fact that the flame employed was a luminous one, these 
spectra are not distinctive enough of the partienlai substance to enable them to be used 
as characteristic tests for the metals in question. Amongst the spectra described and 
drawn are chloride of copper, horacic acid, nitrate of strontia, chlonde of calcium, 
and oliloride of barium ; also the chlorides of sodium, manganese, and mercury, and of 
a large number of other metals. 

The first to point out the extreme delicacy of the spectrum-test for soda was Swan 
(Edin. Phil Trans xxi 411), who showed that the reaction could he produced by 
^ etain of common salt. And he concludes as follows . “ Wh™, indeed, 
we consider the almost universal difihsion of the salts of sodium, and the remarkable 
enorCT with which they produce yellow light, it seems highly probable that the yellow 
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presi uce of minute quantities of sodium ” The following literahiie, in addition to the 
memoirs already cited on this part of the subject, may be consulted — (1) Lectuii's 
on Spicinm Analysis, hy Vf . A Miller, Pharm. Joum Fob. 18S2; (2) Ditto by 
H. E. Boaeoe, Cheni. Nows, iii. 163, 170, tbul. v. 218, 261, 287 — Srandenn, 
Inttruciioii pratique xur fAiiah/se Sjiectiale, Pans, 1863 — Dibbits, H. C, lie 
Spiciraa! Ainlysc,' Botteidam, 18G3 (coiitiiinuig an able historicul summary of tlio 
discQveties in the subject) — Monsson, Nwh/kc de nos Conimissanoes aur Is Spectre, 
Arch So N.atur, do Genhre Mars. 1861. 

Rramimtum of the Spcctia of Bodies votatdised in tic JElectrio Spark. 

, This method is applic.iblo not only to all those bodies nhich are non-Tolntilo at the 
temperature of the colourless gas-llaiiio, but also to those which are gaseous at the 
ordinary temperature (.such as hydrogen), and require to be heated by tlie electric 
spaik in order to bo made incandeBceut. 

As the number of hues ivliich become visiblo in the spectnim of the spark is Tory 
much larger than is seen lu the fl.inic-spoctmiii. .i much more perfect and powerful 
spectroscope is needed for these obsorratioiis Fig 771 represents the arrangement 


Fig. 771. 



employed by Kivolihoff in his Researches on the Solar Spectrum and Spectra of the 
Chemical RUments (Maemilhin, London, 1802 and 1803h nud made by Stemheil of 
Munich It consists of a collimator. A, screwed on to a planed circular iron table, 
and eanying the slit, fonned of two knife-edges, the breadth of which can ho regu- 
lated by a micromoter-ecrew. The slit itself can ho brought into the foeus of the 
aohvoinatic ohiect-glass by A rack-and-pinion motion The telescope B, containing a 
similar objective, is fastened to a brass arm movable about the centre of the plate, 
either by the hand or with a mierometer-aciw Between the two objectives four 
flint-glass prisms are placed, the circular refracting surface on eacli is 18 Pans lines 
in diameter, three of them have a refracting angle of 46°, and the fourth of 60°. 
Each of the prisms is cemented on to a small brass stand with three set-screws 
The telescope B, having a magnifying power of 40, has a honzontal motion with respect 
to the brass ami ; it can be movM about a horizontal axis, and can he drawn in and 
out in the direction of this axis, as seen in the figure In setting up this train of prisms, 
flic greatest cure must he taken, in the first place, that the axis of the two tubes are 
in the same horizontal plane, and parallel to that of the iron table , secondly, that 
the refracting surfaces of the prisms are all perpendicular to this piano ; and thirdly, 
th.it the prisms are all placed at the angle of minimum deviation for the rays about 
to be observed (Kirchhoff) A large spectroscopo. containing a powerful train of 
jiiisms, has been described by Gassiot (Proc Boy. See. 1863, xii. 636), and known as 
me Kew spectroscope, and a second, containing eleven bellow prisms, flUed with 
carboiiie disulphide, is also described by Gasaiot (Phil. M.ig [4] xxviii. 69). Wol- 
cott Gibbs (.Sill Am. Joum [2] xxxv. 110) has also described a lai^e speetroaeope 
Fig 772 exhibits the “Qassiot” spectroscope with four flint-glass prisms, as mann- 
fiictured by Mr Browning of the Miujries The arrangement employed by Huggins 
(Phil. Trans. 1884, p. 139), in his researches on the spectra of some of the chemical 
elements, was similar to tli.it used by Kirchhoff, he employed six dispersing and 
one reflecting prism, the total devintion of the light in passing through the train of 
prisms was for the D ray 198°, apd the distance travorsod by the varmei of the 
telescope in passing from one of the D hues to the other was 76". 
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"Wollaston, who discovered the dark lines in the solar spe( 
observe the bright lines ui the spectrum of the eleotne s 
st asserted that the electric spark consisted solely of the mate 
les and of the medium through which it passes. "Wheatsto: 
at the spectra produced by the sparks from, different metals ’ 
conduded that the electric spark results from the volatihsatu 


Fig. 772. 



t the combustion, of the ponderable matter of the poles 
-enoraena were obp‘>’'''“l ixn,».,f„*n«„ /a 

ioport, 1835) writBs : 
reduced by the pole 
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pi'psouce of minute (loantities of iodinm.” The follo-wiiig literature, in addition to tlie 
meniou's already cited on this part of the subject, may be consulted — (1) Lectures 
on Spectrum Analysis, hy Vf A, Miller, Phawn. Joum Peb. 1802, (2) Ditto by 
H. E. Eoseoe, Chem. News, iii. 163, 170, ^bu^ v 218, 261, 287.— Grandeau, 
histtuctton pratique mr tAnatgae Speettale, Pans, 1863 — Dibbits, H. C, J)e 
Spictraal Rotterdam, 1863 (cont.iming an able historical siimmary of the 

discoveries in the subjectl — Mousaon, Eiaunie denos C'omiatssancea sur k Spectre, 
Aceh So. Natur. de Gmi6ve. Mars. 1861. 

Exammntton of the Spectia of Eodies volatilised in the Electric Sparh. 

. This method is npplicnble not only to all thoso bodies which are uon-volatilc at the 
temperature of the colourless gas-flame, but also to those wliioh are gaseous at llio 
ordinary tempemtura (such ns hydrogen), and requiro to bo heated by the eloctiio 
spark in order to bu made incandescent 

As the number of linos winch become visible in the spectrum of the spark is very 
much larger than is seen in the flame-spectrum, a much more perfect and powerful 
spectroscope is needed for these observations Eig. 771 represents the arrangement 


Eig. Ill 



employed by Kivehhoff in his Besearches on the Solar Spectrum and Spectra of the 
Ohemioal Ekments (Macmillan, Loudon, 1862 and 1863), nild made by Stetuheil of 
Munich. It consists of a collimator, A, screwed on to a planed ciroulir iron table, 
and carrying the slit, formed of two kuifo-edgos, tho breadth of which can ho regu- 
lated by a micrometer-screw. The slit itself can he brought into tho foous of the 
aohToniatio object-glass by a rack-and-pinion motion The telescope B, coutaining a 
similar objective, is fastened to n brass arm movable about the oenti'e of the plate, 
cither by tho band or with a miorometer-screw. Between the two objectives four 
flint-glass prisms are placed, the circular refracting surface on each is 18 Pans lines 
in diameter, three of them have a refraeting angle of 46°, and the fourth of 60°, 
Each of the misms is cemented on to a small brass stand with three set-screws 
The telescope B, having a magnifying powerof 40, has a honzontal motion with respect 
to the brass arm ; it can he moved about a horizontal axis, and can be drawn in and 
out in the diiection of this axis, as seen in the figure In Betting up this train of prisms, 
the gieatest c.ire must bo taken, in the first place, that the axis of the two tubes are 
in the same horizontal plane, and parallel to that of the iron table . secondly, that 
the refracting surfaces of tho prisms are all perpendieidar to this plane ; and thirdly, 
that tho prisms are all placed at the angle of minimum deviation for the rays about 
to ba observed (Kirchhoff). A large spectroscope, Containing a powerful train of 
prisms, has been described by Gassiot (Proo Eoy. Soo 1863, xii 636), and known as 
aie Kew spectroscope; and a second, containing eleven boUow prisms, filled with 
carbonic disulphide, is also described by <4 assiot (Ptul. M,ig [4] xxviii. 69). Vf ol- 
cott Gibbs (Sill. Am. Joum [2] xxxv. 110) bos also described a large spectroscope 
Fig. Ill exhibits the “Gassiot” spectroscope with four flint-glass prisms, as manu- 
f.ictured by Mr Browning of the Mmjries. The luTaugeraent employed by Huggins 
(Phil, Trans. 1864, p. 139), m his researches on the speotra of some of the chemical 
elements, was similar to that used by Kiichhoff, he employed six dispersing and 
one reflecting prism, the total deviation of tho light in passing through the train of 
prisms was for the D ray 198°, and the distance tr.ivoused by the vernier of tho 
telescope in passing from one of the D hues to the other was 76. 
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twofold ageptiiim ib alirays soon when we exnmuio the electric spnrk, one set of lines 
being denyed ftum the ignition of the-piirtielea of air or gua through which the sparks 
pass, whilst the second set is caused by the incandescence of the metallic particles 
themselroa.. 

In order to bhtaiti the spark easily and of the reijinsito degree of intensity, a power- 
ful EnlimkorfFs mduction-coil is used (Van dor Willigen, Pogg Ann, cvi. 616 , see 
alsop 4fi8 Tol 11 of this Dietionaiy) , the one employed by ICirchhofif gave, by mo, aiis 
of a modeiMtely powerful battery, a spark 0'3 metre in length, whilst the coil used by 
Huggins gave a spark -3 inches long In order to intensify the spark, the ends of 
tho aocoiidiu-y coil are placed m contact with the coatings of a largo Leydoii- 
jar, 'I’lin electrodes, also of coiu'se connected with tho polos of the secondary coil, 
consist of the metals under examination, either in tho form of wro, or of irregul.ir 
pieces hold by forceps on ii moveable stand Many precautions must bo taken in 
working, especially with two different sots of electrodes, as it has been found that tho 
ourronta of air. eansed by the rapid passage of the electric spark between tho eleoti'odos, 
are sufficient to carry nver to a second set of electrodes, placed at the distance 
of n few inches, a very perceptible quantity of the materials undergoing voUtilis,a- 
tiou Hence no separate observation of the two spectra (at any rate where volatile 
metalbc compounds ate introduced as beads into the spark) can be relied on, unless 
one is made a considerable space of time after the other, and unless all tlie electi’odes 
which have been once used are exchanged for now ones (Boscoe nnd Clifton). For 
further details of the arrangements, the memoirs of lurclihoff and Huggins must be 
consulted 

The positions of the metallic lines have been mapped by Kirchlioff with reference to 
the daik solar lines, whilst Huggins has employed the bright air-lnics as a constant 
scale upon which to note tlie position of the metal lines , but both expemmonters use an 
lU'bitraiy scale of dmsions, by which the hues can be designated The following 
elements were eiamuicd by Kirchhoff 


1, Sodium. 

2, Calcium, 

3, Barium. 

4 Magnesium. 

8 Copper. 

7 Zino, 

8. Chromium. 


9. Strontium. 

10. Cadmium. 

11. Nickel. 

12 Cobalt. 

13. Potassium. 
H. Rubidium. 
16. Lithium 
16. Tin. 


17 Antimony. 

18. Arsenic 

19. Cerium. 

20 Linthnnum. 
21. Didymium. 

22 Mercury. 

23 Sibcium 
24. Glucmum. 


26. Aluminium. 
26. Lead 
27 Silver. 

28. Gold. 

29. Ruthenium. 
80. Iridium. 

31. Platmum. 
32 PiUladium. 


The spectrum of each of these metals contains a laige number of linos, and these 
spectra are much more complicated than the flame-speetra : thus, m the green portion 
alone, there exist no fewer than 70 bright iron hues. Great care is needed, thoreioro, 
in the discrrminiition of metals, altliou^ it is easy for a tiuined eyn to distinguisti 
even such closely analogous motals os lanthanum and didymium, or erbium and 
coriuin. In Karchhoff’a maps many of the metalho lines flguro os broad bands , this 
16 especially the case with the mercury- and zino-speotra 

In Kirchhoff s maps the degree of blackness of the solar bnes, and the reliitvo iii- 
tenaities of the metallic hues, are denoted by different shades of the same colour, whilst 
their breadth is likewise represented in tho drawing. The maps of the two experi- 
mciitors do not agree exactly with each other, because Kiroiihoff altered the position 
of his prisms several times during the measurements, in order to bring the different 
rays as nearly as possible to the point of minimum deviation, whilst Huggins allowed 
the position of his prisms to remain unaltered. The following metals have been mapped 
by Huggins : 

Na, K, Ca, Ba, fir, Mn, Tl, Ag. Te, Sn, Po, Cd. Sb, Au, Ei, Hg, Co, As, Pb, Zn, Cr, 
Os, PJ, Pt 

In both sets of tables, several of the bright lines of different metals seem to 
coincide: when, however, these eases of apparent comeidence are narrowly 
observed in the instrument, most of the lines are found to show real differences of 
refrangibility, bnt the following still remain as unresolved comoidences (on Huggins’s 
maps) • 

Zn, As 909 Na, Ba 1006 Os, As 1737. 

Na, Pb 1000 To, N 1366 Cr, N 2336. 

Future research must prove whether these apparent coincidences are resolved on 
application of a still higher power 

For a description of the individual spectra of these metals, the above-mentioned 
memoirs and maps must be refen'ed to, as it is impossihlo, by a brief description, to 
give any idea of the chai'BOteristie features of the masses of bright linos constituting 
these spoetiu. 
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The long Spectrum of tU Meetrie Stokes (Hul- Trans. 1862, p. 690) has 

examined the spectrum of the electrie apiirk when the lens and' prmms ate nnide of 
qiiarta , this substance nllowB rays of high refrangibihty to pass, wUerehs glass cuts 
them all off These rays are mvisihle to the eye, bnt can he rendered risible 
■when iiUowod to fall on a fluorescent body, such as paper inoistenod witli quinme- 
Bolution (ui. 633). On forming n pure spectrum of the electric spark'from ii loyden 
jar, and receiving it on a highly fluorescent aubafluice, the existence of rays of light 
was revealed, at a distance from the last -visible tiolet rays, equal to aix times tho 
longtli of the whole vusible spectrum Each metal exhibits a peculiar series of these 
bunds, and of all the metolB, aluminium is found to he the iichest in tbe.se rays of 
extreme refrangibility. These rays aet chemically, and photographs of the invisible 
metal lines have been made by Miller (,Phil Trans 1883, p, 1), whilst the same 
observer has determined tile photographic transpaivncy of different media (iii 690). 

Absorption Spectra. — This snbjoct has already been sufficiently discnstod (in G36) 
It only remains to notice a remarkable phenomenon lately observed by Bunsen 
(Pogg Ann cxxxvii 100) in the absorption-spectrum of didylninm. He finds that 
tins spectrum undergoes an alteration if it he -viewed by polarised light, according as 
the ordinary or the extreordiu.iry ray is allowed to pass through the crystal. Bunsen 
also observed dififerences in the absorption-spectra of the vknons didymium-salts. 

PrcQection of the Metal Spectra on a Screen. 

Tile speoti'a of the metals can be thrown on a screen by help of a Diiboscg’s 
electric lamp (li 472) The metal or motallio compound of which it is desired 
to obtain the iuciinde.seent vapour, is placed in a small cup hollowed out m the 
lower carbon , on making contact with a battery of 50 to 60 Grove’s cells, the metal is 
grodually vaporised, and the light passing through the slit and a lens is dispersed by 
two large prisma filled -with carbonic disulphide A continuously bright spectrum can 
thus bo obt.vinod feom the inc,indescent carhon-points alone, and the presence of the 
several metals is indicated by the appearance of ohavuoteristic bright bands In this 
■way the bright bauds of zinc and copper may be beautifully shown by volatilising 
brass, whilst silver, tin, and other metals yield them peculiar bands , the salts ot (hu 
alkalis and alkaline earths, either separately or when mixed together, can also bem.uio 
to exhibit their bright bands The spectra thus obtained cannot, however, ha com- 
pared for purity, fineness of detail, or exactness, with those received on the retinii 
directly from tho cleetno spark, and are therefore unsnited to the purposes of research, 
partly because the optical arrangement is necessarily imperfect, and also because tiio 
impimities (consisting of sodium, lime, &c ) always present in tho gas carbon-points, 
render the spectrum impure. Debray has proposed (Ann Oh Pliys [31, Ixv 331) 
to employ the oxy-hydrogen-fiame as the bouvcb of heat for tho i olatihsation of 
the metals, tho projected spectr.ithue obtained are, however, neecssarily much inferior 
to the electric spectra in hnllianey and distinctness 

Tho spectra of certain solid elements — such us silicon, sulphur, carbon, phospho- 
rus, &c — cannot be satisfactorily obtained by means of the ordinary electric spark — 
either (in the case of silicon, see Kirchhoff) heeauso they cannot he volatilised, or 
because they yield solid oxidation-products, such as phosphoric pentoxide, giving a 
continuous spootrum. These latter elements must be v.iporiBed, and their rarcilod 
vapours ignited by the passage of the mduction-spark through vacuum-tubes 

Exammaiwn of the Spectra of JBodies which aie Gaseous at the ordinary Temperaimes, 
or which lequire to be heated m Vacuum Tubes 

The spectra of the gases can be obtained either — (1) by passing tho electric spark, 
from poles of some metal whose lines are known, through the gas in question, under the 
common atmospheric pressure , or (2) by observing tho spectrum of thoinduetion-spark, 
passing through a capillary tube (by Geissler's tubes, ii 390, 472, &c ) continuing the 
gas in an extremely rarefied state. The first of these methods has been followed by 
Kirchhoff and Huggins {loc, at.), and the second by Phieker. (Pogg Ami 
Marz 1863, vol civ. ; ibid., Aug 1868, vol cv ; ibid, May 1859, vol. cvii, -pn. 497 
638, also Pliicker and Hittorf, Phil 'Trans 1865, p. 1.) 

Spectrum of Atmospheric Air —The aii-lines are present with all electrodes, when the 
spark is taken in air at the common pressure The lines thus obtained, between one 
set of electrodes of platinum and the other of gold, wore observed aimnltaneoiisly , those 
lines common to both spectra can be measured as those due to tho components of air 
The spectrum thus obtained remains invariably conetant, with reference to tho position 
and relative chariictenstica of the linos, with all the different metals The air-snec- 
trum varies as a whole, however, in distinctness, according to the metal employed as 
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electrodes, owing to the difference in volatility of the metals, the air in and about the 
electrodes being more or less replaced by the metallic vapours The aii^sppotrum is 
made up of the spectra of the following components — nitrogen, oxygen, and hydrogen 
(from aqueous vapour). 

The air-lines have ' been carefully mapped by Huggins, and are employed 
by him ns a scale of reference for the recognition of the lines of the metals , 
Kirclihoff has noted on his maps only a few of tlio moat impoitaut air-lmos. Gran - 
dean (Choip. News, ix. 66) has observed the spectrum of a flash of liglitiimg, and, in 
addition to the hydrogen- and nitrogen-lines, he noticed the bnglit-joUow sodium-lino. 

Hydrogen. — The spectrum of hydrogen consists of three bright flue liiios — II a (coin- 
cident with Fratmhofer’s C) in the red, H (coincident with Traunhofer's F) m the 
bluish-green, and H 7 in the violet. These hnes are exhibited both at the ordinary 
and at a reduced pressure If the rarefaction of the gas bo greatly increased, the rod 
Imo H ot gradually dis.ippears, whilst H 18, though fainter, remains well deflneJ Wlien 
the intensity of the spaik is increased, the hands H j8. and H 7 begin to enlarge 
(Pluckor), and when the tension of the hydrogen is increased to 360 mm., and a 
Leydcn-jar is introduced to raise the temperature, the bright lines are seen to have 
given place to a coutmnous spectrum This change is never observed when tho spiuk 
passes through the gas under ordinary pressure, (May this phenomenon not bo due to 
the ineaudeseenee of tlie abraded solid particles of the glass of the flne thermometer- 
tubing, or of the pktmiim-electrodes ?) 

The hydrogen-lines may likewise be obtained by passing tho spark tlirough a 
vacuous tube containing a trace of aqueous vapour, tho water being decomposed. 

Hiirogen — ^The spectrum of nitrogen, taken a spark through air at tiie ordinary 
pressure, is a very complicated one, and especially ehai’acterised by an alternation of 
bright hnes and dark spaeos in the red, and a siiccossiou of bands 111 tho violet With 
pm e nitiogen afew of tho hues of the air-spectrum are wanting, but no new linos appear, 
and the air-hiies which remain in mtrogen preserve unaltered their relative bright- 
ness and their distinctive ebnraeters (Huggins) 

Pluoker and Hittorf have made some remarkable observations on certain changes 
which the nitrogen-spectrum, obtained when tho gas is highly rarofled, undergoes on 
intensifying the current. Thus, like other gases, nitrogen in the state of greatest 
rarefaction does not allow the induction-current to pass ; hut when its tension is only 
a fraction of a millimetre, the current begins to pass, and the gas becomes luminous 
Bolow a certain limit of temperature, nitrogen thus ignited omits a golden-coloured 
light, giviijg a spectrum of bands , above this temperature the colour becomes bluish- 
violet, and a new spectrum of bands appeals If a Leyden-yar be added in the oirouit, 
the temperature rises to a second limit, a brilliant white bght is omitted, and the 
spectrum is again changed to one of bright lines on a dark groimd , and these lines do 
net alter in position on further increase of temperature, though the bnUianoy of all 
does not increase m the same ratio. Those spectra winch consist of larger bands, 
showing various appearances from being differently shaded by fine dark linos, are 
called by Plucker “ spectra of the first order,” whereas those formed by bright lines 
oiik a dark background, or the true spectra, he terms “spectra of the soeoud order” 
The nitrogui-spoetrum of tho second order is doubtless that of the uir-spootriim 
Plucker explains these differences by the assumption of several allotropio modiflcations 
of the element existing at the various temperatures 

0,ii/gen . — It is difficult to obtain all the linos oftho oxygon-speetimm ; some of them, 
however, have been tabulated by Hiiggms. Plucker, opeiatmg as with nitrogen, got 
only one “ secondary” spectrum of oxygen, although the lines appeared to expand so 
as to form a continuous spectrum at the highest temperature. Huggins finds that 
several lines .ire apparently common to oxygon and nitrogen, but be regards them as 
due to the superposition in the air-speetrum of lines of oxygen and nitrogen. 

Sulphur. — The flame of sulphur burnt in common air gives a continuous spectrum , 
if a small quantity of sulphur be introduced into a Geissler’s tube, which is then 
evacuated by a GeissIeifB exhauster and sealed, the sulphur-spootrum is seen on passing 
tho spark if the tube be warmed. A band-spectrum of the first eider is seen at a 
low temperature, but this changes on continuing to heat the tube, and a spectrum of 
bright-coloured lines becomes visible. These two spectra are figured by Plucker 
and Hittorf (loo. eit.). 

Selenium yields two spectra like sulphur. 

FItospJiorus, treated like sulphur, yields a spectrum of tho second order. Tho bright 
lines chaiueteristic of phosphorus ime a triple hue in the orange, and two bright lines 
in the green. These green bands may also bo seen by obsomiig the spectrum of the 
green spot which makes its appearance in the interior of a hydrogen-flame, when 
the slightest trace of a phosphoms-eoinpound is placed in contact with the dissolving 
zinc. (Christofle and Beilstein, Compt. rend lyi 399.) 
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Arsenic also yields a -well-definEd speetram when treated like sulphur and phos- 

Cklorine, bromine, and iodine yield spectra with bright lines, none of which arc 
coincident. Drawings of these three spectra are given in Pliieker and Hittorflfs 
memoir 

In these cases of bodies whose spectra change ftom bands (first spectrum) to bright 
lines (second spectrum) on increase of temperiitura, it is found that on cooling a re- 
combination of the elements oecnrs, and the spectrum of the compound reappears 
(Plueker). Alexander Mitscherlich (Pogg. Ann, exxi. 459, Phd. Mag. j|4], 
xxvm, 109) has examined the spectra of the memeuts and their compounds. He arrives 
at the conclusion (already referred to), that eomponhds whoso vapours can be heated iip 
to iiieandesceneo without undergoing decomposition, yield spectra diflrerent from those 
of their elementary constituents. The salts of the greater number of the metals (as, 
for instance, K, Na, Li, Mg, Zn, Cd, Hg, and Ag) decompose at so low a temperature, 
that the compounds of those metals always yield the metallic spectrum. Certain 
metalhc salts (such as those of copper) require for their decomposition so high a tem- 
perature, that the true metal-spectrum can only be obtained when the solid compound 
IS used as the electrode , whilst other compounds, such as those of calcium, strontium 
and barium, are partially decomposed at the temperature of the flame of a Bunsen’s 
gas-lamp. The spectra “of tho elements consist of bright lines, those of theu: com- 
pounds of broad bauds with narrow dark spaces (see ante), and this division would 
correspond to Plnclcer’s division of the first and second order of spectra. Mitschcrlich 
obeervod (like Plueker) that iodine m the spark shows bright lines, whilst m tho 
hydrogen-liame it exhibits broad bands, and hence be draws certain conclusions 
respecting the probable compound nature of this body. At present, however, we 
know so little of the state of combination into which bodies in the flame may enter 
(possible formation of hydriodic acid, for example) that such speculations seem pro- 
mature. Mitscheriieh has also added some singular and somewhat improbable specula- 
tions concerning a supposed relation between the atomic w'eigbts of the haloid com- 
pounds of barium, and the distance, on an arbitrary scale, read offbetween the chief 
lines of their spectra. 

Carbon — Carbon itself, when ignited, always yields a continuous sjiectrum, but 
the spectra obtained by the combustion of tho various eatbon-eompouiids consist of 
complicated bright bauds, and appear different from one another. Swan (Ed Phil. 
Tians. xxr 41 1 J was the first, in 1866, to examine thehnes in the spectrum of the flume 
of Bunseu's gas-lamp, and of the flames of many liydrocarboiis. In tho blue portion of 
the gas-flume, Swan observed four bright-blue lines, and these lines appeared m the 
flame of a lai'ge number of hydrocarbons, their position remaining unaffected by alter- 
ation in the composition of the burning body, either m carbon, hydrogen, or oxygen. 
Swan adds eai'eful measurements of the position of these lines Attfield (Plnl. 
Trans 1 862, p. 221 ) ex.imin6d tho lines in the non-illnmmating flames of burning hydro- 
carbons , he obtained similar results to Swan, but observed a larger number of lines 
Ho attributes these lines to the glowing vapour of carbon, as all the carbon-compounds 
appeared to give the same spectra Plueker and Hittorf obtained different spectra 
fromdiffereut oarbon-compoauds, especially when their particles were heated in Geisslcr’s 
tubes. They found that all the lines obtamed by aU the various oarbon-compounda 
existed in the cyanogen-spectrum, but they express themselves unable to explain fully tho 
vanous types of spectra of carbon Dibbits (Pogg Ann. cxxii. 497) also found are- 
markable difference between the spectrum of a hydrocarbon and that of cyanogen burn- 
ing in oxygen 

The flame issuing from the Bcssemer-steel converter, and especially that seen when 
tho specular iron is poured into tho molten iron, exhibits the carbon-lines most vividly 
(K os cob) Huggms has observed, that when air contains some quantity of carbonic 
anhydride, sever^ now lines are seen in the air-spectrura, and these coincide with the 
spectrum of graphite , one of the strongest and most characteristic of these is a red lino, 
rather less refrangible than the bydrogan-hne, and this may bo used os a test of the 
presence of carbome anhydride. 

Solar and Stellar Cbemlstry. 

Fraunhofer, in 1814, examined the relative positions of thedark lines observed in 
the spectra of the Moon and Venus (reflected sunlight), and found that m the spectra of 
both these sources of bght, the dark bnes were identical in number and position with, 
those seen in the solar spectrum. Fraunhofer saw in Venus-light the double D lines, 
i also was seen double, and the relative distance from D to E and from E to F was 
the same in tbe Venus as in the Solar spectrum. He also examined the light given 
off by the brightest fixed stars (Sinus for mstanco), and found that hues or bands 



■WRre probcnt ■whicli do not exist in snnliglit, direct or reflected. Amongst the linos 
of Procyon, Fmiinhofer recognised the solnrline D, and in those of CapelLi andBetai- 
geiix he found both D and h, but all the stellar spectra differed in certain respects fiom 
that ol sunlight. Hence Fraunhofer concluded that tlio hnes which we nonce in the 
solar 'spectram ore, in some Way or other, pioduced in the sun, Friumhofor mndo 
another important ohaervation — ^viz., that ot the exact coincidence of the bright 
sodiitra-rme, Ka «, with the dark double solar hue D. These early observations of 
Fraunhofer have lately been confirmed by Miller and Hnggius (Phd Trans, 1861, 
p 418). It was, however, reserved for Kirchhoff (Monatsber. cl. Berlin Atad 
Oct 20, 1859) delinitivoly to explain this coincidence, and tliereby to obtain a key to 
the deterniuiatiou of the chemical composition of tho sun and stars. 

The Bern sal of the Spectra of Coloured Flames. 

In the year 1849 Foucault (Institiit 1349, p 46) obseiwuig the spectrum of the 
electric arc, and comparing it with the solar spectrum, fouud that in both spectra the 
dark double line D was seen, tlie bright (sodium) lines present being eluiiigod into 
dark bauds m the spectrum produced by the light fiom one ot tho carbon-poles which 
had been allowed to pass through the luminous are. This exponmont was in no way 
explained, nor did it attract much attention at the time, and it was unknown to 
Kirchhoff and B.inHen when they began their researches in 1859. 

The mode in whichKirohhoit first obtained the true explanation of this important 
point cannot be given more concisely and olc.irly than in his oivn words (Beseuiohcs, 
pai't 1 p 13). “Ill Ollier to test, by direct experiment, the truth of the frequently 
asserted fact of the coincidence of the sodium-linos with tho hues D, I obtained a 
tolerably bright solar spectrum, and brought a flamo coloured by sodniin-vapoitr in 
front ot'tho slit I then saw tho diu-k lines D change into bright ones The fiiime of 
a Biuisen's lamp threw tho bright sodium-lines upon the solar spectrum with un- 
expected bnlliancy. In order to find out the extent to which the intensity of the solar 
spectrum could be increased, without impairing the distinctness of tho somum-lmes, I 
allowed the full sunlight to slime through the sodium-flame upon the slit, and, to my 
astomsliment, I saw that the dark lines D appealed wi th an extraordinary degree of 
olearnesa. I then exchanged the aimhght for the Drummond's light, giving a continuous 
spectrum When this light was allowed to fall through a suitable flame coloured by 
common salt, dork lines wore seen in the spectrum in the position of the sodium-lines. 
The same phenomenon was observed if, instead of the incandescent lime, a platinum 
twre was used, which, being heated m a flamo, was brought to a temperature near to its 
melting-point by passing an eleetrie current through it 

“ The phenomenon in question is easily explained upon the supposition that tho 
sodium-flame absorbs rays of the same degree of refrangibility as those it emits, whilst 
it IS perfectly transparent for all other rays. This supposition is rendered probable 
by the fact, which has long been known, tW certain gases, as nitrons acid and iodine- 
vapour, possess at low temperatm'es tho property of such a selective absorplSon 
The following considerations show tliat this is the true explanation of the phenomenon. 
If a sodium-flame be held before an ineaudascent platmum-wire whose spectrum is 
being examined, tho bnghtaees of the light in the noighbonrhood of the sodium-lmes 
would, according to the above suppobition, not be altered , in the position of the sodium- 
lines themselves, however, the brightness cs altered, for two reasons m the first place, 
the intensity of tlie hght emitted by the platinum-wira is reduced to a certain fraction 
of its original amount by absorption m the flame, and secondly, the hght of the flame 
Itself IS added to that &om tho wire. It is plam tliat if the platinum-wire emits a 
aufflcieut amount of light, the loss of light occasioned by abeorption m tho flame 
must be greater than the gam of light from the luminosity of the flame • the sodmm- 
Imos must then appear darker than the surroundmg parts, and, by contrast with tlio 
neighbomung parts, they may seem to bo quite bl.iek, although their degree of 
luminosity is necessarily greater than that which the bodium-flame alone would have 
produced. The ahsorpUve power of sodium-vapour becomes most apparent when its 
luminosity is smallest, or when its temperature is lowest." 

If the spectrum emitted by a piece of sodium burning in tho ah' he examined, tho 
true sodium-spectrum will be seen to ho reversed, exhibitmg two dark hnes (D) on a 
background of a continuous spectrum Hera the solid particles of soda give the 
continuous spectrum, and the sodium-vapour absorbs a gieat portion of the yellow 
rays This can be well shown to an audience, and the black absorption-band pro- 
jected on a screen, by placing a small piece of sodium on the lower carbon in the 
electric lamp , by .ippro.aehuig and separating the pel es, this black hue can bo made 
alternately to appear and disappear for tho space of seieral minutes. Another mode 
ui' showing that sodium-vapour is opaque to tbo light which it omits, is to barn a 
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small jet of hydrogen, in which two soda-beads are placed, m front of a large sheet of 
flame rendered yellow by burning a piece of sodium near it. If the small flame be 
now looked at projected on a background of the laige yellow flame, thchydrogen-flame 
appears sin'raiindod by a dark zone, as if it smok^ this is due to the absorption of 
Uie yellow light of tlie large flame, by the yaponr of sodium at the outside of the 
small flame (Crookes) A second method of showing this same property is to seal 
up some sodium in a racuona tube ; on volatihsing the sodium, the Tapour of the metal 
apjiedja colourless h;^hito bght, hut is dark and bpaque when Uluminated by the 

^ Kirchhoff has. In like manner, reversed the red lithium-line In a ; if direct sunhght 
bo allowed to pass through a hthinm-flame, the spectrum exhibits, m place of the red 
litliium-bno, a black, line, which in distmetness hears comparison with the most 
r6m.u-kable of Fraunhofer's Imes, and disappears when the flame is withdrawn. The 
bright lines of potassmin, strontium, caloium, and barium (Kirehhoff and Bunsen), 
and some of the blue lines in the copper-spectrum (Vf. A. Miller) have also been 

Kirehhoff has added to these discoveries a mathematical treatment of the pro- 
position upon which the phenomena are based (^Ueber den Zvsammenhang gwischen 
JSmisbwn, und Abaorptm* von ImM und Warme, 16 Deo. 1860, Monatsberichte 
d Berliner Acad., and Phil. Mag. March 1860) Tliia principle is known as the 
“ Theoiy of Exchanges,” and may he thus expressed . “ The relation between the 
poiver of emission and power of absorption, for each kind of rays (light or heat), is the 
same for aU bodies at the same temperatm’e. From this proposition it follows thot a 
glowing body which omits only rays of certain wave-lengths hkewise .absorbs only rays 
of the same wave-lengths; and from this we learn how the dark lines in the solar 
spectrum reveal the constituents of the sun’s atmosphere,” Ibis doflnite relation, 
whicli exists between the ladiating and absorbing powers of bodies for definite 
descriptions of hght and heat, is thus clearly expressed by Kirchhoflf 

“ Lot H denote the mtonsity of radiation of a particle for a given description of light 
at a given temporature, and let A denote the pioportion of rays of this de,scription 
incident on the particle whidi it absorbs , then has the same value for all bodies at 
the same temperature — that is to say, this quotient is a function of the temperature only ” 

Other physicists had previousily approached very close to the “Theory of Exchanges,” 
asexpressed byKirchhofF, thus Balfour Stewart, uil858 (Trans Hoy. Soe. Emu,), 
oiiuncuited tins priiiciplo completely for tlio boating rays, which indeed £<id previously 
been proposed, first by Prevost, and atterwards by Provostaye and Dosains, 
Stewart aftorwanK (Peb 1 860), applied this theory to the luminous rays, but his pub 
lieation was lafor than, although independent of KirchhofTs Angstrom, especially, 
oaiuo near to Kirchhoflf’s discovery, in his Optwohm Unterauchengen (Phil, Mag 
IX 320), ho states the popositiou that a body “in the state of luoandescanco must 
omit exactly all those kinds of light which it absorbs at the common tempoiature ” 
111 Ins further development of the subject there appar to be some contradietions, hut 
ho concludes by saying that — “lam convineod tliat the explanation of the dark 
linos in tho solar spectrum embraces that of the luminous lines lu the electric 
spectrum.” 

Stokes and William Thomson (Phil, Mag. 1862, p. 168) seem also to have 
e.xprosscd in conversation (although not to have pubhshed), tho true explanation of tho 
cause of the dark D lines, for some years before Kirohhoff’a publication , hut stiU, the 
e'.perimontal verific.vtion and scientific proof were wanting, until the latter physicist 
gave it, partly by his theoretical considerations, and partly by the experiments above 
lefeirod to (SeoBalfonr Stewart, Beporton the Theerg of }Sxohanges,Tint. Assoc 
1801 — Ki rciihoff. On i/ie History of Analyais of the Solar Atmosphere, Phil. Mug 
1 1] ixv. 260 — B Stewart, Beply to Kvrohhoffs Paper on the Bxstoi-y, &a Phil 
M^ [4], May 1863.) 

Enlerwas tho flrstto predict tho existence of the Law of Exehangos, by ossnming, us 
.1 fundamental principle, that a body absorbs all the series of oscillutioiis which it can 
itself assume Stokes (I’hil Mag. 1860), in commenting on ErchhoiF’b discovery, 
illufatiMtes the principle by a dynamical example concerning sound, m which the woU- 
knowu phononionon of resonance is the equivalent to tho eimssion and absorption of 
light. 

On the Comcidence of the B> ight Bays of certain Metals mth the Dark lanes in the 
Solar Spectrum, and the ISmstence of certain Metals in ths Solar Atmosphere. 

The coincidence of the yellow soda-lines with the dark D lino wa.s observed by 
] raunhofor, and Kirehhoff having discovered the phenomenon of the reversal of tho 
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taglit lines, concluded that sodium-vapour is present m the solar atmosphere. lu 
order to dotermiue with certainty whether the bright lines of any other metal were 
coincident with solar lines, Kirehhoff mapped the solar lines with great care, and 
compared their position with tho bright metal lines. Fy. 773 gives a representation 
of his drawings of a very small portion of the speetrnm between b and F, showing the 
coincidences of many raelallie lines In thus examining the two spectra, Kirehhoff 
found that dark lines occur m the solar spectrum in tho positions of all (about 80) 
the bright iron lines, and ho believes tliat each of the coineidoncos thus observed may 
bo at least as well established as that of the sodium-hnos with the D line was up to tho 
present time. Kirehhoff proceeds to calculate, from the average distance between each 
of the lines, and their number, the probabihty that this eomcideiice is a mere work of 


chance; this he finds to he loss tlian (i)™, or less than — — . 

’ ’ 1 , 000 , 000 , 000 , 000 , 000,000 
This probability is luereased by the fact that tlie brighter a given iron line is seen 
to be, the darker, as a rule, does tho corresponding solar line appear Hence this 
coiiicidonoe must bo produced by some cause, and a cause can he assigned which affords 
a perfect explanation of the phenomena It is explained, if we suppose that the rays 
of light which we thus examine have at one time been rays of all degrees of refrangi- 
bilitj', such as we get from the Drummond’s hght, that this light has p.issed through 
tlio vapour of iron , and that this irou-vapour, absorbing exactly the same land of light 
which lb 18 capable of emitting, produces the dark linos which wo observe The 
vapour of iron causing these dark hnes, may he present either in our own atmo.9phere, 
or m that of the sun It is, however, very unlikely that there can be sufficient 
iron-vapour in om atmosphere to effect this alteration, and wo observe that the star- 
light also pa.ssing through our atmosphere dift’ers essentially from simlight, whilst, on 
the other hand, it does not seem luihkely, owing to tho high tcraperutura which 
wo must suppose the sun’s atmosphere to possess, that sueli vapours sliould be present 
in it “ Hence," says Kirehhoff, “ the observations of the solar spectrum appear to 
me to prove the presence of iron-vapour in the solar atmosphere, with as great a 
degree of ceitamty as we can attain in any question of natural science ’’ 

As soon as the existence in the solar atmosphere of one terrestrial olomout has been 
discovered, the comparison of the spectra of other metals is immediately suggested, as 
it is reasonable to suppose that other bodies well known on this earth may in like manner 
bo found to bo piesent in the sun In this way, coincidences were loimd to exist 
between the soloi' hues and those of the following metals ; and although tho number 
of these coincidences for oach of these metals is smaller than was observed with iron, 
yet they are so eharactoristic and distinct, as to leave no doubt of the presence of 
these metals m the solar atmosphere • — 

1. Sodium. 6. Ohromitun. 10. Strontium. 

2 Calcium. 7 Nickel 11. Cadmium. 

8. Barium. 8. Copper. 12. Cobalt 

4 Magnesium. 9. Zinc. 13 Hydrogen. 


There is some degree of doubt about strontium, cadmiiun, and cobalt, either because 
only a few comcidencos have been observed, or because one or more prominent metal 
lines have no dark representative m the solar spectrum. The following elements 
appear to he absent from the solar atmosphere • — 

1. Gold. . 8. Lead 16 Lanthanum 

2. Sliver. 9. Antimony. 18. Didymium. 

3. Mercury 10 Arsenic. 17 Euthenium. 

4 Aluminium.* 11 Lithium. 18 Indium. 

6 Eubidium. 12. Sihcium. 19 Palladium. 

6 Tin. 13. Glucmum. 20 Platmum 

7. Potassium. 14. Cerium. 

Hydrogen has been shown by Anptrom and Pliiekor to be present in the sim’s 
atmosplioro. The cause of many of lio best-known of the Kramiliofer’s linos has thus 
been already ascertained : 

The hue C is caused by hydrogen (Angstrom). 

„ D „ „ sodium (Kirehhoff) 








393 


SOLAR AND STELLAR SPECTRA., 

It IS not, however, to he supposed that the whole of the dark lin* are produced hy 
ahsorption in the solar atmosphere ; there are certain lines or bands whidi are doubt- 
less produced hy ahsorption in our own atmosphere This is ascertained by the fact, 
that these bands increase in darkness, and new ones become apparent when the sun 
approaches the horizon, and the bght has to pass through a deeper column of air. 
These air-dhsorptioii hnos have been studied, and many of tlfom mapped, by Brewster 
and Gladstone fPhil. Trans. I860, p 119) Seveial have also been mapped-by 
Hofmann, and described in KirchhofTs second memoir, of these some were foiiud to 
he coincident with the brightest hnea of the air-spettrum, obtained with tlic spuik 

The increase or otherwise of these atmospheric ahsorption-hnes has been applied 
hy Huggins and Miller (Phil Trans. 1861, p. 420) to the mrestigation of the 
questiuii as to the existence of a lunar atmosphere, not the smallest change could ha 
observed in the lines of the spectrum, either as respects relative intensity, or in the 
addition or disappearanco of any hnes when the moon’s spectrum was examined 
Hence the result of the speotrum-analysia of the bght reflected by tlie moon is wholly 
negative as to the existence of any considerablo lunar atmosphere. The light 
reflected from Jupiter exhibits, on the other hand, a distinct difference, espocioUy from 
direct sunbght, inasmuch as, especially, one hand in the red is scon to appear in bght 
reflected from this planet Hence spectrum-analysis confirms astroncraical observation 
in the conclusion that Jupiter possesses an atmosphere of considerable density 
Some of the lines in Satuxn-hght, although much weaker, appear to be th« same as 
those seen in the speetrUm of Jupiter. Mara does not exliibit the Imes characteristic 
of the atmosphere of Jupiter and Satiu-n; groups of hues appear in the blue portion of 
the speotriun, and these, by causing the predominance of the red rays, may be the 
cause of the red colour which distinguishes the light of this planet. Venus showed 
no additional fines 

In the case of most of tho planets, the solar light is probably reflected, not from the 
planetary siirfiioo, but from clouds at some eleration above it , under such circum- 
stances, the light would not be subjected to the absorbent action of the lower and 
dciisor portions of the planet's atmosphere , and it is precise.ly these in our atmosphere, 
which are most effectual m producing the so-coUed atmospheric lines (Huggins.) 

M Jans son has lately (Compt. rend Ivi. 638, lx. 213) obtained the complete 
.absorption-speotrum of aqueous vapour, by passing the rays from a gas-flame through 
a tube 40 metres long filled with high-pressure steam Ho haa observed the coincidence 
of a very large number of these aqueous lines with hnos obserrod m the solar 
spectrum, especially when tho sun’s altitude is low, and hence ho has provod that 
these atmospheric lines are due to the presence of aqueous vapour. Janssen haa also oli- 
seri'ed the existence of these hnes m light reflected from Jupiter and Saturn, aud heneo 
it appears very probable that the atmospheres of these planets contain aqueous vapoirr. 

A most interesting confirmation of tho accuracy of Kirclihoff’s drawings of tho 
dark lines bus recently been made by Rutherford of Hew York, who has succeeded 
111 obtaining most exact photographs of the solar spectrum, on a scale nearly equal to 
that of the drawings , and on comparing the two, the corrospondeneo of line for line is 
so complete, that it requires a close examination to detect differences which, however, 
are visible on careful luspeotion. 

> For details concerning tho physical constitution of the sun, we must refer the 
reader to the original memoirs, as the questions at issue become purely physical and 
astronomical. The following extract from Kirehhoff’s first memoir must sufflee as 
giving his views on the subject’ — 

“ In order to explain the occurrence of thedark lines in the solar spectrum, we must 
assume that the solar atmosphere encloses a luminous nucleus produemg a contmuous 
spectrum, tho brightness of which exceeds a certain limit 'The most probable sup- 
position that can be made respecting the sun’s constitution, is that it consists of a 
solid or liquid nucleus, heated to a temperaturo of tho brightest mhitenesa, surrounded 
by an atmosphere of a somewhat lower temperature. This supposition is m aecordauco 
with Laplace's celebrated nebular hypothesis respecting the formation of our planetary 
system If the matter now eoncentrated in the several heavenly bodies existed in 
former times as an extended and contmnona mass of vapour, by the contraction of 
which sun, planets, and stars have been formed, all these bodies must necessarily possess 
niamly tho same constitution. Geology teaches us that the earth once existed in a 
state of fusion , and we are compelled to admit that the same state of things has 
occm'red in the other members of our solar system. The amount of cooling which tho 
various heavenly bodies have undergone, in accordance with the laws of the radiation 
of heat, differs greatly, mainly oiving to difference in them masses. Thus, whilst tho 
moon has become cooler than the earth, the temperature of tho sun has not yet sunk 
below a white heat Our terrestrial atmosphere, in which now so few elements are 
found, must have possessed, when tho earth was m a state of fusion, a much more 
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eomplicated composition, aa it then contained all those subattineos 'wincli are volatile 
at a white heat Hie solar atmosphere at present possesses, such a constitution ” 

[On the physical coiiatitiition of the sun, see “ The Heavens,” by Guilloraiii and 
Lockyor (Bentley, 1880), p 17, &c ; Braylcy, in Compiuiioii to the Almanac for 1864 
and 1863 , Memoirs by Carrington and by De la Eue, Stewart, and Loewy.] 

Stellar Chemistry, 

It has alrendy teon stated, that Fraunhofer was aware that the star-spectra differed 
from the spectra of the sun, moon, or planets In 1862 Itonati published diagrams 
of llu'ee or four lines iii fifteen stars (hitaino allc strie degh spettii stdlari, II Nuovo 
Ciniento, xv. 292), lint the position of these lines did nut coiTcspoiid with 
Framihofcr’s resu'ts In February 1863, Huggins and W A MiUer conimunic,itcd 
to the Eoy.il .Society some mcasurisncnts of the lines in Sirius, Aldebaran, aud a 
Ononis, whilst Batherford about thes.inio timemade similar observations (SiU. Am 
.Tom 11. XXXV 711 Secchi (Astronomische Nachrichtcn, 3 Mara 1863) also measured 
a few lines, ns also did the Astronomer Boyal (Monthly Hotices, xxiii. 190). By far 
the most complete and accurate investigation of the steUar spectra is that by Huggi n a 
and W A Miller (Phil Trans 1864, p 413) The investigation was carried on 
at Mr. Huggins’s observatory, and the spectroscope, containing two prisms haviiig each 
a infracting angle of 60°, is fixed to an 8-inch refracting telescope by Alvau Clarke 
In Older to obtain endeiice of tbo presence of dark hues in tbo stellar spectrum, the 
hue of liglit obtained as the spcctiiira of the lumuioiis point required to be spread out 
to a band , this was efifeeted by a cyhndrical lens placed witlim the focus of the objeot- 
gi.iss, and nmnodiately in front of tlio sht of the collimator of the spectroscope. The 
apparatus, when ae[pibted, is powcifiil enough to show tho fine nickel line within the 
doable D line m the solar spectrum A micrometer iiiovomont is attached to tho 
spectroscope, by which the position of tho hues can bo determined to within the 3^ 
2iart of tho distance of A to H 

Snell rae.isurements are, howover, not sufficient to determino tlie ehomical constitution 
of the .stell.ir atmosphero , this e.in only he done by direct oompanson inth tlio metallic 
spectia, and hence orraugenieuts were made for throwing the Lght from a flame or from 
the electric spaik into the instrument, so that the two spectra are seen at once 
The following gives the lesults of careful comparison of the spectra of Aldebaran 
Hiid BcteJgcux (* Ononis) with blight lines of the metals • 


AnnFDAniN. 


Coi Old it El tents 


1 Hydrogen |With 

2 Sodium „ 

3 M.igiiesmm „ 

4 Calcium „ 

6 Bismuth „ 

7. Tellurium „ 

8 Antimony „ 

9 Muremy. „ 


bnes C and F. 
double lino D 
triple line h. 
foiw hnes. 
four hues and B 
four hues, 
four hnes. 
throe hnes 
font hnes 


Non-cmneiiait Elements, 


Nitrogen with three hues 
Cobalt „ two lines 

Tin „ five lines 

Lead „ two lines 

Cadmium ,, three Unos. 
Barium „ two lines. 

Lithium „ one hue 

Seventy lines measured 


Betelqeux I 
Coincident Elements, 

.Sodium with double line D 
Magnesium „ triple hne b. 

Calcium „ four lines 

Iron „ three lines aud E. 

Bismuth „ four lines. 

ThiiUiiiin (?) 

Non-cftincident Elements, 
Hydrogen with C aud F 
Nitrogen „ three lines. 


(o OnioNis) 

Eon-coincideiU Elements (cont.) 
Tm with five linos. 

Lead „ two lines 

Gold(?) 

Cadmium „ three lines 
Silver „ two lines. 

Mercury „ four hues. 

Barium „ two hues 

Lithium „ one line. 

Eighty lines measured. 


Fig 774 is a copy of Huggins imd Miller’s drawing of tlie spectra of Aldebar.ui and 
of Botclgenx (.ImB originul size) 

'Tlia seventy or eighty lines measured indicate only some of the stronger of tbo 
numerous lines which are seen in tho spectra of those stars " Some of these are pro- 
bably duo to the vapours of other terrestrial elements which have not been compared 
with thoso stars. It would be assumption to suppose that the sixty-five so-called 
•elements constitute the entire primary matenal of the nnivciso. Doubtless in the 
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spocti'a of the stars the chemist is introduced to many new elements — would that it 
were possible for him to recognise and to isolate them 1 ” (Huggins ) 

111 only two out of fifty stars examined were the lines of hydrogen, 0 and F, found 
ahbOiit , these are a Ononis apd P Pcgasi' 

j3 Pegaai contains sodium, magnesium, perhaps barium. 

Sirina „ „ „ iron, hydrogen, 

o Lyrce (Vega) „ „ „ „ „ 

PoUux 

ALl the stars which have been examined yield spectra containing dark lines, star 
differing Irom star only m the grouping and arrangement of the numerous fine lines 
which cross their spectra. Hepce the physical constitutiop of the fixed shins resembles 
that of OIU' sun ; the soni'ce of their light is solid or liquid matter in a state of inean- 
descence, and this nucleus is surrounded by an atmosphere of the vapours of such of 
the elements of the star as are volatile at'their high temperature. The results already 
obtained respeeting the chemical composition of stellar atmospheres have an interesting 
hearing upon Laplace’s nebular theory, as these results appear to show that the 
visible universe is composed mainly of the same elementary constituents, many of 
those known on this eaitli being found in the far-distant stars 

Those spectnim-ohservations also load to the presumption, that the well-known dif- 
ference in colour observed in the stars may be caused by a ditSforence in the chemical 
constitution of tiie stellar atmospheres, causing a variation in the absorption of the 
white light of the nucleus, and thus giving a difference in the colom- to the starlight as 
seen by us. 

One of the most interesting and extraordinary of astronomical observations over 
made with respect to the stars has lately been described by Huggins and Miller 
(Free Eov Soo xv 146, May 17, 1866). On the evening of May 15, Mr Baxen- 
doll, of Manchester (an authority on variable stars), observed a new star. " This,”lie 
says, “ suddenly hurst forth in Corona It is somewhat less than a degree distant from 
E of that constellation in a south-easterly direction, and lost night (May 15) was 
fuUy equal in biillianoy to fi Serpcntis or v Hercules, both of the thud magnitude j ” 
niid Mr. Baxendell describes the star as exhibiting a nebulosity, “ as if the yellow of 
the stai' wore seen through an overlying film of a blue tint.” On examining the light 
of the star, Huggins found that its spectrum was unlike that of any celestial body 
hitherto examined The light of the star is compound, and has emanated, as Baxondoll 
surmised, from two sources. Each light forms its own spectrum, and those two spectra 
appear supeiposed in the telescope Tlie chief spectrum is analogous to th.it of the 
sim, ooiibistiiig of dark lines on a bright background, caused by light from a glowing 
nucleus passing tUrongli an ahsoihing atmosphere , the second spectrum consists of 
a few bright hues, indicating that the liglit is formed by matter m the condition of 
incandescent gas. The spectrum of this star is represented m 775. 


Fiff. 776 



The brightest of the bright bands coincided with Fiaimhofer’s F, and therefore with 
the blue hydrogen-hand , on account of the faintness of the red oud of the speetrnm, 
tile comcidouce of the red hand with the red hydrogen-hno conld not be determined 
•witli equal eeitainty, though it is probable The physical constitution of the stiu-, as 
thus seen, must ho very remarkable , it must consist of a solid nucleus and gaseous 
atmospliore, like an ordinary star, together with a separate outburst of ignited gas 
(probably hydrogen) The lununosity of the star quickly diminished, and on May 2 1 it 
had become as low as the eighth magnitude , the linght bands were seen gradually to 
di.siippear, wliilst the other spectrum remained Hence the bold speoulation suggests 
itself that large quantities of gns have been evolved by some vast convulsion , that this 
gas (hydrogen), by burning, was heated to incandescence, and that this heated the 
whole solid m.attor and photosphere of the star, but that, as the hydrugou becomes 
oxliaiisted, all the iihenoiueiia dimmish in mtonsity, and the star rapidly wanes 
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Spectra of the Nebula (Huggins, Phil. Trans. 1864, p. 437). — The special ex- 
amination of the bodies known ns planetary nebnlce has proved that their constitution 
IS totally diffuroiit from tliat of sun, planets, and fixed stars. They are all found to 
yield a spectrum consisting entirely of bi ight linos, without any eontiinious spectrum 
Thus a bright nebula in Draco (No. 4373) gave, on oarefnl ex.imination, a spectrum 
consisting of one bright line coincident with the biightest of tho air (nitrogen) line.s, a 
second less bnlliant line nearly coincident with a green binnim-band, and a tliird still 
more refrangible hue very much fainter, and coincident with oue of tho hydrogen-hues, 
VIZ. P of Praunhofer , a very 
faint and scarcely visible con- 
tinuous spectnnn w.as just per- 
ceived on each side of tho 
group of blight lines, due 
piobubly to the solid or liquid 
matter of the nucleus, whicli 
in this nebula is visible by 
its greater luminosity in the 
centre A second blight ne- 
bula lu Taurus Puniatowbltii 
(No 4390) e.\hibited the same 
spectrum as the hsat-men- 
tionod nobul®, and six other nebultc showed either some or all of these same three hues. 
Of tho sixty nebidm examined by Huggins, about one-thud exhibited these bright 
hnes, whilst about forty, when spread out by tho prism, yielded spectra apparently 
cuutiuuous It IS endout, fiom these obsoriatioiis, that many of tho nebula: can 
no longer bo regarded as iiggregiitious of suns, after tho order to which our own 
sun and the fixed stars belong Wo have in these objects no longer to do with 
a special modification only of our own type of suns, but find oru’solvos in the 
presence of objects possessing a distmet and pcciUiar plan of structure (Huggins). 
A question of gicat interest next presented itself— mz , do those nebulse, which have 
certainly been resolved by the telescope into star-clusters, exhibit a spectrum which 
shows the soiiree of light to ho glowing gas? For this purpose Huggins exomined 
the celebrated nebula m the sword-handle of Orion (Proe Roy. Soc. 186S, p. 39) 
The light from tho brightest part of tho nebula, near the trapezium, was resolved by 
the prisma into tliiee bright hues, similar in all respects to those of the other gaseous 
nebula: When the etire of the tiupezium were brought into the slit, a continuous 
spectrum was at once seen , but the whole of the nebula emits tho same kind of light, 
differing only in intensity. Thus, whilst the evidence ufforded by the largest telescopes 
appears to bo that the brighter parts of this nebula consist of a ” mass of stais,” tho 
conclusions drawn from a prismatic an ilysis of the hght, is that these luminous points 
are not stars, but masses of gaseous matter Couclusions respecting the distance of 
these nebula;, founded upon the erroneous supposition that they consist of stellar 
masses, must therefore he given up, as for at least as concerns the nebulm which are 
proved to bo gaseous. 

Comeii — The light of comets has not escaped the searching investigation of Hug- 
gins’s spectroscope (Proc. Eoy Soc XV 6, Jan. 1866). He finds that tho spectrum of 
Comet L 1866 consists of a broad continuous spectrum, with a bright point about 
midway between h and P in the solar spectrum, and eoiiieident with the bright uitiogon- 
liue observed in many nebulm Hence we learn that the light from tho coma of this 
comet is different from that of its nucleus. Tho nucleus is self-luminous, and the matter 
or which It consists is in the state of igCited gas. As we cannot suppose the coma to 
consist of lucandescont solid matter, the continuous spectrum probably indicates that 
It shines by reflected sunlight, and tlus appears to be in accordance with observations 
on tho polarisation of light in tho tails of some comets. (Bond ) 

MUeurs —Mr. Alexander Herschelhas recently succeeded in observing the spec- 
trum of a bright meteor, and also the spectra of some of the trains which meteors leave 
behind them A remarkable result of liis observations is, that sodium exists in the 
state of luminous vapour m the trams of most meteors ‘ 

The results of the examination of the spectra of the stellar bodies may be shortly 
summed up in the words of Mr. Huggins (Loctnro at Nottingham Meeting of tlie 
British Assoc 1866) • 

1. All the brighter stars, at least, have a structure analogous to that of the sun. 

2 The stars contain material elements common to the earth and sun 
3, The colours of the stars have their origin m the chemical constitution of the 
atmosphei'es which surround them. 


Fig 776 
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i The changes in brightness of some of the variable stars are attended with changes 
in the lines ef absorption of their spectra. 

6 The phenomena of the star in Corona appear to show that m this object at least, 
great physical changes are in operation. 

6. There exist in the heavens true nehulre. These objects consist of luminous gas 

7 . The material of comets is very similar to the matter of gaseous nebulm, and may 
be identical with it. 

8. The bright points of the star-clusters may not be in aU cases stars of the same 

order us the separate bright stars. H. E E. 

SFECUIiAK IBOKT, Syn. with red hmmatite, or native ferric oxide(ni. Si8, 339). 

SFECTTIitrni IMEBTAJi. An alloy of tin and copper, with a small proportion of 
aiaenic, sometimes also containing zinc (See Coppeb, Auloys op, ii. 44.) 

SPBISS. A mixture of the sulphides, arsenides, or antimonides of nickel, iron, 
and copper, which collects at the bottom of the pot when ores of cobalt or lead, 
containing sulphur and arsenic or antimony, are malted with fluxes The term is 
applied chiefly to the nickoliferous product which is obtained in the preparation of 
smalt (p 313), and used as a source of nickel. 

SFEIiTER. A commercial name of zinc. 

SFERniACETl. The fatty substance found in peculiar cavities in the head of 
the speim-whale {Niyseter macrocephalus), also of Ph Tursio and others, and of tlio 
PelpMnus edenlulus, being kept in solution in the spem-oil by the heat of the animal’s 
body, and crystallising out after death. It is freed as much as possible from oil by 
filtration and by treatment with potash-ley, and then melted The fused and solidified 
mass, constituting the spermaceti of commerce, is white, scaly, brittle, soft to 'the 
touch, of specific gravity 0 943 at 15° (0 843 at 60°, 0 824 at 81°, 0 813 at 94°, the 
specific gravity of water at 15° being taken as 1 — Saussure); melting-point from 
38° to 47°; neutral, inodorous, and nearly tasteless 

Spermaceti is also found in small quantity in the blubber of the Palana rustrata 
(Scharling, .T pr Cliem xliii. 267), and, with but slightly different properties, in 
the oil of Prlphinus alohiceps (Chevreul ) 

When spermaceti is freed from adhering sperm-oil by means of cold alcohol, and 
the residue ropoatedly crystalhsod from hot alcohol, the spermaceti-fat (or cetin of 
Chevreul) IS obtained This may be still further purified by cryataUisation from 
boiling ether (i 838). 

SPEBAS-OIE. This oil Occurs, together with spermaceti — from which it is 
separated by mechanical means— in the head of PAyactir maci oeephalu^, &o 

When freed as completely as possible from admixed aperm.iceti-fat, by leaving the 
latter to crystallise out, it is neutral, remains liquid at 18°, is saponified with 
diflleulty by potash, and yields by that process the same fatty acids as spermaceti -fat , 
but instead of ethal, a neutral product melting at 23° (Chevreul, Meclierches, p 287) 
Sperm-oil appears to bo isomeric with spermaceti-fat or cetm (Stenhouse) — The oil 
which rims off from the spermaceti-fat solidifies almost completely at 0°, to a compact 
ligliL-biown mass, in consequence of BtiU rotainmg spermaceti-fat When saponified it 
gives off ammonia, with traces of methylamine, and yields physetoloic acid (iv 634), 
valerianic acid, small quantities of sohd fatty acids, with a small quantity of glycerin. 
(Hofstadter.) 

SFERKATlc FEEID. The sexual secretion of the male, supplied mainly by the 
testes, but receiving some of its constituents fiiom other gUnds {prostate, &o ) — a ropy, 
whitish, neutral or faintly alkaline fluid, of a peculiar odour. It contains remarkable 
miiiiito locomotive bodies called spermatozoa (the essential agents of fecundation), 
swimming, together with speim-corpuscles, mucus-corpuscles, and epithelmm-scales, 
in an albuminous medium. The spermatozoa, which are but very slowly affected by 
processes of decomposition, and whose movements are variously modified by saline 
solutions of various degrees of concentration, and by other chemical agents, are rich in 
protagon, and appear to be composed, in pait at least, of some albuminoid substance, 
but they offer great resistance to leagents, and lose their outlines only in warm con- 
centrated solutions of caustic alkalis. The flmd in which they swim contains an 
albuminoid matter, resembling to some extent both mucm and casoin, to which the 
name of sperrmahn has been given It is coagulated by alcohol, but not by heat ; 
ucetic acid produces a precipitate which is soluble in an excess of the reagent, but can 
be reprecipitated from the acid solution by ferrocyanide of potassium Sperinatin when 
dried becomes insoluble m water, but soluble in dilute aUcalis, from winch it may be 
precipitated by the addition of concentrated solutiens of the alkahne carbonates. 
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Spormatic fluid is rich in salts, capccially in earthy phosphates ; crystals of triplo 
jihosphate very siiecJily appear lu dccompobing spceimnis According to Kollicker, 
lUO paits of tho spermatic fluid of tho ox contain 17‘t)t solid iiiattors, of iihich 15 3 
arc albiiniiiioidand extractives, 2 16 fat, and 2'G37 salts The secretion of the prostale 
of tho dog contains, according toBuxmann (Ilpnlo and Meissner's Bencht, 1S61, 
p 2S6) 9d S per cent of water, 4 5 per cent, and nearly 1 per cent of chloride of 
sodiiiin, together with small quantities of sulphate and phosphate of potaasiiiin and 
ealciuiii M. F 

SPESSAHTIW. Manganese garnet (ii 772) 

SPHSIRIA UBUSTA. This fungus yields (? air-dried) 6 5 per cent of an 
alkaliiiB nail, eontaining feme oxide and a huge quantity of silica Sloilcrately 
dilute hydrochloric acid extracts from tho plant about halt its fixed constituents, 
leaving a dark-lirowii or black residue, which withstands the iictioii of all coiiccntrat cd 
mineral acids (excopit nitric acid), imparts only a slight colour to boiling potash-ley, 
and yields (lined at 120°, and calculated upon the substance free fiiim ash), 61 6 per 
cent C, 4 0 n, 1 2 N, ami 33 2 0 The fungus yields, by dry distillation, an acid fetid 
distiUatc. (A and W. Knop, Pharm Contr 18.51. p. 618) 

SPHJEnococcus lilCHEig-oiSBS. Accoiding to Gonuerraaun and 
Ludwig (Arch Pharm [2] cxi 264), this alga (from Ceylon) contains in its colls 
true starch-grams, whieli are at first coloured yellowish by iodine, and turn blue only 
on warming. 

SPKAO-ErlTlM. A cliib-moss which grows chiefly on pcat-moors, and often 
plays an essential part in tlieir formation Sjph. acuujuhum conUina, according to 
C .Sproiigol (.T teehn Chem xv 32), 3 05 per cent ash (a); according to Vo hi, 
(Ann Ch Pharm cix. 185), tho sumo fiom a high moor in tho Oiuiton of Zurich 
contains 0 82 per cent, of iisli (4) , and Sph. cuipidutum, from Upper Bavaria, 
contains, according to Wittstein (Jahresh 1862, p. 610), 2'014 per cent ash, 
eouiposod of — 



SPHAXiEItXTE. Syu with Blende. (See Zmc ) 

SPHEITE, A calcic sihco-titanate, occurring in monoclinic crystals having tlio 
axes 0,4 0 = 1 326 1 • 0-6678 , angle of luelnicd axes (4, c) = 60° 27' , »P mP 
= 113° 28', oP Poo = 169° 34' Cleavage sometimes distinct, parallel to coP, 
loss distinct, p.irallel to the orthodiagonal and to — P The mineral sometimes 
also oceui'S m.i88iTe, rarely lamollur Hardness = 6—6 6 Spooitio gi-avity = 

3 4 — 3 56 Lustre adamuntine to resinous Colour brown, grey, yellow, green, and 
blade. Streak white, slightly reddish in greenovite Triinsparont to opaque. Brittle. 
Tho yellow vai'ieties do not alter in colour before the bloivpipe , the others turn yellow , 
they all slightly iiitiimescc, and fuse on tho edges to a black enamel With borax they 
vicld a deal- yellowish-giecn glass. The mineral is imperfectly soluble in hot 
hydruchlorio acid, and, if the solution be concentrated in contact with tin. assumes a 
fino violot colour. 

Anali/^es ~a From the St Gothard (Cordier, J. dcs Mines, No Ixxin 67). — 

4 Follicrth.il in tho Pingzau (Klaproth, 216 , V 239). — c Schwarzonstein 

in the Zillerthal: yollow-grcon ; specific gravity = 3 636 (H. Eose, Gilb Ann 
Ixxiii. 94, Pogg Ann. Ixn. 253 ). — d Arendal. brown (Eosales, see H. Eose) — 

Passan 'brown (Brooks, see H Eose)—/ St Miirool, Piedmont. Gieenovtie 
(Delosse, Ann Min [4], vi 825 ) — ff Tho same (Miirignac, Ann. Ch Phys [3], 
XIV 47 ) — h Frugard, Finland, black-brown, spoeifle gravity = 3-46 (Arppo, 
Analyser af finsk. Min. p 34)— i Grenville, Canada blown; specific gravity = 
3 49-3 61 (Hunt, SiU Am J. [2], xv 442) : 

Sihca . . . 28“o 36 32 29 31*20 30 63 30 1 32*^26 31 03 31 83 

'Titanic oxide . . 33 3 46 41 68 40 92 42 66 42 5 38 67 43 67 40 00 

Lime . 32 2 16 26 61 22-26 26-00 24 0 27 65 21-76 28-31 

Feii'ous oxide ... 096 6 06 393 0'76 0 76 

Manganous oxide . 3 2 0'76 

Magnesia 0-08 

Alumina ' . . . , 1 06 

Loss by Ignition ^ , . . (I-, 18 0 40 

9.3-6 98 10141 99 43 10212 99 8 lOO'OO 98 62 ToFM 
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Most of tlieae analyses may bo nearly represented by the formnla Ca"0 ,^02 =“ 
Ca"SiO’.Ca''TiO'', requiring 31 13 silica, 40 4:9 titanic oxide, and 28 38 lime In tlio 
brown varieties of spheiie the lime is partly replaced by ferrous oxide, in the mineral 
from Ai'ciidal to the amount of one-seventh. 

The species was formerly divided into sphene and titamto, the former including 
the lighter-coloured, the latter the brown and black varieties The name sphene is 
denied from a wedge, aUiidiiig to the usual form of tlie crystals. — (heemovite, 
fiom St Marcel, was shown to be identical m crystalline form with sphene by 
Breithaupt (Pogg Ann Ivm. 267) and Deseloizeaux (Ann Ch. Phys [3], xx. 
84). — Ligimte, &om a talcoae roclc in the Apennines, has, according to Dufrenoy, the 
angles and characters of sphene 

Sphene oeeuis in imbedded crystals, in gneiss, granite, mica-slate, and gramilar 
limestone , also in beds of iron-ore, m syenite, as at Strontiau in Argyleshire, and lu 
volcanic rocks, as at Lake Laach, and Andornnch on the Ehine. (Dana, ii 269.) 

SPBETroCXiASi:, A mmeral occurring in parallel layers of vanous thickness in 
a bluish granular limestone at GjeUebhck in Norway. It is of a pale greyish-yeUow 
colour, translucent on the edges, has a splintery^ fracture, and often breaks into wedge- 
shaped fragments when struck. Specino gravity =3 2. Hai'dness nearly equal to 
that of ortiiodase. Pusible. Gives by analysis . 

SIQS. AtsOi. ToiO^ t'nO MgO. MiiO 

46 08 13 04 4-77 26 80 6'26 8 23 

loading to the fomula 3(4M"0.3Si0*).(2ll'''0®.3Si0’). (Von Kobell, J pr. Chem. 
xoi. 344 ) 

SPHEHOIMITS. Shepard’s name for a peculiar mineral resembling sphene, 
which lie supposes to exist m certain meteorites. 

SPBBKOISAS. STATS. See HuxT (lu 88). 

SPHBROSIDERITS. A variety of native fen'ouB airbonate, oeeurring in 
greenstone at Hanhau, Steuiheim, Dransberg, and other places. 

SPHSROSTXI.BITE. See STiLniTn. 

SPBERUXiXTE. Ktdneyetonc. These names are applied to certain spherical 
granules oeoiuring imbedded in pitcbstone and pearlstone They are of grey, yellow, 
or red colour, with little or no lustre, translucent or opaque, and have a splintery 
fracture, hardness = 7 speeiflo gravity = 2 4 to 2 6. Analysis by Erdmann (J. 
techn Ohem. xv 32), 77 20 per cent SiO^ 12-47 AP0‘, 2 27 Po‘0*, 3-34 CaO, 0 78 
MgO, 4 27 Na-0 end K’O (= 100 28). 

SPIDER. Spider-tlireads appear to consist essentially of the same substance as 
silk and gossamer-threads, viz. sen cm (p. 236) — The excrements of the spider oon- 
tinn guanine. (Handw. d Cliom. viii. 99.) 

SPZOBBIA, A genus of plants belonging to the gentianaceoiis order. Sp anthcl- 
mintica, a South American annual, contains, according to Eeueulle (J. Pliarm ix 
197), in the leaves, together with fixed oil, and in the root together with volatile 
oil, an amorphou", very bitter, nauseous substance, soluble in water and in alcohol, 
to which ho attrilmtcs the anthehnintie action. Kicord-Madiana (Braudes, 
Ai'cluv XXV 28), on the other hand, did not find any such substance. 

SPIKE-OII.. Oli'um smecs . — A volatile oil, obtained by distilling LavaniJida 
(Sjiica with water. It has a less agreeable odour than true lavonder-oil, is epeciflcally 
heavier, and is said to deposit a larger quantity of camphor. According to Gastell, 
spike-oil IS obtained from tlic leaves and stalks, true lavonder-oil from the flowers, of' 
several species of Lavandula. Spike-oil is frequently adulterated with oil of 
tuipentinc, which may be detected by its smaller solubility in alcohol According to 
Gastell, piu'6 spike-oil does not require more than 8 pts alcohol, of specific gravity 
0 894, to dissolve it. 

SPZXiAn'TBES OBBRACBA. An annual synantheroiis plant, indigenous in 
India and m South America It has a sharp taste, apparently due to the presence of 
a volatile oU. The alcohohe tincture of the leaves and flowers is known as Paraguay 

Spdanthes tincioria contains a substance which yields indigo on exposure to tho 

BPIXTACH. Spinacta oleracea — The leaves of this well-known culinary herb, 
belonging to the chenopodiaceous order, contain, according to Braeonnot, acid oxalates, 
m.ilatcp, and phosphates Eichurdsoii (Jahresb. 1847, p 1074) found in tho air- 
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dried plant 2'03 per cent, asli; and Saalmuller (Ann Ch. Pbarm. Inii. 3S9) found 
in the plant, dried at 100°, 10 7 per cent ash, containing; 

K'O m^o. CaO. MgO. SOS. Sloa rK)» ro"'PO<. NnCl. Fo^O’. 

97 sao 13 1 6 3 9 3 3-1 7 9 8 7 7 9 . . Eiclmrdson. 

23 4 24 -O 10-fi 76 44 59 80 .. 12 8 21 Saalmullor 

SFIN’DIiE-TBSS. ISuonymus eutopaiis. A colastmccous tree, the light ivood 
of ■winch yields good charcoal for gunpowder Tho rod aoed-capsiilos have a saline 
taste, and contain grape-sugar, cenn, tannin, resins, citric acid, &c, Tho orango- 
coloiired soed-conting contains a fat oil, which diesolvca out tho colouring-matter when 

The roso-cofoured shell of the seed contains tannic acid, q;un\, mineral constituents, 
&c , the kernels contain 3'9 per cent resin and 28’1 fat oil, together with emnlsui, 

SFIM-SItE-TKBB OIIi. The fatty oil expressed from the seeds of the 
spiiidle-tiee is clear, mseid, rod-brown, ypUow in thm layers, has a repulsive odour, 
and a hitter taste, -with irritating after-taste Specific gravity => 0 938. It ig 
sparingly solnlla ill alcohol, easily in ether It solidifies between 12° and 18°, a oon- 
siderahlo portnu of the colonrmg-mattor separating out with the fat, and remaining, 
if the oil is coiofully melted, in beautiful rod granules on tho sides of tho vessel. 

Tho oil coiitnms, in addition to tho colouring-matter, a bitter resin called by 
Riodersr (Buchnev’s Bepert [2], xliv. 1) Bj>mdle-iree bitter or cuonynan\ also 
volatile acids By tho saponification of the tat-oil, Schweizcr (J pr Cliem. lin, 
437) obtained oleic imd miirgaric, together with acetic and benzoic acids, tho last two 
remaining m tlio undor-loy nfter the saponification of the oil 

Spindle-ti'oe oil is prepared chiefly in Switzerland, where it is used for burning in 
lumps, and for destroying vermin in the hair of mon and animals, also as an application 
to wounds. 

SPIKEXi. SpmeJU, including Ceylamte or Pleonaste, SpinelU Ruby, Salas Ruby, 
Almandine Ruby, Candiie, Galmite or Auiomohie, SysluiU, Sercimte, Kmttomte, 
Chlorospmel — A mineral species represented by the general formula M"0 B®0“, 
in which M" •= Mg, Fe, Cn, Zn, and Mn , and B.'" = Al or Fe The erystalhuo 
form IS monomotric, goner.illy the cube, rhomhio dodecahedron, and lutonnedmto 
forms, also with cubic fnces (CnTSTAinoGEiPirr.lf^s. 172, 174, 176, 176, 178, 109, 200 ) 
Cleavage octahedral. Twins hke>y 319 (n 160). 

Hardness = 8 Specific gravity = 3 5 — 4 9 Lustre vitreous. Colour red, 
especially carmine-red, also hhiish-red to blue, brown, or yellow, pure magnosio 
nlumiuate, MgAl’O', is colourless. Transparent to nearly opaque. Fracture con- 
ohoidnl, brittlo. Infusible before the blo-wpipe. Insoluble in acids, but becomes oom- 
plotely soluble after fusion -with acid potusaic sulphate Gives 'with fluxes the 
reactions of iron, and occasionally of chromium. 

The name spinel is restricted by Eammolshcrg and others to the vnnetios eonsishng 
of nearly pure magnosio aluminato, and haimig only a small proportion of the magnesia 
replaced by ferrous oxido, while those in winch the proportion of iron is Inrgor are 
regarded as forming a distinct species, culled Ceylamte, Pleonaste, Candtte, or Cliryso- 
melane’ they all, however, crystnlhso in tho sumo forms, and the gradations of chemical 
composition are not very sharply defined 

Pure magnesian spinel, MgO.Al-'O", would contain 71 97 per cent, aluminium and 
28 03 magnesia. Bed (precious) spinel from Ceylon contains, according to Abich’s 
analysis (corrected by Eamraelsberg), 70 43 ahimin,a, 1 12 cliromio oxide, 26 76 mag- 
nesia, and 0 73 ferrous oxide , blii^ spinel from Aker in Sweden contains, according to 
tho sumo authority, 70 63 alumina, 26 31 magnesia, and 3’67 ferrous oxide. Precious 
spinel IS distinguished by several names, according to its colour, the deep red 
variety being called ruby spinel, the polo red halos ruby, the brownish-red (from its 
resemblance to some garnet^ alniandme ruby, and the yotiowish-red rubicelle. 

The following are analyses of tho more ferruginous varieties, coylanite or pleouastn 
{RammeUbeig’s MmcrcUchemie, p. 162)' 

A. Containing all the von as Jh i ous oxide — a Harmalain Finland (Thoreld) — 
b. Barsowskoi, near Kysclitimsk in tlie Ural (Abich). — c Tuaabovg in Sweden : dark- 
green(A. Erdmann)— <7. Bonsperg in Bohemia, ISiimniti; (Quadrat). 

B. Containing ferric as well as ferrous oxide.~a. Vesuvius (Abich).— 6 Franklin, 
New Jersey large greenish-black octahedrons, accompamed by red ziue-oro and 
calcspar (Vogel) — c. Stnlgrabe, near Arendal in Norway (Schoerer) — d. Ceylon 
(C Gmelin). — e. Iseruiose in the Bicscngebirge (Abich)- 
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Alumina 
Fome oxido 
Fenous oxide. 
Mngiieau . 
Ziuc-oxido 


Gahnite oi' AiiioTiwliU, from Fnliluu in Sweden, is a spinel in whieh the magnesium 
IS IV holly or in grout part replaced by sane (u. 767). 

Kmttnnite la n black spinel, of speeifio gravity 4-49, nearly alhed to g.ihmte, 
and eont.uuing, .iceording to v Kobell, 49 62 per cent. A1“0’, 18‘48 Fe^O’, 26'67 ZnO, 
S 40 MgO, and 1 44 MuO (= 99 61) 

Dyslmte (u 360) from Stechng, Now Jersey, is a femco-alurainate of zinc and man- 
ganese, containing 30-49 per cent. A1*0» 41 93 Fe'O", 16 80 ZnO, 7 60 MnO, 2-96 
silica, and 0 40 water. (Xhonison ) 

CUorospind is a grass-green spinel from Slatonst, of specific gravity 3-591 — ■ 
3 694, containing, according to H. Rose 

Al->0> Fe^O^. MgO CuO CaO. 

64-13 8-70 28 77 0 27 0-27 = 100-14 

57 84 14 77 27-49 0 62 . . = 100-22 

Spinel occurs imbedded in granular limestone, and with calcareous spar lu serpeii- 
tine and gneiss , it also oeoupies the cavities of volcanic rocks. In Ceylon, Siam, and 
other Eastern oountrios, it oeours of beautiful colours, as rolled pebbles in the channels 


. 67-00 66 96 62 96 61 17 88 31 67 01 6812 69 00 61 30 

3 37 2 47 1141 10 54 7-09 

. 11-88 11-33 23 46 35 67 2 06 8 56 11 88* 11 86 13 42 

. 19 00 18 03 13 03 2 92 26-26 21-97 18-59 18 60 1819 

1 38 

100 16 99 31 99-44 99 76 100-00 100 00 100-00 100 00 100 00 


A blue variety of nosean (iv. 136). 

SPIWTHEWB. Syn. with Sfhbne (p 398). 

SFISJEA UIinZAEIA. Meadow-micci — The flowers of this rosaceous plant 
yield by distiUatiou with water, a volatile oil consisting for the most part of salicy- 
lul (p 167), which liovvover appears not to exist roady-formcd in the plant, but to be 
produced by the action of water , it contains also a ueutud oil (likewise obtained by 
agitating the distilled water with ether), composed of 71 2 per cent carbon, 10 1 hydro- 
gen, and 18 7 oxygon, and a eamphonudal suhstanco, whioU crystallises lu -whitu 
nacreous scales, and remains solid at ordinary temper, itiu-es 

When the dried flowers of meadow-sweet are oxEuisted with ether, a oolom-ing- 
matter called spirEcin is dissolved out, together with fat, wax, traces of a neutral 
volatile oil, and a volal ile acid, but no salieylol. The volatile oil is the same that is 
obtained, together with sahcylol, by distilling the flowers with w.iter The volatile acid 
just mentioned is found alsoin the watery distillate, it crystallises iii coloiuless needles, 
dissolves easily In water, with diflficulty in ether, and colom-s ferric salts red (Ilaudw. 
d Chem. vui 100 ) 

SFXKJBIKr. (Lowig and Weidmann, J. pr Chem xix 236) — The yello-w 
colouring-matter of the flowers of Sfiiriea ulmana, whence it may be extracted by etlier. 
The ethereal solution is precipitated by water, the precipitate is dissolved in hot aleo- 
liol, winch on coohng deposits a quantity of fatty matter , tho filtered liquid is 
cvapoiated, and ihe spirieiii tlierehy deposited is dissolved several times in alcohol 

Spu'orm thus obtained is a yellow crystalline powdei, insoluble in water, very soluble 
in ether and in alcohol ; the solutions are of a deep green colour when concentrated, 
yellow when dilute, and redden litmus shghtly. Spimsin is not volatile without 
decomposition It gave by an.i]ysia 69 62 — 59 94 per cent carbon and 6 32 — 5 14 
hydrogen, wlieiico Lovng and 'Weidmann deduce the formula G““II™0'*, requiring 68 6 0, 
4-9 H, and 36 6 0 Gorhardt suggested which however does not agree so 

well with the analysis. 

Hot concentrated Kitnc acid dissolves spirmin, formingared solution, and decomposes 
it only after prolonged boiling, but without foi-mation of oxalic acid It dissolves 
without alteration in Mlphnnc aoid, and is precipitated therefrom by water. Hydi-o 
chloric acid has no action upon it — ^With hromim it forms a red mass, consisting of 
several substitution-products — When oxidised by c/i omm and, it yields formic and 
carbonic acids — It dissolves with yellow colour in c.iiistic alkahs. decomposes-potossm 
cm bonate when heated, and in precipitated from its alkaline solutions hy acids The 
same solutions turn brown and decompose on exposure to tho air 

The alcoholic solution of spirasm forms yellow precipitates with iaiji(a-«iatei-, bii7- 
phatc of aluiHlnumi, and fartar-cvictio , with acetateq/’fcad a crimson precipitate, which 
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■blnekeiis on drying ; ■mth /07 oiis salts a dark-gi'cmi. mth/cmc salts a black precipitate , 
'Siith aim-salts mixed with a little ammonia, a yellow precipitate soluble in exeosa of 
ammonia , with oupi h salts a grtiss-grcnn precipitate ; with mit atcof sil ver on addition 
of aminoiiia, a black prceipit.ite insoluble in ammonia , with inemirous n itrutc a yel- 
lowish-bi'oivn precipitate which soon becomes dark-brown, no precipitate with 
mercuric or platinic chloride 

SPIKIT. Spiiitiis — The word spirit was used in old chemical language as a 
goiierie name for liquids obtained by distillation At the present d,iy it is .(pplied in 
ordinary laiigiiiige chiefly to othylie alcohol, 11111011 is called it of wine, and methy- 
lic alcohol, 11 Inch is also called wood-spirit In jjharmaceiilieal luiiguago it is still used 
as agciieiiennme foi aromatic alcoliolie distiUiites and cei tain alcoholic solutions — e g , 
Spiritus cocltlearKS, Sp tavaiidideB, Sp. camphoralns, Sp. saponatiis. 

S2nriius abstraptiis, Sj} aromatious —These names, especially the latter, are applied 
to odoriferous products obtained by distilling yaiioiis substances mtli niodciately 
strong (iqiiooiia alcohol , they are further distinguished ns Spinius aronuiticus simplex, 
and mmpositiis 

S2niiiusaceiidulcifieaius,a Sp.dulcis) or Liquor anodinm vegttahilis A solution 
Bpintiis act two-Hlio oils ( of acetic ether m alcohol 

Spiuins Airvginis, s Bp Veneris, Spirit of Verdigris, — An old name of the con- 
centrated aootie acid obtained by distilling crystallised cupric acetate ( 1 . 10). 

Spiiiins aiomaticus, b Sp. aistraeiiis 

Spintus Ccue, Spint of Wax — ^Tbe watery liquid containing empyreiimatio oils, 
acetic acid, &o , obtained by the dry distilhitiou of wax. 

Spinius Conm Ccivi, Spirit of HartAiorn — The solution of impure ammonnim- 
carbon.ite obtained by the distillation of animal matters (1 190) 

Spintus Minderen — An aqueous solution of ammomiun-acot.ite (1 13) 

Spintus muritttieo-teiluieus, s Spinius Salts dulets, Sweet Spirit of Salt, Heady 
Hydiochhiie Ether, — Tlio product obtained by satiir.itiiig iilcoliol with hydi’oohlorio 
acid and distilling it oier peroxide of manganese, or by distilling a mixture of alcohol 
and sulphuric acid over a mixture of common salt aud peroxide of manganese (li 532). 
Spii itus mvi laticiis — Hydrochloric acid. 

Spintus intin-acidus — ^Nitric acid. 

Spintus nitio-ietlwieus, s. Sp didcis. Sweet Spirit of Nitre . — (See Nitkous Ethees, 
iv 76) 

Spintus rector — Boerhayo supposed that yolatile oils were eompounds of resins, 
with a peculiar odonferons eiibst.iuee which he called by this name 
Spintus Sail aiitmoniavus, Sainnalgeist — Aqueous ammonia 
i^iniiis Saks diilcis—&oa Spintus murwiico-atliemis 

Spintus Saits fumans, or Sp. Solis fumaiis (xlaiiben — Enming hydrochloric 

Spiriiits mdphurico-dtlicreiis — Common ether containing alcohol 
Spintus Siilpltuns per eainpanam — Obsolete name for aqueous sulpliiiroiis acid, 
Spintus Siiiplmns, s Sp. sulphuratus mlatile Bigiimi — A solution of yarioiis 
polyBulplndos of aminomnm, strong enough to fume in' the air (1 194) 

Spii litis sylveslris. Gas syivestre — ^An old name of carbonic anhydride 
Spintus Tarlai i. Liquor pyrutartancus — An old name for the brownish empyreu* 
mafic liquid, containing cmpyrenmatie oils, pyrotartaiie acid, acetic acid, and (ac- 
cording to Gobel) formic acid, obtained by dry distillation of tartar 
Spintus Vuieris — See Spintus An vginis 
Spintus Vint, Spirit of Wine — ^Aqueous alcohol. 

Spintus Vltnoli — Ddutc .sulphuric acid. 

Spintus Vitnoii couguiabilis — ^An old name of potassic sulphate 


SPIBOSTRA. QUIWEWA. A fiesh-water alga, which contains 97 6 parts 
w.iter to 2 5 dry siihst.nice, the latter cohtaiinng 7 5 per cent nitrogen and 0 8 ash The 
ash yields 36 8 per cent carbonates and snlpbiitcs of the alkali-metnls and clilorido ot 
sodium, 1 5 ciirhoiiato of caleiiiiii, 9 8 carbonate of magucsium, 18 1 jiliosplinto of 
caleiuui, 3 4 phnsphate of magnesium, and 31 6 silica, with traces of ferric oxide. 
(H.iiidw d Clicm yiii. 150 ) 

SPIBOli. A name applied to phenylic alcohol, boe.auso it may be obtained from 
spu'oylio (siibcylic) acid, ni tha same way as benzol from benzoic acid. 

SPIBOVI.. Lowig’s name for the radicle C’H’O* (more gener.illy called salicj/l, 
or sulwosyl), which may be supposed to exist m oil of spirsea (sahoylol). (See pp. 150, 

SPIBOTIilc ACID. Syn. with SaLicYT.io Acid. 

SPIROVX.OVS ACID. Syn. with SALiaYuom 



SPIIiTL— SPONGE. 40S 

SPZRYIi) BPIRVliIC ACID, &c. Names given by Berzebns to Salicyl, 

Saheylie acid, &c 

SPyiEEN. The largest of tlie “vascular” or “ducUoss glands” of tho body. 
Besides .illmmiiioid matters (among them one precipitable by aeetio acid, and eon- 
Uining much iron, possibly os phosphate), pigments, fats, and eholesterin, there have 
been found m the spleen, formic, acetic, butyric, lactic, succinic, and uric acids (the 
jiueo of spleen is acid), inosite, sareme, xanthine, leucine, and tyrosine. In 100 paifs 
of spleen are found water 74'031, organic matter 24 806, inorgamc matters 1 103. 
The following table (from Ludwig) gives the percentage composition of the ashes 
of spleen, according to Oidtmann: 

Cl. P“0>. SQI. 3102. K20. lira«0. CaO. MgO. Fe^OS MnO. CuO PbO. 

Man •66 27 11 2-64 -07 9 19 43'SO 7-60 -30 7-27 ‘08 -01 

Woman 1'31 18 87 143 -72 17-11 35’12 7 26 1'02 16-20 -04 -40 -03 


Infant 33 03 9 63 -60 -95 43 87 3 36 20 

SPZ>INX-COAXi. A hard kind of coal having a hro-wn-hlack to deep black 
colour, i-csmona lustre, splintery cross-fracture, and uneven principal fracture • it is 
less easily inflammable than caking coal, but, when once set on Are, burns with a 
bright flame and great evolution of heat. 

BFOSUIXEKri:. Triphtme Sweduh Zeolite — ^A silicate of aluminium and hthaum 
(potassium and sodium), occurrmg in monoelinio prisms, isomorphoiis with nugito, 
especially -with diopaide Angle of inchned axes = 60° 40' ; ooP • ooP = 87° , oP 
[2PCC ] = 130° so’. The crystals are usually large, exhibiting very perfect cleavage 
parallel to ooP oo , distinct ^so parallel to cpP , in ti-acos paiallel to [P<» 1 : seen in 
sti-ice on [ ooPta ] Twins occim -with face of composition parallel to ooPoo . The 
mineral also occurs in cleavable masses. 

Hardness = 6 5 to 7 Specific gravity >= 3 132 — 3 137 (Rammelsberg) Lusti-o 
pearly, vitreous on the eross-fr-actnre. Colour gi-eyish-green, passing into greemsh- 
white and greyish-white, rarely faintly reddish. Streak uncoloured Translucent to 
suhtransluoent Practure uneven. Before the blowpipe it loses its transparency and 
colour, intumesoes, and melts to a glass globule , gives the roactious of lithia 

Analyses (Eammelsberg's Mineralchesnie, p. 600) — 1 Island of Uto, Suderman- 
laud, Sweden Specific gravity = 3 133 (Rammelsberg) — 2, Storzingmtho Tyrol 
speoiflo gravity = 3 137 (R ) — 3 Steihug, Massachuselts ; specific gravity = 3182 
(Brush), 3 073 (R ). — 4. Norwich, Ma.ssuchusetts. specific gravity = 3 18 (Brush). 




The aualysoe by Hagen and Rammeleberg lead to the formula 3(Li°0 SiO*) 4(AVO*. 
3SiO-), the iitliia being partly leplacod by potash and soda A pure lithia-spodumene 
thus enraposed would contain 64 98 per cent sihcn, 28 88 alumina, and 6 14 lithia. 
The Noilh American specimens, except the last, hod undergone some decomposition. 

Spodiimenn occurs also at Lisens lu the Tyrol, at Kilhney Bay near Dublin, 
aud at Petorheiid lu Scotland , also at Goshen and other localities in massachusetts, at 
Windham in Maine, aud Brookfield in Connecticut 

SPOKTErE. Sponges are organisms living m water, and conaiating of a soft 
gelatinous mass, mostly supported by an mtornal skeleton composed of reticular 
iinastomosiug hairy fibres, m or among which are usually imbedded calcareous or 
sometimes siUcieuS spiculm. They are found adhering to rocks, chiefly in the Medi- 
terranean, where they are collected by divers, and treated with hydrochloric acid to 
remove the lime Two or three species are found m fresh water 

Sponge has, by some nntiualists, been refened to the vegetable, by others to the 
animal kingdom , of late years, however, tlie evidence has appeared to he conclusive as 
to its animal natm-e 

dd2 
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SPONGIN'— STALAG310METER. 


The organic matter of "ipoiiges was fornirrly regarded im identical with horny tiRStiP, 
tiUPosselt (Ann. Ch Pliarin. xlv 102) mid Croofcewit {ihid xlviu 43) Bhow'd 
that it cxhibids, in many respecN, the haiiio elmracteia as the fibroin of silk and of 
gossanioi'-threnda. Stndoler, however (ilm! cxi 12), has slioivii that the orpniiio 
matter of Bilk, when treated avith anlplmric iitid, yields luiieiiin and tyrnsiiio, whereas 
that of sponge yields leiieiiio and glycoeiiie, willmut a trace nf tyrnsiiio he aci’oiiliiigly 
deaignates thu oiganic matter ot spoiiges as spuiigin, restricting the name tibrnin 
to that of ailk and gossamer-threads Sdilosshergi r, on the otlier liaiid, designates the 
former as fibroin, the latter as soriciu In some spoiigcb, the fihioniib eoiubnicd 
with lodme, sulphur, and phosphorus 

Charred or Imriit sponge, Spnngia tista, has long heen used in medicine , its action is, 
doubtless, to bo attributed to the lodiuo winch it contains Herborger found lu it 1 lb 
per eent. potiissium-iudije, 0 702 potassimii-broraide, and traces of cupric oxiile 
Prouss found 2 11 per cent KI, and O'Tfi KaJlr In preparing burnt sponge, caie must 
bo taken not to employ too high a temperature, as a loss of iodine may thcioby bo 

SPONOIW. Stadelsr’s name for the org.iuie matter of spougo. Ho prepares it by 
exhausting the sponge, cut up into small piocus, with dilute hyilrocbloiic acid, then with 
weak soda-ley, washing it thoroughly, and drying 
SPRAT. O/itpea SprattM , Fr Ei>pict, Ital Sardino — Those fishes, when pressed 
and dried, contain, in 100 parts, 01 parts water, IS) fat, and l'S)4 nitrogen, equivalent to 
12 3 Per cent, albuminoidiil snbstaiico They yield 2T per cent ash, containing, 
according to Way (Jahresh 1840, p. 0o8) . 

K^O Nnio CnO MbO ro'Ob bO’ SiO= Fd KCi. NilCl, 

17 2 12 23 0 3 0 0 3 ti..co taico 43 5 . . 11 2 = lOO 

21 9 . 27 2 34 06 1 4 0 3 40 5 2 3 2-3 = 100 

Sprats nro caught in largo quantities on tlio co ists of Susses, Kent, and Esses, and 
aro there used tor the proparation nf artificial manure 
SQUAXtrs. The hver of the Baaking Shark, Sqmlm mnximus (Linn ), yields about 
80 per cent of oil, which has a faint yellow colour, u density of 0 870 to 9 876, and a 
repnlsiio odour, does not solidity at a few degrers below 0^ Jly dry distillation it 
yields a yellow oil having the odour of acrolein, hut no sohacic and. It apipcars to 
contain a peculiar oloic acid (Ronalds, Chom G-.iz 1852, p 420 ) 
STAIiACMITES and STALACTITES. Deposits formed m cavoriis, chiefly 
in limostone rocks, by water filtering through tlio rock and lukiiig up some of its 
siibstaiiie, and subseqiuntly dripping from thu loof. Tlie solution (of calcic carbonate, 
for instance), on expusnio to the air, deposits the solid matter, vliich partly fonns 
stalactites, depending from the roof hlio icicles, p.irtly deposits called stalagmites, 
on the floor of the cavern 

STAXiAGXnonXETSft {<Tra\ayii6s, diop ; /lerptir, mousure) An instriiment 
employed by Guthrie for moasnring the size of drops. A drop is defined as a more 
or less sphcriciil iiiiiss of liquid matter, which has been sepurated from otlmr mutter 
by gravitation. Such a definition is neeess.ii’y, beciuiso the term drop ” is frequently 
applied to a variety of hquid matters, having little or nothing in common, exerpt 
shape, either ns to origin or condition 

Tlio substances concerned in drop-formation are — 1 The substance to which the drnii 
chugs , 2. The substance of winch it is formed, 3. The niediuiu in which it is formed 
If the drop bo formed in a liquid medium iiioro dense than the di'op, the drop rises 
If the dropping fluid be a gas, and the mediiiiii a liquid, the drop becomes a bubble. 
Henee tliere ib no cssentijl differeiieo between the formation of a drop and that of a 
bubblu, there is also an agreement iii the l.iws which govern the sizes of the two 
Tlio factors whieli ,aio found esporimcnlally to' be mo.st concerned in determiiiiug 
the size of a drop iii the case of a liquid drnppiiig from a solid through a g.is aro 
1 The rati) at winch tho dropping takes phieo, or the growtli-tmio, gt, of the drop. — 
2 Tile quantity .iiid iheniieal nature of the solid matter whieli the dropping liquid 
holds in solution — 3 The choinical iiirtiiro of the dropping liquid — 4 The size and 
shape of the solid .it. the part from which the drop falls — 6 The ehemio.al miluro of the 
Bohd from which the drop laUs, — 6 The teinperatnre at whieh the dropping takes place. 

In tho case of a liquid dmpping through a liquid, the additional factors aie — 7, the 
chemical nature, and 8, the density of the liquid medium 

The stalagmometBi- consists of two parts the first to pioduco a perfectly uniform 
flow of the dropping hqmd , the second to collect, and either measure or weigh, a given 
number of drops foniied under various conditions For particulars of the expminonts 
and description of the ditfcicnt forms of stulagmometer, see Proc Roy Sue, (xiii. 444, 

The following are the mam laws which hai e heeii deduced • 
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A. JF/mk, from a solid, a liguid drops through a gas. 

1. The drop-size depends upon the rate of dropping. Generally, the quicker the 
Bucceaflion of the di'ops, the greater is the drop. The slower the rate, the mors strictly 
IS this the case. J&cample ; 

Drop-alze of coconnut-oll, gt = O-i" ^ 80 17 
Xlrup-siZQ of cocoanut-uil, gt — 12'0" 62-00 

2 The drop-size depends upon the nature and quantity of the solid which the 
dropping liquid holds lu solution. If the liquid stands in no direct chemicOl relation 
to the solid, the drop-size, in general, diminishes as the quantity of solid contained in 
the liquid increases 

3. The drop-size depends upon the chemical nature of the dropprag liquid, and Uttle 
or not at all upon its density ; or, rather, increase of density implies morease of cohesion 
Of aU the hquida examined, water has the greatest and acetic hydrate the smallest drops. 
Water = 148 2. Glycerin = 102 8 Butyne acid = 58 0. Mercury = 67'9. 
Benzene = 6S-2 Oil of tuipentine = 60 I. Alcohol = 49 6 Acetic ether = 46'4 
Acetic hydrate = 43 '0. 

4 The drap-size depends upon the geometric relation liotweeu tho solid and hquid. 
If the solid be sphencal, the largest drops fall from the largest spheres The drops 
are largest which fall from a plane Absolute difference m radius takes a greater 
effect upon the diops formed from emaUer than upon those formed from larger spheres. 
Of circular horizontal planes, within oertam Emits towards tho minimum size, the 
drop-size vai'ias directly with the size of the phma Examples; 

Drop-size of water from sphere of radius <» = 26'5 

„ „ 113 1 =24 8 

„ „ 47 2 = 22 0 

„ „ 10 0 = 14 3 

„ „ 71 = 12-8 

Drop-size of water from disc of radius 8 = 16 3 

„ „ 4 = 14 9 

„ „ 3=90 

„ ,, 2=73 

„ 1=41 


6 The drop-size depends upon tho chemical nature of the solid from which the drop 
falls, and EtUo or not at aU upon its density Of all tho sohds eiammod, untunony 
deUyers tho least aud tin the largost diups ExampU . 

Drop size of water from antimony = 119 8 


sulphur 


= 121-8 
. 122-4 
= 122 6 
phosphorus = 122 7 


6, Tho drop-, size depends upon temperature. Generally, the higher tho tompei-aturo 
tho smaller the drop Example . 

Drop-size of water at 20 4° C. = 132 6 
„ „ 30 6® C. = 130 6 

„ „ 40 3® C = 129 8 


B. When, from a solid, a liguid drops through a liquid. 

7. The drop-size does not depend mainly upon the density of the medium, and oonae- 
quent variation of the weight, m the medium, of the dropping hqmd 

8. D there be two liquids, A and B, which drop under like conditions through air, 
and the di-op-size of the one, A be greater than that of the other, B, then, if a third 
liquid, C, be made to drop through A and through B, its drop-size through A will bo 
greater than its di-op-sizo through B 

9 If the di'op-size of A through B lie gi-ciitor than the drop-size of A through C, 
then the drop-size of D through B will also be greater than tho drop-size of D tlirongh C. 

10. If a liquid, A, drop under like conditions in succession through two Eqiuds, B and 
C, then Its drop-sizo through any mixture of B and C is mtei-mediute betneou its 
drop-size through B and its drop-size through C, and tho greater the proportion of ^ 
the mixture, the more iieai-ly does the drop-size of A through the mixtiu-o appiroach to 
the drop-sizo of A through ^ alone. 



406 


STANN AM YL— STAPHIS AGEINE. 


11. The drop-size of any mixturoof two liquids, A and B, di-opping through a third 
liqmd, 0, IS iiitonnodiato between the drop-size of A through C and that of B tlirough 
0, aud tho gveator the proportion of ^ in mizhiu-e. the more nearly does tho drop- 
size of the mixture approach to the drop-size of 4 alone, whether the dropping hquid 
bo lieaner or lighter than the liquid medium, 

12. If tho liquid X has a larger drop-size than the liquid Y in tho liquid Z, then tho 
liquid Z has a larger drop-size in X than it has in T 

13 If it liquid X has a larger drop-sizo in air than a liquid Y, then the diop-size of 
X through Y is larger than the drop-size of Y tlirough X 

It. If tho drop-size ot X he greater than tho drop-size of Y in iiir, and tho drop-size 
of Y' greater than the diop-size of Z in air, then the ratio hetwoeii tho drop-sizes of X 
in iiuj mixture of Y and Z, and the drop-size of that mixture of Y and Z tln’oiigh X, is 
greatest when the ratio between Y and Z is unity 
Laws 10 and 11 may be applied to quantitative analysis Thus, a mixture of 
benzene and oil of turpentine causes water to assume a greater or less drop-size, accord- 
ing to tho proportion of its constituents It is easy by means of the stalagmometer to 
detect a dnterence of one per cent in the proportion of either of tho constituents 
The term “ bubble " is also in common speech applied to a variety of dissimilar things. 
The definition adopted has been already given in spealciiig of drops. 

In measuring the size of a drop, tho barometric pressure is found to have little oi 
no influence In the ease of hubbies it forms an important factor. Also the tempera- 
ture is of greater mfliicnce with bubbles than with (hops. Tho chief points of interest 
with regard to hiihblo-sizo aie the influoucos of change in tho chemical natm-e of tho 
gas and of tho liquid medium 

Tho cliiof miilts at present obtained with regard to bubble-size are these — 
lo Every different liquid causes the same gas which bulibles through it under the 
like conditions to assume a different bubble-size. 

10 If tho hiihble-size of a gas through a liquid. A, be greater than its huhble-size 
thi’ough B, then its biibhle-size through any mixture of A and B is intermediate 
between its bubble-size through A and its hubhlo-size through B 
This law 13 quite annlogoiis to Law 10 Further, the singular connection between 
drops and bubbles is shown m the following law — 

17. If the liquid A has a larger drop-size than tho liquid B in dropping through 
the gas 0, then the gas C, in bubbling through tho liquid A, has a larger biihble- 
Bizo than in bubbling through tho hquid B._ E Q. 

STAKTNAlvnrii. See TiN-KiwciES, OnoAKio 
STAKTf ATBS. Salts of stanmc acid. (See Tin, Oxtubs of .) 
STAWTTETHYIi. See TlN-BAI)IOI.ES, OHOJINIO 

sxAsriiric acid, STAmaric oxidb. See Tin, Oxtoes of. 

STAKruiw. Syn, with Tin-Pthites (j v ) 

STANKTITBS. Salts of stannous oxide (see Tin, Oxthes of.) 
STANBr-mBTBVZi. See Tin-hadicles, Oboanio. 

STANiWOtrS ACID, STASTIirODS OXIDE. See TlN, OxTOEB OP. 
STANNUM. Syn. with Tin 
STANZAITE. Syn. with ANDAnnsiTE (i. 291). 

STAPBXIA A genus of apocynaceous plants, indigenous at the Cape of Good 
Hope. Siapdia hirmta, after being scratched with a kmfe, yields n limpid gummy 
juice, which hardens to an amorphous mass on exposure to the air, and cout.iins a 
bitter siibstaiico soluble in water, alcohol, and ether. (Bernap, Eeport Pharm 
Ixxxviu 95.) 

SXAPHISAGDIC ACID. A peculiar acid, said by Hofschlager (Brandes 
Archiv. XIX 100) to exist in tho seeds of Silphmium Staphaagna It is described as 
white, cry slalhiie, sublimable, and as exerUng an emetic action , but the statements 
respeetmg it ai’o very doubtful 

SXAPKISACBINB. All alkaloid existing, according to Coiiorbe (Ann Ch 
Pliys [2], hi. 362), in the seeds of Selphinmm Staphiaaqna, and constitufang the 
matter insoliiblo in other, obtained ill tho prepamtiuii of delpliiniue (ii 310) fiom that 
plant. It IS a slightly yellowish body, having a sharp taste, nearly insoluble in water 
and in ether, easily soluble iii alcobol It dissolves also iii acids, butwitlioiit neutr.vlis- 
ing them It IS (tocouiposed by eliluune, .iiid coiiveited by hot mtric acid into a bitter 
resinous substimet. 
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BTAPKISAIMB. Syn wifli Staphisaobine. 


STAB-AWISB Ollii A volatile oil obtained from tbe seeds and seed-eapsnles 
of nicivm amsatum^ a maenoliiiceous tree indigenous m Ctuna and Japan. It has a 
p.ile-yellow coloiu', and resembles anise-od from Pimpinella Amsum (i 297) in taste 
ami odour, but is more mobile, and remains bqmd at + 2°. At Wer temperatures it 
deposits a camphor or stearoptene identical -with that of ordinary auise-oil. SUv-anibs 
oil likewise agrees with ordinary aniso-oil in nearly all its reactions , but, according to 
Limpricht and Bittei, it is not directly eoiivorted by nitric aCid into anisol and anisic 
acid, hut yields an mtermediato product which they designate as anieoie add (i. 304). 

STABCH. or Fccida, Amidm, Amidon, Amytum, Matdrs 

amylack Starle, Saizmehl, K>aft»iehl. (For a complete list of memoirs relating to 
Starch, down to 1882, see (hiidm's Handbook, xv 72) 

This substance is very widely diffused in the vegetable kingdom, occurring in variable 
quantity, for a time at least, in every plant that has been examined. It is especially 
abundant in certain families of plants, and ofteuoecursin very largo quantity, especially 
in the albumen of the seed, in the cotyledons of tho embryo, in me pith oif stems and 
stalks, in bulbs, tubers, rhizomes, and roots, also in the hark and splint ol trees in 
tho wmtor season , sometimes in flowers 

Starch is foimed in plants only when the nutriment is in excess, and is dissolved and 
used np at a later stage of the vegetative process, -when the nutriment becomes 
deficient (Payen), It IS probably formed from vegetable mucus (Sohloideu). Before 
the starch appears in the cells, they ore filled with r granular or a homogeuoons mass, 
the development of which is slower than that of the coll ; so that it spreads itself, in a 
layer of varying thickness, over the inner surface of the cell, enveloping tho nucleus 
perhaps already present, and sometimes spreading in a thread-lilce form over its sm'face , 
the staich is most frequently formed in this protoplasmn, more rarely on the surface or 
in the interior of the nucleus. (Trecul, Compt. rend. xlvn. 782 ) 

The following table exhibits the proportions of starch in various alimentaiy sub-, 
stances, as determmed by Krooker (Ann. Ch. Pharm Iviu. 212) . 


Alimentary substance 


of Starch in 
substance. 


Pure flour of Harieot-boans 
Wheat-floui’, No 1 
„ No 2 
„ No, 3 
Talavera wheat 
Whittington „ 

Bandouier „ 

Byo-flour, No, 1 . 

„ No, 2 . 

„ No 3 . 

Eye i^Sccale cereals) 

„ (Sec. cer. anindm) . 

„ Kamtsehatka . 
Barley-flour . 

Barley .... 

„ Jerusalem . 
Buckwheat-flour . 
Buckwheat . 

Maize-flour . 

Maize .... 
MiUet . . 

Haricot-heans 


Potatoes (air-dried) 


99 96 

65 21 

66 93 

67 70 
65 92 
53 06 

53 83 
61 26 

54 84 
67-07 
45 39 
47 71 
27 93 
39 65 

64 03 
38 62 

42 66 

65 06 

43 80 
77-74 

66 88 
56 61 
37-71 

38 81 

39 02 
23 20 
18 14 
16-48 


66-16 
67 42 
67 21 
66-29 
51 84 
82 92 
60 56 
64-12 
67 77 
44 80 
47 13 

36 90 
40-17 
6418 

37 99 
42 03 

44 46 


66-80 
63 76 

37 79 

38 70 
40 08 
22 80 
17 98 
16 09 


Prcpai ation . 1 From Wheat. — -Wheat, after being softened in cold water, is pressed 
under millstones or rollers, or in hags under water, as long as milky water runs off 
from it This liquid, when loft to itself, deposits starch containing gluten ; the latter, 
however, dissolves for the most part in the supernatant liquid, which gradually turns 
sour and on decanting this acid liquid, repeatedly stirring up the starch with fresh 
water, and leaving it to settle, it is at length obtained piu-e, and may be dried in 
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buiteble deaiccating eliambers Or -wlicat-flonr is mixed with fom to five volumes of 
■water, and | to i to), sour water obtiimed from former operations this sets up a fermen- 
tation, which lasts fiom two to four weeks, according to the temperature, and is inter- 
rupted as soon as tho nitrogemsed substances are decomposed and dissolved Tlie 
sonimont of starch, wbidi remains at tho end of a fermentation, is repeatedly washed 
■with water, sifted, and dried in desiccating chambers Starch may be freed from 
gluten by means of cold dilute potasli-loy (Kirclilinff), or distilled vinegar 
(S.insBuro), from pieces of tat and other matter, by prolonged treatment with cold 
water, alcohol, or ether. 

2 From Potiitoes — ^Washed and laspod potatoes arc drenched m a sieve with a con 
tinued stream of cold wider, and the milky liquid which runs through is set aside for a 
few minutes, till tho heiivici impurities has e settled down, and then li ft to stand for three 
or four hours in another pan. The starch which collects at the bottom of the cleiu- liquid 
IS stiiTed up with water, poured through hair-sieves, then left to settle, repeatedly 
washed with cold water, and dried, first on plates of gypsum, afterwards in desiccating 
chambers. The starch thus obtauied is pniilied by successive washing with the 
following liquids — 1. Cold alcohol. — 2 Water — 3 Water contammg U 002 per cent, 
hjdroeblijfic acid — t. Water. — 6. Water containing 0 005 per cent potash — C Water 
(Payeu). Alter this treatment, the st.ireh contains liydrochloiie iieid (J aoquelain, 
Gorhardt, TrmU,» 48fi), but maybe purified by boiling with alcohol coutaaning 
0 1 per cent, hydrate of potish, then washing ■with pure alcohol and inth water. 

3 Flora iha rovt-sj)ruuts of Maranta indica and M auindtnaota ■ American 
starch, Arrowroot — Mode of preparation the same as from potatoes. 

4. From ihc roots of Jatnplui Mamlwi Tapioca. — The waslied and bruised 
toots are pressed in bugs under ■«ator, tho starch which scp.iratcs fiom the milky 
liquid IS «ica/y feyimcff , after diymg upon hot plates, it becomes proiiM/ar tapiooa, 
the portion of the pulp which rem.iiiis after washing and pressing is spread out on 
iron plates, in a layer one or two inches deep, and strongly dried into cakes ; this is 
Cassava-head, when pitlvensed it forms Man)ok four, and when again heated on 
iron plates till it swells up, (Sureau, J Pliarm xs C22 ) 

6 From the stans of several specus of Saqus and Cycas' Sago — The starch is 
washed out of the pith of the stems on sieves in a strea^m of water, then left to settle, 
washed on cloths or mafv, rulihed when half dry through metal sieves, und when thus 
granulated, it is dnod at about 60° m ovens of peculiar construction 

6 From J?ice. — Rice is heated with weak soda-ley, which dissolves the nitrogenous 
impuTitiis, imd leaves pure starch , then with a solution of borax, cream of tartar, or 
some other salts, to facilitate the separation of the starch from gluten 

7. From Borse-chcstmiis, — The same method as in 2, excepting that the starch 
islike^wiso well washed with aqueous sodic coihonate to remove the hitter prineiplo 
(Fliindin, Compt. rend, xxvii 849), or merely uith water, like potato- starch. 
(Belloc, liio! xxvni 83) 

For details on tho munnfaoture of Starch, see Ure's Biciionary of Arts, &o,, 
lii. 745. 

Preperties— Starch IB a white sliming powder, soft to the touch, grating between 
the fingers or the teeth, sometimes consisting of amoiplious masses, hut more frequently 
of granules recognisable by the microscope These granules, of vurious diameter 
[from^tOijlijof aliuo (Fritz echo), fromT85 to 002iuillimctie(Payen)],aiidTanou8 
form, have commonly a small occentno nucleus, suiTounded by layeis airauged eoncen- 
tncully one over theother These envelopes increase by the successive deposition of ucw 
layers within the old ones, so that each layer le younger and less oompaetly aggregated 
than the one which immediately surrounds it, and since the layers are for the most 
part of v.iriahle thickness, they cause the granule to deviate gradually in form from the 
originally spherical nnclcus, and assume for the most part an ovoid form. Aconrtliiig to 
Miifichkc, the starch-granules appear like bundles of thi-ee to six eonceiitno bladdeis, 
with light and dark rings, tho light rings being formed of insolnhle, the dark of 
soluble staiih, and enclosing tho central cavity of the innermost bladder, which is 
either empty, or filled with liquid amylone. 

Tho following table exhibits the greatest diameter of several kinds of starch-granules, 
aeeorjing to Payen . — • 


Large Rohan potatoes 

Menispernmm fenvstt atiim (eolombo-root) 
Rhizomes of Canna gtganiea .... 
„ „ Canna discolor . 

„ „ Matunta arundmacea (arrowroot) 

Yarions kinds of potato 

Bullis of the liiy .... 

Tubers of Urofia ounila 
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Stem of a very large ISoianoeotatus ennaceus (imported) . 

Sago 

Broad beauB 

Lentils 

Haricot-boans 

Grain of white wheat 

Fresh pith of sago-tree (Cycadeis) 

Eyaemth-biilbs . . 

Tubers of Spanish potato {Batatas edulis) 

Corms of Orchs labfolm and 0 hfoha . . ' . 

Maize (while, ‘yellow, and violet) 

Fruit of Ghineae sugarcane {Sorghum saecharatim) . 

Stem of Cactus penmuaats 

Seeds of Naias major 

Stem of Qasius pereskia grandiflora .... 

Seeds of Aponogeton distachyvm 

Stem of Chnkgo hiloha{8al%sburM admahifolia) 

„ Caettts brasihcnsis 

Fruit of Panioum itaiicmi 

Half-grown seeds of Mtas major 

Pollen of Globba nutans 

Stem of Cactus flagdhformw 

„ Echmocaotus cnnaceus (grown in hothouse) . . 

Pollen of OTOTtima ^ . 

Stem of Opnntia tuna and Ficus mdioa . . . 

„ Oguntia curassavica 

Fruit of Panioiim miliaocum (miUet) .... 
Stem of Cactus mammt/ana discolor .... 

Bark of Aglanthus glandulosa 

Stem of Cactus seipcutimta 

Pollen of Naias major 

Stem of Cactus monstruosua 

Seeds of beetroot 

„ Chenopodium Qutnoa 


•030 

•0226 


•0076 

•0076 

0076 

•006 

•004 

•002 


The specifle gravity of starch is 1 606 at 19 7° (Payen). Wlien pure it is ncntrul, 
and has neither taste nor smi 11. It may ho dned completely in a vacuum at l«0°,but 
at ordinary temporituros it always retains a certain quantity of water (from 12 to 18 
per cent ) mechanically interposed between the granules. 

Starch heated to 160° is converted into doxtnn (ii 318) ; first, however, according to 
Maschke, into the soluble modification of starch mentioned below 
By dry distillation it yields carbonic anhydride, gaseous hydiocarhons, water, acetic 
acid, and empjreuniatic oil, and leaves a porous cinder. In tho opon fire it softens, 
swells up, evolves choking vapours, aud at last bums with a bright flame. 

It is oxidised slowly by oaygen, more quickly by osomstd air, yielding but little 
carbonic anhydride By distillation with manganic pa oxide aud ddute sulphune acid, 
it yields carbonic anhydride, aqueous formic acid, and furfurol. 

Starch, so long as it retains its natural state of aggregation, is insoluble in water, 
alcohol, and ether , but when it is placed m contact with hit water, the water pene- 
trates between the different layers of which the granules arecomposed, sweUmgthem up, 
.ind forming a gelatinous mass known as starch-paste, and used for shffemng linen, 
&c. If this paste be largely diluted with water, the swollen htoreli-granules slowly 
subside, whilst a certam quantity of amylaceous matter remains m solution 

When water into which one or two hundredths of starch has been introduced is 
heated to boiling, the grains swell, and disintegrate till they appear to bo dissolved in 
tho water ; but on exposing the liquid to a temperature below 0°, the water fi-eezes, 
aud the starch, rocovering a certain degree of aggregation, separates from the liquid in 
the form of small polholes. 

When starch is boiled under pressure at about 160°, with from 6 to 16 times its 
weight of water, a thin solution is obtained, which may be filtered from the insoluble 
portion ; this liquid, as it cools, deposits minute spherical granules, which, when dried, 
have the whiteness of starch without its glistening aspect These gianules are 
slightly soluble in cold water, but are readily dissolved when tlio water is heated to 
70° or upwards. This solublo starch, which is distinguished from dextrin (u. 312) 
by being turned blue by lodme, and by possessing a greater dextro-rotatory pon or 
( = 211° according to BAchainp, whoroas that of dextrin is 176°), is likewise produced 
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from oommon starch hy the action of diastase at ordbary temperatures ; hy heating it 
for a certain time mth dilute sulphuric acid , hy heating with glacial acetic acid ui a 
sealed tube, or with strong intno and till red vapours begin to pass off; by boiling 
with chloride of zinc , and by trituration for a short time in the cold with strong siilphui la 
acid. If, however, the action of tlie diastiibo takes place at a temporatiu'e of 06—80° 
(lb IB completely intciruptod hy boiling), or if the heating with dilute acids bo con- 
tinued beyond a certain tune, the stani is converted into dextrin, and ultimately into 
dextroglucoae 

Starcli is also converted into dextrin and sugar by boiling with aqueous oxalic or 
dilute acetic acid, by contact with yatiif at a moderately high temperature, also by 
contact with saliva, into sugar also hy contact with bicr-ycast, and with various 
auimal aubatmcBS— -rnz , pancreatic juice, gdatm, mucous metnhiane, mine, Inle, spu- 
matic fluid, blood-serum, animal tissue, and hy watery infusions prepared at 40° bom 
the heart, brain, lungs, liver, kidneys, spleen, and muscles (Gm xv, 92.) 

On the conversion ofstiirch into dextrin and sugar, see also Musculus (Compt. 
rend liv 194; Ann Ch. Phys. [3], Ix. 203 ; Jaliresb. 18G0, p 502, 1861, p, 717.) 

Starch dissolves in glycerin when heated therewith for a considerable time, and is 
precipitated in the soluble modification by addition of alcohol to the solution CW. 
Kabseh, Zeitschr. anal. Chem ii. 216 ) 

St.irch triturated in the cold with oil of vitriol, is converted successively into soluble 
starch, sulphamidonic acid, dextrin, and sugar 
With mtno acid, starch yields various pioducts, according to the strength of the 
acid, the temper.itiire, and the duration of the action 
a Cold concentrated nitric ucid (specific gravity = 1 52) dissolves starch without 
evolution of gas; water added to the solution precipitates xyloidin or uitramidin, 
C“H''(NO’)0‘, us a white powder (Braconnot, Pelouzo). If water is added imme- 
diately, nothing remains dissolved ; but if the solution is allowed to stand, it gives 
with water leas and less xyloidin, and at last none, while a substance resembling 
saccharic acid remains in solution. (Polouze, Compt rend vii. 713 ) 

b If stiirch 13 mixed wnth its own weight of concentrated nitric acid, and twice its 
weight of ordinary nitric acid (2NHO’ 3H*0), and allowed to stand for 24 or 30 houi's 
at the mean temperature, or if it is mixed with enough common niti’io acid to form a 
thick mud, and heated in the water-bath imtil red fumes are evolved, unoigaiiised 
insoluble starch is at first produced, then starch soluble in hot water, and lastly starch 
soluble m cold water (Bichamp). — Starch that haa been moistened with ^ yor cent 
nitric acid and water, and then allowed to dry spontaneously, yields dextrm when 
heated (Payen). A mixture of staich wnth 2 per cent, iiitrie acid and 4 per cent, 
water, dried at first in the air, afterwards in a wator-hath, gives, with 6 parts of warm 
water, a solution which solidifies to a jelly like hehenm on cooling, and gives sugar 
when boiled with acids (Mitscherlioh, Pogg Ann Iv 121) 
c Hot nitric acid, either conoeiitratcd or dilute, employed in excess, evolves nitrous 
gas and forms oxnlio acid, together with mulie and aeetie acids. — HiPno perundo 
acting on st.irch neither evolves gas noi produces oxalic acid. (Bouijs-Ballot, J pr. 
Chem, XXXI 211) 

A mixture of strong mtno and sulphune acids convoita starch into an explosive com- 
pound, analogous to or identical with gun-cotton (De Vrij, Compt rend xii 126) 
Acconliug to Bichamp (Ann Ch Pliys. [3], Ixiv. 322), the product consists of 
nitroxyloidin or dinitramidin, C‘'H*(NOS)*0’. 

Chlonne-gas, eithpp,dry or moist, does not act upon starch either at ordinary tempe- 
ratures or at 100° , when starch is exposed under water to the action of clilomie for 
eight hours, only i^is decomposed, with evolution of carbonic anhydride (Liebig). — 
Starch distilled with hydrooUone acid and mangamc peroxide yields, among other 
products, triehlorinated acetic aldehyde (chloral) and pontuehlorinatod propionic alde- 
hyde 

When bromine-water is added to a solution of starch in dilute hydrochloric acid, an 
oraiigo-yellow powder is formed, consisting of a compound of starch with bromine, 
which, however, cannot he dried without loss of bromine. 

Starch-paste is coloured doep-hlue hy an aqueous solution of lodme, or hy mixing it 
with solution of potassic iodide, and then adding a drop of chlorme-water, nitrous acid, 
sulphune acid, &e , to set the iodine free. Tlus blue coloration, which affords an 
extremely delicate test either for starch or for iodine, is duo to the formation of a 
loose comhimition of at.ii'ch and iodine, or perhaps to the mere mechanical precipita- 
tion of tile iodine upon the starch, inasmuch as it is destroyed by alcohol, potash, 
snlpliydrie acid, and in general hy all hquids which take up the iodine The hqiiid 
may also he decolorised by ohuUition, whereby the iodine is volatilised ; if, however, 
the boihng he not contmued for a sufficient time to volatilise the whole of the lodmo, 
the blue colour reappears as the liquid cools When potato-starch is powdered in a 
mortar with cold W'ater, the filtered liquid is coloiu'cd blue by iodine , this effect is not 
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obsoiTeJ ■with -wlieiit-starch, the grams of -which, hemg smaUor, are not crushed under 
the pestle (E e d TT 0 0 d, Eepert Pharni. [3], xxxix. 84). Eespecting the vanoua cu'cutu- 
stimces ivhich alfect and modify the blue colour, see Gmehiis Handbook, s.v 97 

Starch slowly absorbs fliiondo of boron, becoming liquid, but without coloration. 

Starch heated with five tuuesits weight of potatstc hydi ate and a little -water, gives off 
hydrogen at a tempeiature much below redness, and forms potnssic oicalate (&ay- 
Luseao) By digestion with potash-ley for twelve hours, at 60° or 60°, it 19 
converted into dextrin (Payen). Soda acts m like manner 

Starch-paste yields, -with baryta- and lime-water, precipitates consisting of com- 
pounds called Amilate of barium or calcium A dilute solution of starch, mixed 
with ammomacal acetate of lead, yields a precipitate of plumbic amilate, 
C''H'»Pb''0'» Pb"0. 

According to Blondeau (Com^ rend lix. 403), starch unites -with ammonia, 
forming the compound, C®B[’''OMSH“ called amidia, which acts bke a weak base, 
uniting with acids, but is not capable of decomposing metalhc salts. 

The aqueous solution of starch is precipitated by tarniv: aeid. 

Eatimation and Separatum of Starok . — The foUo-wing method of estimating starch 
m vegetable organs, &c , given byDragendorfffJahresb. 1862,p 631), depends upn 
the insolubility of starch in alcoholic potash, and its solubility in diastaso and when 
licttted with dilute acids Two or three grams of the substance dried at 100°, and 
pulvonsed, are mixed with 26 to 30 grains of a solution of 6 to 6 pts. potassie hydrato 
ill 94 to 96 pts. of absolute alcohol, and digested at 100° for 18 to 30 hoitre in a 
sealed tube (or a flask which can he dosed airtight) , and the contents are tlwown, while 
still hot, on a weighed filter and thoroughly -washed, first with hot absolute alcohol, 
then with cold spirit of ordinary strength, and finally with distilled water mixed 
(in the case of gummy substances) with a small quantity of alcohol The filter, -with 
its contouts, IS di'ied, first ut 60°, then at 100°, and weighed. The difference between 
the weight thus obtained and that of tho original substance gives the quantity of pro- 
teiu-suhstauops, fat, sugar, and part of the salts present Tho residue, togethei with 
tho filter out lu pieces, is next heated with water containing 5 per cent, hydrochloric 
iieid, till a sample is no longer turned blue by Bolutiuii of ludine , and tho residue 
separated fiom the acid liquid is washed, driedat 100°, and weighed. The loss of weight 
thus iouiid gives very ueiirly the quantity of starch in the siibstanco under examinution. 
Any mineml substances insoluble m potash, alcohol, and water, but soluble in hydro- 
chloric acid, that would introduce an eiTor, may be estimated by evaporating the and 
liquid to dryness, and inoineriiting the residue at as low a temperature as possible. 
This error may also be avoided by extracting the starch -with concentrated extract of 
malt at 66°, instead of acidulated water In the case of substiuiees which contain a 
large quantity of mucus, it is best to perform the extraction -with a coneeiitratcd 
solution of common salt slightly acidulated with hydroehlorie acid, and wash tho 
insoluble residue -witli weak spint 

' The residue left after tho extraction of the starch contains cellulose, mucus, lignin, 
ontioula, and cork-substance, the last four of which may be separated from the ccUu- 
lose by digestion with chlorate of potassium and dilute nitric acid. 

Starch may also he estimated by converting it into glucose, and detemuning the 
quantity of that product. For this purpose Siegert (Jahresb. 1806, p 743) 
digests one giamme of the sir-dried substance (potatoes for instance) with 50 e.c water 
and 2 grammes oil of vitriol on the water-bath for two hours , then dilutes to 100 c o,, 
and again warms 50 c e of the filtered liquid ivith 4 grammes of sulphuric acid to 96° 
for seven or eight hours The sugar-solution thus obtamed is then made up to 100 e o. 
with water, or, if very much coloiued, with basic acetate of lead, and the iimount of 
sugar IS determined with un aUcahiie cupric solution m tho usual way (ii 866). 

Starch immersed in a saturated solution of bromide or iodide of potassium swells up 
to a pasty mass of 20 to 30 times its oiigmal volume, which dissolves m water, lea-ving 
only a very .small quantity of inemhraue , and on adding lodme-watec to the solution, 
tlie blue compound of stai'ch and lodme is precipitated in flocks As colluloso is not 
affected by bromido or iodide of potassium, these salts may bo employed for detecting 
and separating stoich in vegetable tissues Dilute solubons act less sb'ongly. 

Animal Starch (?)— A substance, supposed to be starch, has been observed in certain 
parts of the animal body. Grannies, which after being moistened with oil of vibiol 
turn blue on addition of iodine, occur m the brain, and formations of similar character 
occur m the spleen, liver, kidneys, and mucous membranes in certain states of disease, 
and in small quantity even in health This substance, however, is not true starch, us it 
contains nitrogen, and does not yield sugar when heated -with dilute acids. 

Glycogen, the ‘sUgar-forming substance of the hver, has the same composition as starch 
(ii 908). 
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STABS, STBCTBA OP. See SPECTRAi, Akai.ysis (p 304). 
STASSPUBTHITE. A borato-phlonda of miiguesmm. opcumiig m the eal{- 
beda of Stuasfurfch near Magdeburg, in masses, having a mieroevystiillme structuie • 
hardneaa = 4 to 6, and speciflc gravity = 2 913 Contains, according to the mean of 
recent anal,ys.es by Hcintz and Ludwig, 8 20 pur eont, chlorine, 2 77 magnesium, 20 24 
mugueBia, 60 82 bone anhydride, and 197 nater, agreeing nearly with the formula 
ilg CP,2(3Mg''0.4B"0’) + iaq. {liammhberg's Minerdehemie, i5Q) 

STATXCE. A genus of pluinbagmaceous plants, growing in the ncigUbouihood of 
tbo sea or of salt-spriiigs, and eontaiiiing considerablo quantities of common salt, 100 
pts. of Statice Gmelmi, air-dried, yield 7 7 per cent, asli, of which 11 o per cent aiu 
solqblo 111 water, and 88'6 per cent insoluble St sujfritiicosa yields 5 7 per cent, 
ash, of which 45 75 per cent, is soluble in water The soluble portions of the two 
contain, in lOOpts. ; 

Staiwe Gmelmi . 22 2' 29 7 ' 29 0 7 0 ' 

Statwe suffmticosa 18 4 24 8 40 0 2 7 1 2 

STAUBOIiXTE. Siamotide, Granaide, Croisette, Pierre dc Cmx, fokoH 
cructforme grhiatite — These names are applied to certain silicates of aluminium 
occurring in tiimetnc crystals, often forming cruciform groups, on tho St. Gothacd, in 
the Ural, and other localities Stnurohte from the St. Gothard has the composition 
4APO’.3SiO* , that from Airolo, in Tessin, is lOAl^O’ 9SiO’ , that ftoni Polewskoi, in 
the Ural, is 8A1®0’ 9SiO-’, that from Brotaguo is 5Al-0’.6Si0“. (See Shicates, p. 255 , 
also Dana, 11 , 201, Eammelsborg, p 507 ) 

Tho name stmirokte is also used as a synonym of harmotome. 

STAtTBOSCOPE. An optical iiistruraeut, invented by F. v. Koboll, for es- 
iimining the polarising structure of crystalline bodies. (Pogg. Ann. xcv, 820 , J. pr. 
Chom Ixiv 389 ) 


STAVBOTXSE. Syn. with Staoeolitb. 

STBASAnxiSE. C'^H^NO = — Obtained by heatmg etkylio 

stearate with alcoholic ammonia for 20 to 25 days in a sealed tube immersed in a 
salt-bath, and purified by reciystallisation from hot alcohol and repeated washing 
with cold ether. After melting it solidifies at 107 6°. (Oarlot, Bull, Soo. Chim, 
[1859], 1 76) 

STEABAWIEIBB. Phenyl-stearamde. C«B:*'irO = N J C“H» .—When an 


excess of anilmo is distilled over stoario acid heated to 230° in an oil-bath, tho whole 
of the stearic acid is converted into anilide. The preduct is purified by repeated 
crystallisation from alcohol . 


+ CE’N = (P'H«NO + H'O, 


It forms white, dehcate, shining needles, melting at 93 0°, and solidi^uug to a mass 
of radiated crystals — An alcoholic solution does not precipitate nitrate of silver. 
STEABEBE. See SrsAEONB 


STEABEBXfT. The fat contained in the wool of Merino sheep is, according to 
Chevreul (J. Pharm xxvi. 123), a mixtiu'e of a more liquid fat, elaerin, and a 
more solid fat, stoarerin This latter melts at 60°, and dissolves only in 100 pts. 
nloohol of specific gravity 0 806, whereby it may be sopurated from the much more 
soluble eliienn. When treated with strong potash-ley, it yields a salt, stearerateof 
potassium, which is more like a ream-salt than a tme soap. The fat is probably 
only a mixUtro. 

STEABXC ACIE, C'"H*W = ^ ^ ^^0 — Aoido stbanque, Aoide margarnix, 
Tahjsaute (Chevreul, Ann Chim Ixxxnii. 226 Ann. Ch. Pliys [2], ii 364 , xxiii. 
IS ; li’ei/ii’tv/iei stir les corjjb gras — ^Braconnot, Ann Chim xcui 260. — Eedten- 
bacher, Ann, Ch Pharm xxxv. 46 — ^Bromeie, ibtd. xxxv. 86, xxxvii, 303 — 
Stenhouse, ihul xxxvi 67 — ^Erdmann,! pr. Chem. xxv. 497 — Fraiiois, Ann. 
Ch Pharm, xlii 256, — Gottlieb, d)id. Ivii 36 — Laurent and Gerliardt, ibid 
Ixxii 272, — Hardwick, Chem Soc Qii J. ii 232 — Crowder, Plul. Mag [1], iv. 
21 — Heintz, see refereneos under Mthtstic Acid, hi 1069 — Berthelot, ilnu Ch. 
Phys [3], xh. 216, 432, xlvii 297.— Pebal, Ann. Ch. Pharm. xoi 138.— Gm xvii 
103.) 

Steanc acid was discovered by Chevreul as a constituent of tho more sohd fats of 
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the animal kingdom. It is niofet abundant lu these, oapeemllj.’ in beef- and nuittoii- 
siiot but exists also, together with palmitie, mjristic acid, &c , in the sotter fats, such 
ns the butter of coVa milk, human fat, in that of the goose, of serpents, of cantharides, 
and in spermaceti It occurs also m Togetnble fats, especially in cacao-fat, lass 
abundantly in oUvo-ml, in the fat-oil of black mustard, in the fat of Bnndonia indtca, 
and many otheia Tho stearopliunio acid, prepared by Pr.inciB from the berries of 
Cocculiii indicns, and the bassic acid, obtained by Hardwick from bassia-oil, have 
been shown by Crowder to be identical with each other, and by Hemtz to be 
identical with the stearic iieid obtained from mutton-suet Stonne acid appears, then, 
to be a frequent constituent of fats, both of the animid and of the regetahla kingdoms , 
it raiely, however, occurs m the free state, hut almost always as a glycerido, viz m the 
form of tristcarin (p 422) In the fat of coceulus-grains, part of the stearic acid is in 
tho free state 

Ficparation — -Steane acid is pTOpared from beef- or mutton-suet, or hotter from 
cacao-fat, by aaponifjung the fat with soda-ley, heating the soap-paste with water 
and dilute sulphuno acid, removing tho separated fatty acids after cooling, washing 
them with water, and then dissolviiig them in as small a quantity as possible of hot 
alcohol On cooling, tho greater port of the solid acid soparates out, while the oloio 
acid remains m solution , and may he separated by subjectang tho mass, atler draining, 
to strong pressure, redissolving the residue in a small quantity of hot alcohol, leaving 
it to separate by cooling, and ngiin pressing the solid mass. I'rom the mixture of 
solid fatty acids thus obtained, tho stearic acid may be separated, in a comparatively 
pure state, by repeated crystallisation from considciahle quaiititirs of alcohol, only the 
portion which first separates being each time selected. But to obtain puro stearic 
acid, it is better to subject the alcoholic solution of stearic aud palmitic acids to frac- 
tional precipitation with acetate of lead, barium, or magnesium, tho stearate tlieii 
separating out first 

Bor tins purpose Hemtz dissolves the impure stearic acid (4 pts ), melting at about 
6U°, in such a quantity of hot alcohol that nothing will separate out on cooling, even 
to n°, and mixes the hot liquid with a hoihug alcoholic solution of mugnesifi acetate 
(1 pt ). The mnguesmin-siilt which sopiiiutes on cooling, is pressed and boiled for 
some time with a large quantity oi dilute hydrochloric acid, and tho steaiio acid 
thereby separated is repeatedly crystallised from alcohol, till it molts constantly 
botweau 69“ and 70° 

Stearic acid is also easily prepared from stearophanin (? tristearin), tho fat of 
coooulus-berries, by saponifying it uotb potash, salting out the soap, decomposing it 
with hydrochloric acid, and crystalhsing the separated fat from alcohol The fatty 
aeid is thus obtained in smiiU needles, melting at 68° . probably not quite pnro^steavio 

According to Buff and Oudemanns (J pr, Chem Ixxxix 216), the host matonal 
for the pioparation of steane acid is shea-butter, which contuma about 70 pei cent 
stearic and 30 per cent, oleic acid, but no other solid fatty acid. 

On thelarp'o scale, impurestearic acid is preparedfor the manufacture of stearin-candles 
by saponifying some of the haider fats, generally with lime The residting hme-soap, 
decomposed by sulphuric acid, yields a mixture of fatty acids, which are pressed first 
in the cold, and afteruards at a higher temperature, in order to separate the olotc acid 
from the less fusible palmitic and steane acids 

Another method, applied chiefly to palm-oil, consists in decomposing the fat with 
superheated steam, as described under Glycbbin (ii, 886) —A third motbod consists 
111 treating the fat with sulphuric acid and distilling the product When a hot fat is 
brought m contact with strong sulphuric acid, it is immediately resolved into 
fatty acid and glycerin, which unites with tho sulphnrie ncid, forming glycoryl- 
sulplnu'io acid In the original process, patented by Gwjnno, Wilson, and Jones, 37 
per cent siilpliunc acid of 60°. Bni was iutrudueed into the hot fat, and the mixture 
was licated for 24 hours to 90“ — 92° It was soon found, however, that the quantity 
of sulphuric acid might be consideriihly diminished (6 to 9 per cent being sufficient for 
many f.ils), provided the temperature was raised proportionately higher (to 165° when 
the quantity of sulphuric acid wus small) (For details of the stcarin-'candle manu- 
facture, SCO TJrds Ficiimary of Arts, &e., iii 7 64 ; Chemical Ttchnoloqy, vol. i. part h. 
p. 432 , Bandiis d Chem viii 201.) 

Fropertics — Pure steane acid crystallises from alcohol in nacreous haminBe or 
noodles, it is tasteless and inodorous, and has a distinct acid reaction (Chevroul, 
Hemtz) At low temperatures it is heavier than water, having a specific gravity of 
1 01 at 0° (Sausbure), but between 9° and 10°. its specific gr.ivity is the saiHB as 
that of water It molts at 09° — 09 2° (Heiiitz) to a coloiftloss oil, which on cooling 
solidifies to a white, scaly, crystalhnc in.uss, lamino-crystalline on the recently- 
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ipurn ncid (.olidifios in masses of acieidar or wavclUao 
,t was found by CJheTrmd to bu 76° (solidifyuig-point 70°), 
lint 06 8°), by iStenlioiiso 69°, by Eedtenbacher, Kopp, 
ck, 70 6°. Pobal found that the purest .ucid molted at 

ted with nmro fusible fatty acids, the mixture fuses, not 
but mostly at a lower tomperaiuro, often gtou below that 
10 mixture this jihonomenoii is similar to that which is 
dloys, ns of lend with tin, or with tin and bismutli The 
leltiiig-pomts and inodos of solidifleiitiou of mixtures of 
istie, and pnlmitie ncids, in v.irious proportions, as de- 


, Stearic and Laurie 


lelts nt 

ModeofeoDdifyluff 

41 6° 

Non-ciystnllme 

88-6 

Non-crystalline, warty 

.Small shining crystalline facets on the surface 

4.S4 

50 8 

Wurty, non-ciysfallme 

65 8 

69 0 

Scarcely crystalline, slightly gramdar 

More distinctly gianular, commencement of 


scaly crystiillisation 

62 0 

6f7 

Somewhat more distinctly granulo-scaly 
Distinctly scaly-crystallme 

67 0 

The same 


! Sleano and Mymtio Aoids. 


Myristic acid, j 


Mode otsolldifylag. 


so 

20 

10 


62-8 
66 0 
871 


Non-ciystalline, opaque 
Indistinctly erystalhne 
Lammo-crystalline 
Beautifid broad Inmince 
Non-erystalliue, opaque 
Neither needles nor liimince, oommenoement 
of scaly crystallisation. 

Move di.stinetly scaly 
Stdl more distinctly scaly 
Scaly-crystnlhne 


Stcanc and Palmitic Acids 


STEARIC ACID. 415 

sinks lower when to 20 pts of this mixture there are added from 1 to 7 pts. of 
stearic acid ; the melting-points of the several mixtures are as follows : — 

With 1 pt. stearic add the melting-point is 


4 

6 

6 


These mixtures solidify to non-crystallino masses (Heintz.) 

5 Steal ic and Margano Mixtures of these two acids melt more easily than 

stearic acid, but only a few of them less easily than mnjgaric acid. They sohdiiy 
almost in the same manner as uumixed fatty acids, differing therefore in tins respect 
from mixtiu'es of stearic with palmitic acid. (Heintz ) 

A mixture of — 


46-20 
44 6 
44 0 

43 8 

44 6 
46-4 
46-0 
46-6 


Steario acid. 

Margarlc acid. 

Melts at 

Mode of solidifying 

10 

90 

69 5° 

Scaly-crystalline 

20 

80 

69 8 

The same, hnt less distinctly 

30 

70 

60-8 

Like the lust 

40 

60 

61-2 

The same 

60 

60 

62 0 

The same, hut less pearly 

60 

40 

63 1 

The same 

70 1 

30 

64 7 

The same 

80 

20 

66 2 

The same 

90 

10 

67-6 

Sealy-ci-ystulline 


Pure stearic acid expands Tory strongly when heated, especially at the moment of 
fusion (about H percent ), and contracts so much in sohdifymg that cast lumps appear 
porous Its volume, that at 0° being taken for unity, is 1 038 at 60°, 1 064 at 60°, 
1 079 at 70°, and by fusion the volume at 70° inere.ises to 1 198 
The volume of the solid acid at different temperatures is expressed by the formula : 

7 = 1 + 0-0013400 t + 0000034007 i- -t 0-00000044180 
and that of the liquid acid by — 

V = 1 1980 + 0 001009S,or F = 1 + 0-0008123, 
where V is the volume of the solid acid, = 1 at 0°, F, the volume of the liquid acid, 
= 1 at 70° ; i denotes temperatures below 70°, and 5 temperatures above 70° (Kopp, 
Anu Ch Pharm xciii 184). The specific gravity of the fused acid = 0 864 (Haus- 
sure). It solidifies on cooling m asealy erystalline mass, or in shiuing needles. 

Stearic acid distils in a vacuum, and in quantities of 15 to 20 grammes, under the 
ordinary atmospheric pressure, for die most part -without alteiation When heated to 
300—330° in a sealed tube for several hom-s, it docs not alter either its appearance or 
its melting-point, or give off either gas or water (Ti er th elot ) 

Stearic acid is insolnhle in water, moderately soluble m (dooJwl, more readily in 
ether, benrene, sulphide of carhon, and oils, both fixed and volatile. 

The composition of stearic acid is determined by the following analyses - 

. . . Tie ^6 76 30 7^75 76"50 76“l3 74-73 

H™ . . . 36 12 68 12 43 12 86 12 78 12 81 12-86 12 46 

0° . . . _^2 11-26 11 27 11 63 11 47 10 69 11-01 12 81 

c®H“o* . 284 100 00 100 00 lou 00 100 00 100 00 100-00 looTo 

LauroDt and Gerhardt. 

Crowder. Gottlieb a b Heinta. 

0 ... 75 91 76 29 76 41 76 60 76 67 to 76-88 

H . . . 13-01 12 83 12 63 12 81 12 69 „ 12-86 

® • • -liil® 10 fid 1206 11 79 

100-00 100 00 100 00 100 00 

The formula (Chevrenl), C^Ef^O' (Eedtenbaeher, Erdmann) 

C"‘iZ“"0’ (Steuhouso), C^IP^O', or C'”H”0° (Gerhardt), have been sucoeasively 


Pebsl. 

75 84 to 70 15 
12 83 „ 12 71 
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propospd for stearic acid Laaront and Gorlmrdt gave the formula or 

according to wliicli stomie acid would be isomeric with marganc uoid. Iho 
above formula, first proposed by Hardwick for stearic acid separated from bassia-oil 
(bassic acid), then adopted by Crowder for the stearoplnmic acid of Jfrancis, has bo^,ii 
recognised by Heiiitz us the true formiil,i of stearic acid. 

HiCDiMjioMtioiis. — 1. Wlieii 90 grms of stearic acid arc subjected to dry distillation, 
tbu gre.iter piU't pusses ovei iincbaiiged, but a similler portion is resolved into earlioiiic 
anhydride, water, and stearoiio, tbo distillata likewise contains iicotic acid, butyric 
ucut, af.itty acid of lower mflting-poiiit than stearic acid, also a hydioc.irbou at (he 
foimida C”H and ketono^ richer in oxygen tlian stearone — these, as well as the lij dro- 
caiboiis, probably insulting from further deoompositiuu of tbo stearone Tlio bliick- 
browu losiduB in tbo retort still contains stearone, but seiiroely any fatty acids 
(Heiutz) 

2, Stearic acid mixed with pUtinum-black, and heated to 100° in oxtfgeu-gas, iovma 
caibome aniijdrulo, and at 200° is completely converted into carbonic anhydride and 
Welter (Reiset and Millon [3], Ann Cli Pliys viu 28fi) Itbtu'iism the iiir liko 
wax, and wlion heated to 180“ in oxvgon-gas it burns with adazzlmg light. With ozone 
It belinies like palmitic acid (iv 334) 

8 Heated with ckrmmc aoid, sulphnric acid, and water, it yields chromic oxide, and 
au acid melting at 04— 6C“, tlio alcoholic solution of whicli first deposits uiislteivd 
stcario acid, then au acid (Bedtonbacher's margario acid) molting between o9° and 
60°. tBedtenbaeher ) 

4. Permmiganate of potnimuim converts stcanc acid into stearate and Oiirbourte of 
potassium (Cloez and Guigiiet, Conipt rend xlu 1110) 

6. Iditno ttoxj fonns from stearic acid small poitions of volatile acids, which mi.x 
with the unaltered stearic acid, and lower its moltiiig-iioint (Heintz), 'Whoii stearic 
acid IS heated with 2 or 3 pts nitric acid, violent action lakes place after half an 
hour, nitric acid and piungent gases being givcu off, and the fused acid being converted 
iiitota tenacious frothy mass, then becoming clour and mobile, and finally solidifying 
ns It cools to a tallowy mas, which melts at 36“ to 45“. According to Hronieis, this 
mass contains margiiric acid, and if crude stearic acid has been used, an oil formed 
from oleic acid, and coloured blood-red by potash After several clays’ treatment with 
nitric acid, tiie sfeiiric and disappears completely, being converted into sobacio and 
Biiccimc acids (Bromois) In l.ittr experiments, Bromeis obtained also azoleic acid 
(an acid isoinenc with am.intliybe acid), and produced, accoiding to Aippe, by the 
action of nitric acid on oleic acid 

6 Stoavic acid fused with ^/losjifioric anhydride forms a yellow mass, which, when 
freed from the unaltered stciirio acid, melts at 64—60“ and contdins, on the aveiMge, 
80 4 per cent 0, 12’9 H, and 6 7 0 (C'"H'W = 81 2 per cent C, 12 77 H, and 
C 03 0), and is converted hy hot nitric acid into a brittle waxy mase contaiiinig 77 25 
per cent C, 12 22 H, and 10 63 0 (Erdmann, J. pr Cliem. xxv 600 ) 

7 Dry chlorine gas at 100“ converts stearic into clilorosteaiic acid (Hardwi ok.) 

8. Bromine he.iteil with stearic acid and w.iter m a sealed tube, foimsa dark-brown 

liquid, which does not alter perceptibly at 100-’, but between 130° and 140° is slowly 
converted into a yellow oily mixture of bromo- and dibromo-stearic acids, mixed with 
unaltered stoaiic acid I'urnmtiou of brumostearic acid • 

C'‘H“0’‘ + Br’ - C'«H’‘Br05 + HBr 

When more than 2 at. broimne is used to 1 at stearic acid, a large quantity of di- 
bromostearie acid is produced, but oven then a part of the stearic acid rcnmins unaltered. 
If the heat is raised iiboie 140°, the mass remains brown, or charcoal sepiiriites from it. 
(Oudpmanns, J pr. Chem, lixxix 193) 

9 HfiifaeAtoirfa 07 brought in conbict with stearic acid at a moderate 

boat, terms a colourless mass, wliieli soon becomes heated to 160°, tuniing broivn and 
black. When distilled it gives otF hydrocliloiic acid, a small quantity of water, a 
liydi’oeiirbon, ste.arie acid, and a solid pirodnct less soluble in alcohol than stearic acid 
(Chiozza, Geilmnlts Traitk, li 851.) 

11 StB.ii.ato of pot.issium, in contact with oxychloride of pho^ihorjis, becomes 
slightly lieatod, and at 150° swells up to a dark jelly, perhaps forming chloride of 
stearyl, inasmuch as the product treated with alcohol yields stearate of ethyl (Pobal ) 

12 AVIieii ste.irie acid is heated wilh an equal weight of sulphur, ntmea of snlphimc 
acid IS giien off, and the &.ime products are tormed as when stearic acid 13 heated by 
itself (Anderson, Anil Cb riiarm Ixiii 373 ) 

13 The .leid heated with ml nj vituol to 100°, for several houis, is decomposed, 
with evolution of sulphurous anhydride, and carbonises at a higher temperatm'e, 
(Chevroul ) 
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14 Rt(,iratt' of '.ulijirtoj to dry distillation, gives off ni.irsli-g.is and 

olcfi.mt giis (ui giisos iiiuiiig tile same composition as the latter), and yields a distil- 
liile contiiuiing a largo ipuntity of bU iironp, inlh hmiill qiiantilieb of otlier IcPtones, 
wliilo c.U'hoimte of calcium reiiiaius lieliiud The distillate does not conlaui any fatty 
acid (H e ill t z). See Ptlilrone 

15 Stoiirie acid distilled with excess of amlme^ yields phenyl-stenramide From 
its alcoholic solution mixed with aniline, however, it crystallises unaltered (Pebal.) 

16 Stearic acid, heated with methi/lic, Myltc, and the homoloyous alcohols, with 
imimitc, quorate, pmiie, and sugars, with glyccrm, orcin, mtctmin, erythroglucin, 
imd cliolestei m, yields ethereal compounds, formed from the acid and the other body, 
with cdimiuation of water "When heated for tliirty-stx hours with yi7/)£ya//;n aad to 
200=, it forms a ciyatalhno compomid. (Bobing, Compt. rend, xiv 1149 ) 

Stearates. — Stearic acid dissolves in a cold aqueous solution of allcaline carbonate, 
pi'iihably from formation of acid carbonate, hut does not expel the carbonic acid, and 
iorin a mono-acid salt, till heated to about 100° On tlie other hand, the stearates 
are decomposed by most other neide, the eeparuted etearic acid rising to the eurface ns 
nil oil when the liquid le w.um. The stoarates have the consisteuca of hard soaps and 
plasters, and are mostly insolnblo in water. 

Stearate of Ammomum — Stoane acid, either m the fused or in thosohd state, 
.absorbs nmmoiiia-s'as without elimination of water, the quantity absorbed amounfing 
after a month, when the ahsoi-phoii ceases, to 0 08 pts. ammonia for every 100 pts. 
of and (I at. NE“ = 5 9 pts) The compound is solid, white, inodorous, has an 
alktiline tnsto, may be sublimed m a v.ictium, and then gives off ammonia, hut takes 
It up again on coo'ling "Whon heated m a vessel containing mi, it gives off .iinmonia 
and water, and yields a sublimate of acid salt, mixed with cmpyreumatio oil The 
neutral salt, when protectnl from tho air, dissolves in hot water, especially in nmnio- 
niaoal w.iter, and the solution on cooling deposits tho neid salt in nacreune hinnnaj 
(C lie VI evil) The solution of stearic acid in hot dilute aqueous ainmouia deposits 
small needles on cooling. Wlien he.ited for some time, it becomes turbid, and is then 
not clarified by further addition of ammonia. The needles dissolve m alcohol and in 
ether (Crowder) 

Stearate of Barium, is obtained by precipitating the hot alcoholic 

solution of an alkaline stearate with a hot solution of h,irmm-chloinde, or a hot 
alcoholic solufion of stearic acid with a hot aqueous solution of baric acetate It is 
a white eaystalline powder, consisting of microscopic laminae, and having a naereoiis 
lustre when dry It is insoluble m water, and decomposes without melting when 
heated. 

Stearate of Calcium,, C™E’“Ca"0<, obtained by precipitating ehlorido of calcium 
with a boiling solution of potassio .stearate, and washing the precipitate with boiling 
water, is a white, fusible, tasteless powder. 

Stearate of Copper, C’'’n'‘’Cu"0' — Light-blue, bulky, amorphous powder , molls 
when heated to a green liquid, easily decomposing at the same time (E eintz.) 

Stearates of Lead — monopbimbic salt, C'‘“E’“rb'’0', is formed by proeipi- 
tating a hot aleoliolio solution of the nontiul sodie salt with n hot aqueous solution of 
plumbic nitrate, or of the acetate coutammg a slight excess of acetic aeid , the pre- 
eipitate is washed first with aleoliol, then with water. 'When dry it forms a heavy 
ameiphons powder, whieh is not wetted by water, melts at about 125° to a colourless 
bquid, and solidifies to .in opaque amorphous mass It is insoluble ui ether 

The diplumh,!' sail, C'"B’“rb''0'.Pb'^0, is prop.ired by boiling stearic acid m a close 
vissol wifli tvipliuiihic acetate, and boiling the product first with water, then with 
alcohol It forms a white, tiaiisparent, friable soap-liquid at 100° (Chevroul ) 

Steal ate of Magnesium, C™H™Mg”0'*, is obtained by precipitating the neutral 
Bodic salt with sulphate of magnesium, or by supersaturating a hot alcoholic solution 
of btoai'ic aeid with ammonia, adding a snfiBciont quantity of sal-ammoniac, and then 
an excess of dissolved sulphate of magnesium. After recrystalliaatioii from alcohol, it 
forms dazzling white flocks, consisting of microscopic lammse, which dry up to a 
hght fusible powder. (Eeintz) 

Stearates of Mercury — The mercuric salt, obtained by preoipiteEon with mer- 
curic nitrate, is a white easily fiiaililo powder, which softens between the fingers. — The 
mercurous salt, obtained by precipitation with merenrous mtiatc, is while moist a 
white granular powder, but becomes grey when dry It is insoluble in water and m 
cold alcohol, slightly soluble in hot alcohol, more eoluhle in ether, and easily fusible. 

Stearates of Potahsium—a The neutral salt, G"'H®KO'’, separates on cooling 
from a solution of 1 pt stearic acid and 1 pt polassic hydrate in 10 pts water, in 
white opaque granules, and may be purified by pressure, solution in 18 pts alcohol 
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of specific gravity 0 821, and -Hashing tho needles, nliicli then separate, vvith cold 
aleoliol (Ohevronl') According to Heinta, it ib inobt ciisily nhtaiiicd in the pure 
state, by mixing a boding alcoholic bohilion of the .icid wirli a hot lujiieoiis solution 
of putaasie c.irbon.ite in excess, evapoi.itiiig the m.iss to dryness, exhausting tho residue 
■with hodme .ihsoluto alcohol, and leaving llio hltored solution to crystallise Ittunns 
binning delie.ito needles, bcales, and lumiiae, which aggng.ito into a hard soup, it 
has a Emit .ilkahiio taste. 

In air batiir.ited with moisture, it takes up miu-tenth of its weight of water One 
pt. of the b.dt forms, with 10 pts of cold water, an op.ique giim, which melts at 00’, 
and sehddicb to a peindy giini on cooling One pt of tho salt dissolves completely ni 
25 pts. of boding -Hater, foniung a liquid winch is still limpid at 92°, and solidifies 
to a pearly mass on cooling 

Tlio solution of 1 pt of tho salt in 100 pts of hot water deposits on cooling a 
mixture of neutral and acid stoiirato of pot.issnnn, while one-fourth ol tho entire quan- 
tity of potash lemaiiis dissolved. When the solution of the s.dt in alcohol, or in 20 
pts, of hulling w.ator, ts mixed with 1,000 pts. of boiling water, or 6,000 pts of 
cold water, it deposits .all tho stearic acid as acid s.dt, whilst half tho potash remains 
dissolved in the water. In like manner the neutral salt, when drenched with 5000 
pts of cold w.itBr, gives tip halt ita potash, and is converted into tho acid salt -without 
forming a gum In these cases the alk,dine water contains a trace of stearic acid m 
solution (Chevreul) It dissohcs at 10° in 231 pts alcohol of specific gravity 
0 791, in 10 pts. at 66°, the latter solution becoming turbid at 65°, and solidi- 
fying at 38°, in 6 7 pts of boiling alcohol of specific gravity 0 794, forming a 
liquid which golatiinses oil cooling It dissolves in ether-alcohol, and crystallises 
theiefrom (Crowder, Hardwick) Hoilnig cthor withdraws fiom the neiUrul sidfc 
a certain quantity of stearic acid, leaving a compound richer m potash (Ch evrcul ) 

P Tlie and salt, C'*H‘“I£0'-‘ C‘"II'‘“0°, m ohtainoil by decomposing the neutral salt 
-with 1,000 pis or morn of water When pressed, drirtl, and dissolved in boiling alcohol. 
It separates on cooling in silvery scales, inodorous, and soft to the touch. It does not 
melt at 100°. It is not altered by cold water, but, when boiled with 1,000 pts of water, 
yields a milky liquid, consisting of a solution of tho neutral salt, in which a more 
acid salt is suspended , townrds 76° this liquid becomes clearer, but again turbid at 
67° , if tho liquid be filtered at tho boding heat, the more uoid Salt remains on tho 
filter • 

100 pts, of absolute alcohol dissolve 27 pts of acid pobissic stearate at the hoilnig 
heat, hut retain only 0’36 pt of it after cooling to 24° In consequence of the toiidciicy 
of the alcohol to decompose tho acid suit into thcnuutral suit and steailc acid, the por- 
tion whieh remains dissolved contains a salt iichcr iii sleanc acid than the cryst.illised 
salt When the acid stearate is dissolved in hoiliiig aqueous iilcohol, iind the solution 
is mixed drop by drop -with infusion of blue litmus, tho liquid is ultimately reddened 
by the excess of acid in the salt, but on adding a larger quantity of water, winch 
precipitates a hyperacid salt, and sots free a certain quantity of alkah, tho blue colour 
18 lestored. 

7 Hype) acid salt, C'“H“KO’‘ 3C'“H’“0= (?) — ^Produced when tho neid salt 8 is 
decomposed by boiling water It melts in boiling water, and solidifies on cooling ; 
swells up in cold water. When dissolved in boiling aleoliol, it sepiu-ates into the acid 
salt which IS deposited, and etearie acid which remaiiis dissolved 

Stearate of Silver, C'H^'AgOx — Obtained by adding a solution of 20 gnus, 
of the sodmm-s.ilt in 6 or 6 oh of stiong alcohol to a solution of 12 to 13 grms silver- 
nitrute in an equal quantity of alcohol (Crowder) Amorphous white precipitate, 
very loose, and strongly electric -H'lien diT Assumes a purple colour when exposed to 
light in the moist state , not altered by light when dry Insoluble in water, alcohol, 
and ether, easdy soluble in aqueous uinmomn. 

Stearates of Sodium — a Tho neutial salt, is obtained, like tho 

pntiissinm-snlt, by treating a hot alcohobo solution of steanc acid with oxcp.ss of sodic 
carbou.ite, ev,iporating the solution to dryness with .tddilaon of a little water, and 
boiling the fincly-puherised residue -with absolute alcohol, which leaves the sodie 
carhoimte niidissolvcd Tho hot-filtered alcoholic solution is then imniediately mixed 
with i of its volume of hot w.iter, whoieupon tho greater part of the sodic stearate 
separates on cooling iii tho form of a jolly, while the water retains in solution tho 
small qu.intity of sodic ciirbonato still present The sodic stearate thus separated is 
then strongly pressed, .and dried between 100° and 120° 

Neutral sodic stearate is very much like tho potassium-salt, but liardcr. From a 
hot, concentrated, alcoholic solution it separates as a jelly, which, on st.iiiding, is con- 
verted into shining trauslncent laminre Fr.mcis obtained it (from steal uphuiiic acid) 
in prismatic eiystals, having a fine mother-of-piMi 1 lustre It is tasteless at first, but 
after some time produces a distinct alkaline taste It is permanent in air , in moderately 
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dry air, and oroufrom air saturated <rith moisture, it absorbs only 7 fi percent water m 
twelve days, afterwards not any perceptible quantity. It dissolves in 10 pts boiling 
water, to a thick semitransparent mats, which sohdifles and becomes opaipue at 02°. 
When covered with fiOO pts of cold watei. it becomes more op.ique m 14 days by 
taking up water, and gives up to the water ii trace of soda With 10 pts. water at 90°, 
it forms 11 thiek, iioiirly transparent solution, which solidifies to a white mass at 62° , 
and this, when liciitod with 40 pts. more water, forms a solution which is still filtniblo 
below 100°, and when mixed with 2,000 pts more water, deposits the acid salt on 
cooling, while half the soda and a tiace of stearic acid remain in solution. It is this 
decomposition by water which renders the soap available for washing It dissolves at 
10° in 499 pts. alcohol of speeifle gravity 0 821, and in 20 pts at the boihng heat ; the 
latter solution becomes turbid at 70°, and solidifies on eoolmg to a transparent jelly, 
which afterwards becomes opaque, and contraets, from formation of numerous shining 
crystals Boiling ether withdraws from tho siilt a small qnantity of staanc acid, 
together with a trace of soda, and yields a shght deposit on cooling (Chov- 

/3. The aciA salt, C'®H“NaO“.C’'‘H®0’, is formed, as above mentioned, when a 
solution of the neutral salt in 10 to 40 pts of hot water is mixed with 2,000 pts or 
more of cold water, or when a solution of the same salt in 2,000 to 3,000 pts of boiling 
water is left to cool It then separates in nacreous lamiuffi. It dissolves in alcohol, 
forming a solutiou which reddens litmus , and on addition of a large quantity of water, 
deposits a stiU more acid salt, while free alkali remains in solution. 

Stearate of Strontium, C‘“H™Sr''0'’, is prepared by precipitation, like the 
banum-salt, which it resembles m every respect. 

Substitution-denvattoes of Stearic Acid. 

Bromasteario Acid, C'*H”BrO’ (Oudemanns, J pr. Chem Ixxxix 196) — 
Obtained by heating stearic acid (7 pts ) with water and biomine (4 pts ), in a soah d 
tube, to 130° or 140° at most, till the brown colour of tho bromine disappoais, and 
the mixture assumes the appearance of a yellow oil, cooling to a crjstalbne solid. 
After washing away the hydrobromic acid, the contents of the tube are dissolved in 
20 times their weight of warm alcohol of 80 per cent., and the unchanged atPiirio aoirl 
IS separated by cooling to — 10°. The liquid is then mixed with an equal volume of 
water and an excess of crystallised sodio carbonate, and evaporated to dryness over 
the water-bath. The tough saline mass thus obtained is boiled with 10 voluniPS of 
alcohol of 80 per cent , and filtered as hot as possible ; and the eryetals of sodie bra- 
mostearate, which form in the filtrate (and of which more may bo obtained by evapo- 
rating the solution), are collected and purified by repeated crystallisation from 
aleohol The mother-liquor contains dibromostearato of sodium. 

Brom tho sodium-salt the hromostearic acid is separated by dilute sulplinrio acid, as 
a yellow indistinctly crystalline mass, melting at 41°, and of specific gravity 1'0653 
at 20°. 

It 13 very slowly decomposed by heating with excess of caustic potash Bromo- 
stearate of silver, heated with watei, forms hromido of silver ana stearidie acid. 

The acid is insoluble in water, but dissolves easily in alcohol and m ether. It 
forme with the alkalis soap-like comTOunds, which crystalhse from alcohol — Bromo- 
siearate of potassium is more solnhle than the sodium-smt. The alkahne bronioatearates 
form precipitates with most metallic salts 

Dlbromostearlo Aold, C'^H’^Bi-’O- — Formed as above in the preparation of 
bromosteanc acid, and obtained in the form of an iinerystalhsahlo sodiiim-aalt This 
salt is brown, tenacious, very hygroscopic, dissolves easily in aleohol, and forms with 
water an opaque soapy solution. After drying at 130°, it contains 32 6 per cent of 
hremme andS 59 of soda, approximating to the formula 0'"H"“NaBr. (Oudemanns, 
loo. oit.) 

ChloTOstearlo Aold, 0‘*H“C10“ CMorolasstc acid (Hardwick, Chem. Soc. 
Qu J. 11 232). — Formed by treating stearic aeid at 100° with dry ohlonno, whereupon 
It first becomes thicker, and is ultimately converted into a sohd resm, which forms 
with potash an amorphous soap, not erystalhaahle from alcohol The banum-salt 
and lead-salt are insoluble in water. 

STEA31IC AKHYSBISE. C“H™0’ = (C>«H”O)*0.— Obtained m a similar 
mannerto benzoic anhydride (i. 667), hut difficult to free from stearic acid. (Ghiozza, 
Ann Ch. Pharm xci 104.) 

Dcnsostcunc Anhydride, Smcoic Steal ate, or Steanc Beneuate, =. 

(C’H‘0)(O'®H’''Oj0. — Obt.iincd by ho.itiiig potnsaic stearate with benzoic cliloiide to 
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100°, and cxliniwhng Iho product with ether Crystiillisas ui shining himuiai, winch 
melt at 1 00°. (0 h i o .s z ii ) 

STEARIC ETHERS, a Sfeai k Ethab contabwtg the JleolwI-rachdee, C"1P“+' 
and MBTnYi.ic iSti!ak.\.tii, or Mcflii/hleario Elite), L!"’II’"0- = 

C"*H““(CH“)0- (Lasaaigne, Ann Ch Ph.irm xm 168) — rrudncod by liciitiug '2 
pts. mothylie alcohol with 2 pts siilphnrio .icid .ind 1 pt steuric acid, or by luufiiig 
btcanc acid withinethylic nlcoliol m n bciilcd tube ior a d.iv It is a neiihvil, erystal- 
liuo, seniili.uisparunt mass, iiisolublo in w.itor, iiiolLing at b5°? (LiisBaigiio) , at 38° 
(Ha iihart, Gumpt rend xhii 230) 

Ktiitlio Stcahati,, commonly called Slcnnc Ether, C"»H»0’ -- C'»H“(C=n')0^ 
(L as saigno, fee nt — Itcdtonb-icher, Aim Cli. rharm xxxv 01 — Stenhoiise, 
ikd XXX71 68 — li'rancia, ihid xlii 261 — ^Grondor, J pr. Chem Ivii 202 — 
Heintz, sco Memoira cited, in. 1069 — Diifty, Chem Soe Qii J v 107 — Pobal, 
Ann Ch Ph.irm sci 153 — ^Berthclot, iii(7 Wxxviii 312 — Hanh.iit, Comjit reinl 
xlni 230 — Berthelot and I'leiirien, Ann Cb Phys [3], Ixvii 79) — This ether is 
produced. 1 By heating stearic acid with nlcoliol to 200° , siiiall quantities ore produc'd 
also by heating tlio iniiterials together to 100° tor 102 hours (Borthclot), oi bybml- 
mgstcaneaculwilh .ilcohol (L.issaigno). — 2 Bypassing hydrochloric acid gas into an 
alcoholic solution of stcario acid (Ecdtonbaclicr) , by beating alcoholic stearic acid 
with acetic Iieid to 100°, the whole of the stearic acid then oiitoviiig into combiuiitimi iii 
102 hours (B erth el ot) — 3 By tlio action of alcohol on the product funned by heating 
stcario acid with pentaclilorido of phosphorus (Pobal) — i By boiling tristciirm with .i 
solution of sodium in nhsolnte alcohol (I) utfv), or by liciiliiig U'lstciirm with small 
qii.iiitities of alcoholic potash. (Bonis, Coiiipt rend xlv 35) 

Pi ojicrf ICS — Ethylic stcarato is a crystalliiio mass, semitransparent, and lesrmblmg 
white wax Melts at 33-7° (Duffy, Hointz), at 27° (Lassaigne), 80°— 31° 
(Iledtonbachar), 31° (Hanhai^t); 32° (Francis), 32 9° (Pobal), 33 3° 
(Orowder) Solidifies to a translucent mass (Duffy), ton eiwstalliiio mass, soft 
at first, afterwaixls becoming hard and brittle (Heintz) Tolatilisos a little at the 
boat of the water-bath (Crowder) , hoils at 224° with parti.il decomposition, leaving 
a residue of charcoal (Duffy) Tasteless , melts on the tongue, producing a sensation 
of cold (Crowder), has abutterytaste (Francis) Inodorous in the cold , smells 
faintly wlien heated (Francis) 

It dissolves very easily in alcohol and in ether, and crystallises from alcohol, hut not 
from ether (Duffy) 

Decompositums. — 1. For the decomposition hy heat, see above — 2 By water at 
100°, it is partially resolved in 102 hours into alcohol and stearic acid, more iiluiii- 
dantly by amixtureof 1 vol acetic acid and 2 to 3vols water, tlielatter reaction (atiiig 
place without any formation of acetic ether (Berthelot), — 3. Fuming hi/(hoohlo)io 
acid at 100°, converts it in 106 hours into ehlorido of otliyland stearic ,ioid'(Bei tlie- 
lot) — 4. it IS decomposed hy aleoholio hut not hy aqueous }>ot(ibh (Duffy) — 
6 Anhydrous iaii/ta heated with the other to 206° in a sealed tube, clcoompobcs it 
completely, and the product heated with water yields alcoholate and stearate of barium 
2C»H«0« + 2Ba"0 = C“H>»Ba"0* + C'Hi"Ba"0' 

These are the only products , no ethylie other is foimed (Bert ho lot and Flourieii) 
— 6 Heated to 100° with gli/cam, it does not jield stearin, even in presence of 
hydrochloric acid. (Berthelot) 

Etetlenio Steahate, C’“H”0‘ + (Wurtz, Ann Ch Phys 

S , Iv. 436) Glycolic Eislearaie Glycol dtslhanqiie — Ohtmnod by the action of 
imide of otbylene on stearate of silver. The product is exhausted with etlior, the 
ethoioid solution" treated with potassie hydiato, and the filtrate left to evaporate It 
forms light shining liiminic, melting at 70°, and resembhng tristcarm. 

Amtlio Stbahate, C=»H‘“0= - C“H“>(GH")0— Obtained by heating stoiino 
acid with amyhc .alcohol to 200° in a sealed tube for a day , or by passing liydio- 
chloric acid gas into a solution of the acid in .imjlie alcohol, or by boiling tn- 
stearin with a solution of sodium m ainyhc alcohol It is a neutral, soft, viscous, 
transparent mass, molting at 25 6° (Duffy), at 26° (Hanhart) It is decom- 
posed by alcoholic but not by aqueous potash, dissolves slightly in alcohol, the 
solution sohdifying to a jelly. Tlio ethereal solution does not yield crystals 

OoTYEio Steabate, (P-H^W = C>“H?°(C>'H'’)0=.— Obtained by heating 
stearic acid with oetylie alcohol to 200° in a sealed tube for a day It is coloiu’less, 
inodorous, tasteless, neutral, and melts at 46°. (Hanhart, loc oil.) 
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CuTyiic Stb AEATH, C®'*H®0* = (Berthelot, Ann, Oh. Phya, 

[3] Ivi 70 ) — A mixtuie of 3 pa.rtof othal with 4 or 5 parts of stoaric acid is heated 
to 200° in a sealed tabs, for 8 oi 10 lioiu'S. The product is mixed first with a httlo 
Gthor, ond then with sluiced limo, which takes up the uncombined stearic acid; and the 
whole IS heated to 100“ for some minutes, and afterwards boiled mth ether, whereby the 
othal and cotylic stearate are dissolved, and remain behind on evaporating the solution. 
Ih’om the mixture thus obtained, the free etliiil is removed liy boiling five or six times 
with 6 to 10 pts of alcohol, and the luidissolved cetyl-compound is then aUowod to 
erjstullise from otlier It forms broad shining laminae, rcsombhng spermaceti, melting 
at 6,1° to 60°, and cooling to a crystalline solid. It is neutral, but decomposes partly 
by volatilisation, with formation of a little free acid. 

Steanc lEihers contaimng other Organic Sadicles — Berthelot ^Ann Ch. Phys. 
[3] xlvii 324, Ohinm orgatiiquc, ii 191 — 219), hy heating stearic acid with glucose, 
mimnitc, ihihUe, pinite, and queicilr, and purifying the product in the manner described 
under Maicnite (hi. 824), has obtained the following fatty compounds resembling 


G-lucio Distcarate . 


Duleitic, Maimitic, Pinitic, Quorcitio Distearate 



Dulcitic Tetraslearato . 

Jilanuitic and Pinitic Tetrastearate 
IM.miutic Hexstearato 


CMHHBOO =, 

CUH'^O" = 



All these compounds, when heated with hydrate of barium, are resolved into stearic 
acid and the respective sugars Them fomiiilie require confirmation. 

OAirvHio Stbauate, Stearate of Camphgl. Camphol 

itkv tqiw. Strnrinsaum Hot ncoJ — Obtained by boating stearic acid with borpeol 
(i, 626) to 200° for eight or ton hours in a sealed tube , water is then eliminated, atJd 
a mass is formed, from uliich tlio nncombinod stearic acid is lomovodby cautious and 
r.ipid treatment with ether niid slaked lime, and the free bornool by heating the 
evaporated ethereal solution to 1.50“ in an air-bath for half a day or longer. 

It IS a thick, colourless, and inodorous oil, which solidifies to a crystalline mass 
after some days or months , neutral when freshly proparod; volatile ^without decom- 
position ?), decomposed bjr alkalis into stearic acid and borneol. — Dissolves shghtly 
in cold, and easily in boiling alcohol and m ether. (Bertholot, Ann. Ch. Phys. [3] 
Im 89.) 

Gitobbio Stbaeatbs See SiKAams, ' 

Meoonio or Opiantlic Stbabatb, Stearate of 

Metonin Stearate of Optanyl ilffconwas/fe«j«f — Ponnodbyheatmgmeconin with 
stearic acul to 100° for sovom hours ; boiling tho product with water, which takes up 
uncombined meconin , and removing tlie excess of stoane acid with hme and ether, as 
111 tho case of cetylio stearate. It is a neutral, white, solid mass, which melta easily, 
and solidities very slowly. (Bertholot, Ann. Ch Phys [8] Ivi 76.) 

,Stbab1ite op Obcin, C«H'W = ■W]ienorcin(iv.211)ishoated 

with stearic acid to 200° in a sealed tube for some hours, a mixture is obtained from 
which w'utor oxtmets the uncombined orcin. On separating the excess of stearic acid 
from the residue, by means of other and slaked hme, tlio stearate of oreiu remains 
dissolved in the ether, and may bo purified hy evaporation and solution in sulphide of 
carbon 

It IS a slightly coloured, tasteless, neutral wax, wliich, when heated, evolves an 
odom' of orein and stearic acid, and volatihses. Combustible Assumes a red colour 
with ammonia. Heated to 100° for some days, with moist calcic hydrate, it yields 
cnleic stearate, and a substance soluble lu water and alcohol , the latter body becomes 
coloured intli ammonia, like orciu, but does not form crystals 

Stearate of orcin is insoluble in wt ter , but easily soluble in ether and bisidphxie 
of cat bon. (Bertholot, Ann. Ch. Phys. [3] Ivi. 74) 
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STXSAKISIC ACIB. C'"H“*0= (Oudemanns, J. pr. Chem. bnmx. 193.)— 
An acid isomenc with oleic acid, obtained liy heating bromostearate of silver with water. 
It 13 an amorphous masb, roscmbluig the soft animal fats , has a peculiar faint odour, 
molts at 35°, aud distils unchiinged. It dissolves in alcohol more easily than elaidic 
acid, and does not crystallise from tho solution With the alkalis it forms soaps, the 
aleuhohc solutions of which give precipitates with metallic salts. 

STEARINS. Glyceric Stearates Stearates of Glycciyl, — Stearic ethers formed 
from glycerin, {0’II“)'".H“ 0“, by tho repkeeinent of 1, 3, or tho whole of tho typie 
hydrogen by the monatomic rudiclo Bto.iryl They may all be pioduced artificially, 
by' heating steanc iicid intli glycerin, tristoann is .ilso a constituent of most of the 
more solid fats of the animal and vegetable organisms. 

Monosteabin, C“'II“0‘ = 0"'II"“0f0’ (Borthelot, Ann Ch. Phys. [3] xH, 

221.) — Prepared by heating a mixture of equal parts of stearic acid and glycerin to 
200° in a sailed tube for 36 hours, then leaving it to cool. On opening the tube, there 
is found floating on the exfeas of glycerin, a solid layer, containing monostearin and 
uiicomhined stearic acid. This layer is melted, mixed with a small quantity of other, 
then with slaked lime, and heated to 130° for a quarter of iin hour, whereby the stearic 
acid IS made to unite with lime The monostearin is separated by exhaustion with 
other and spontaneous evapor.ition. 

Monosteorin forms very small white needles, aggregated in roimdish grains, meltmg 
at 61°, and sohdifying at 60° to a hard, friable, waxy mass. It is neutral in alcoholic 
solution, volatihscs without decomposition in a vacuum. Very shghtly soluble in 
cold other _ , 

Monostearin decomposes when heated in a tube, with formation of acrolein. 'When 
It IS heated on platmiim-foil, a portion evaporates, while tlie rest turns yellow, and 
burns with a white viuy luminous flame. Heated with fuming hydrochlono aeid 
to 100° in a sealed tube for lit) hours, it is almost wholly resolved into glycerin 
and stearic acid. A tr.ice of a neutral chlorinated liqmd is mrmed at tho same time. 
Munostoai'in is decomposed hy heating for some hours to 100° with moist protoxide 
of lead, yielding nearly 25 per cent, glyccnn (calc. 25 56 p o, 0“H“O®). It is not 
decomposed by heating to 100° for 26 hours with alcoholic aoetio (und. 

(C’H»)'" I 

Dis*baiiin, C”H"’0‘ ■= (C‘“H“0)yO'' (Berthelot, loe.eit.) — Obtained* 1. By 

H ' 

beating monostearm with 3 pts of stearic acid to 260° for three hoims. — 2. By heating 
stearic acid with an equal quantity of glycerin to 100° for 111 hours , or to 276° for 
seven hours. — 3 By heating tlio stearin of natural fats with excess of glycenn to 200° 
for 22 hours. Separated like moiiostearin It forms white microscopic laminES, which 
melt at 68°, and solidify, like monostearm, at 66°. Obtained in needles by 
spontaneous evaporation from elher. Neutral, decomposible by moist oxide of lead 
at 100°. 

Tkisteabin, C‘’H""0“ = O’- Sieanne or Substance grasse of Chovieul. 

Smf (iSso/a of Braconnot. Talgfett (OhoYTeul, liechcrches sur les corps gras.— 
Braconnot, Ami Chun xciii. 226. — Vogel, ibid Ivm. 154 — Leoanu, Ann. Ch. 
Pharm xii 25 — ^Liohig and Pelouze, liiif. xix 264 — ^Redtenbachor, xxxv. 

195.— Francis, ibid, xlii 264— Arzbueher, ibid. btx. 239, — Heintz, see Memoirs 
alieady cited (in. J069) — Duffy, Chem. Sec. Qii. J. v 197, 303 —Borthelot, Ann. 
Cli Pliys [3] xh 216, 432, xlvii. 297, also Clnmie organupie, ii. 62 et seq — 
II Kopp, Ann Ch Pharm icm, 194. — Bouis, Corapt rend xlv 36; Jahresb. 1857, 
p 357 —Boms and Pimentel, Gompt. rend xliv. 1365; Jahresb 1857, p. 358 — 
Gin xni. 118) — This compound was first prepared, though in an impure state, by 
Cliovreul , purer by Biaconnot BertboloL’s researches have demonstrated the identity 
of the steanu of natural fits with tnstenrin. It occurs in many fats, especially in the 
solid tallows and lards ot the animal kingdom (p 413) — The stearuphanm of Francis 
IS also resolved by .sa]>oiiifieation into steanc acid and glycenn, but difrorB widely from 
tristo.irjn in its meltmg-poiiit (p. 426) 

Freparatwn — Moiiostearin is heated for three hours with 15 to 20 times its weight 
of stoai'ic acid to 270° m a sealed tube, and the product is purified m the same manner 
as monostearm (Berthelot) Heintz (Ann. CU. Pliann. xcii. 300) heats steanc acid 
with glycerin to 200° for 24 hours, in a sealed tube filled with carbonic anhydride , 
the, tube is then openid, tlie glycenn deimnted, the free steanc acid removed by 
treatment with ether .iiid lime , and (ho mass of glycerides dissolved out by boiling 
ether. Tho mixture thus obtaiiud alriudy euiitains monosteariu, and may be converted 
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into tristearin, by heating to 270° for eight hours with a large excess of stoario acid , 
the uncombmed gteaxio acid may then be removed as before, and the tristearin dissolved 
out by hot ether 

Chavreul’s stearin is obtained, by dissolving mutton-snot in boihng alcohol, and 
recrystallising the fat, which separates out, till the melting-point becomes constant 
rarer than tins is Braconuot’s stearin, obtained by repeatedly melting miitton-suot 
with oil of turpentine . still purer is that of Lecanu, who melts mutton-snot in the water- 
bath, adds an eipial quantity of ether, stirring all the while ; presses the fat when 
cold, and recrystallises it till the melting-point rises to 62°. Above this temperature 
the melting-point does not appear to be raised by repeated crystaUisation from small 
qiiantatioB of ether , hut it may stall he raised by repeated crystallisation from 10 to 
100 times its volume of ether. After 32 crystaUisations thus performed, the melting- 
point rises to 69'7° (Duffy) . but the fat thus treated is stall a mixture of tristearin 
and tnpalmitin (Heiutz), as shown by its melting-point, and hy that of the acids 
( = 66 5°) separated from it by saponidcation. The melting-points of the fatty acids 
obtained by saponifying difforent varieties of stearin, are as follows — 

Chevroul’s stearin, sohdifying at 44°, yields fatty acids melting atS3° 


Braoonuot’s „ 


61° .1 i 

62 3° 

Lecauu’s „ 


62° 

66° 

Liebig and! 
Pelouze’s) " 


60—62° „ 

„ 64—66° 

Heintz’s „ 


62° „ 

,, 64° 


From brindqnia-tallow, according to Bonis and Pimentel, pure tristearin may bo 
separated by reoiystallisatioa, yielding by saponiflcation an acid having the melting- 
point of stearic acid, 

T^operttes . — Tristearin forms white, pearly, shining nodules, together with very fine 
needles (Bouis and Pimentel) , small pearly laminm, losomhliiig spermaceti or 
stearic acid (Lecanu) Inodorous, tasteless, neutral. Volatile without decomposition 
in a vaeiium (Chevreul). A non-eondnotor of electricity. (Eoussoan, J. Pharm 
IX. 687.) 

The stearin of the natural fats, as well as that artificially prepared, exhibits two 
(or tlirco) diffoient melting-points, since when heated it fii'st becomes fluid and trans- 
parent , afterwards, when fui'tlicr heated, again solid and opaque , and, lastly, a second 
time fluid (Hointz, Duffy, Aopp) It expands when heated, hut ou first molting 
undergoes a contiaotion of about 2f per cent. , near its second meltiug-pomt it ag.un 
expands, and at the moment of molting increases about 8 jior cent m volimio (Kopp) 
Tallow-btoann melts first at 61—62“, and the second time at 62° , at 68° it is quite 
opaque (Heiutz) 'With purer or less pure tallow-stearin somowhat different tem- 
peratures are observed 

This phenomenon is not produced by the splitting-up of tristeaim into chstoann 
and free acid, inasmuch as alcohol of 66° takes up no stearic noicl therefrom (H ei n tz) 
According to Dufly, it is to be explained by the hypothesis of tlu'oe modifications of 
steai'in (GuYOEiiroES, ii 879 ) 

а. First modijicaiim — ^Produced when stearin melting at 69 7“ is heated to 73 7° 
or higher, and then cooled, when it solidifies only at 61 7° It is solid below 62°, 
but melts at that temperature, passing into the second modifleation Shining nodules 
of specific gravitv 0'98a7 at 16°, 0 9600 at 61 6° (Duffy), 0 987 at 10° (H Xopp.) 

б, Second modificaiion — ^Produced by heating stearin of the first modification to 
62°, or a few degrees higher, for some time, until the fused mass has again become 
solid Lamellar, molting at 64 2°. Specific gravity = 1 0101 at 16°. (Duffy) 

7 T/uri/ modifwaiivn. —Forms the mystala of stearin winch separate from other. 
It is also formed when stearin is heated to 65° or 66°, nftei which it solicUfles slowly, 
at 62—63°, to an opaque, friable, highly crystalline mass, and molts again only at 
69 7° Specific gravity at 16° = 1 0179, at 61 6° = 1-009, at 66 6° = 0 9931 , at 
68 2° = 0 9740. (Duffy) 

The specific gravity of molted stearin at 65 6" is 0 9246 (Duffy). Duffy’s second 
modification is not obtained from pure stearin, which, however, contains the first and 
third modifications, even after several recrystaUisations , it is, tlieieforo, not to be 
regarded as pui'6 bteui-in (Hointz). TiiHow-stoarin, melting at 60°, possesses at 60°, 
in the first modification, a volume = 1 031, and after passing into the second modifi- 
cation a volume = 1 008, the volume at 0° being = 1 ; its volume increases to 1-076 
at the melting-point, and on melting to 1 127 (H Kopp ) 

Melted Bte,irm solidifies on cooling to a very indistinctfy ciTstalline mass (Hointz) ; 
to a blistered mass, which exhibits transparent and dead-white portions (Bouis and 
Pimontol). The temperature of melted stearin falls several degrees below the 
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solidiiying-pomt before the mass hccomos solid, hut rises again dunng solidification 
to 44° (Chovroul), 54° tLocanu), it forms a aomitransparent mass, liaraig an 
eren surface, tlio ccntial part of irhicli ultimately solidifies in radiated crystals. 
(Chovroul ) 

The purcantage composition of tnatearin is as follows. — 


C« . 
H>'» . 
0 “ . 



78 91 
12 39 
10 70 
100-00 


Liebig and Peloilzo. 
74 52 to 76-09 
12 39 „ 12-32 


AiCbuchcr Duffy Heintz Certhelot. 


0 . .76 51 

n. 12 28 

0 . . . 11 21 
100 00 

Bortlielot analysed arfificully-piopared tiisteaiin The stearin of hcef-suet contains, 
noeoi'diag to Ai-zhiic-her, 78 74 pei cent, 0 , hot Heiiitz (4) and Dufiy (o) found it to 
have the same composition ns tli.it fioiii niiitton-siiot Diiflfy oxiiniined stearin molting 
(a) at 62 6° and (4) at 69 7° The lormiila of triste.irin was deduced by Berthelot from 
tliccoinhimng proportions of^lyccim witii acids (Ethuiis, ii 519, Glyoeihdes, ii. 877), 
Dutij having pi-uviously shown that in tlio formation of 1 at steanc acid from stonrin 
1 at carbon is ohniiiiatcd BerthoIoL’s foiimila aloiio explains how, in tlio saponifica- 
tion of stearin, the undcimentioncd .imoiinU of glycerin and acid are pi-odiicorl. 

Bteariii is not percept ibly soluhle in alcohol of 30° B , nor even in alcohol of 97 per 
cent. 111 the cold , it dissolves nhiindiintly in hot alcohol, and soimintcs in fioclcs on 
cooling (liL-canu) 100 pts of boiling alcohol, of specific gravity 0 795, dissolve 
15 04 to 16 07 pis of Clie\-roul’s tallow'-fat tiom nnittou-suet; 16-48 pts, of that 
fiom hocf-s\iot; lS-26 from hog's-lavd , and 36 from goose-lat. 100 pts. of boiling 
alcohol of specific giavity 0 805, dissolve 0 63 pts of tallow-fat , 100 pts of speeiflo 
gravity 0 822 dissolve ] 45 of tho tallow-fat of butter, which is deposited almost onlirely 
on cool mg (C h c V r e 111 ). Stearin precipitated tiom an alcoholic solution rot<iins alcohol 
oven after prolonged ftisioii (S.-iiissiiro.) 

Ste.u'mdissolTe8Veiy frcclyinboihngcl/w, whichrctams ’ n. i-y ........n 

It dissolves in hot acetone more freely thaii in cold, .and is 

by the addition of water (Cheiievix) It is easily soluble i 

with melted camphor, and rnth drying and oil-fat A solution of 1 pt of stearin in 
160 pts almond-oil deposits white flocks of stearin when mixed with 170 pts of 
ether; it is therefore not i-eudored moi-o soluble lu ethc-i-by adiruxtiu-e with a fatty oil. 
(Loeanu.) 

Xheompomfions — 1 .Stearin yields by dry distillation tlio products of decomposition of 
stuaric acid and of glycerin— viz , carbonic .liiliydrido, gaseous and liquid hydrocarbons, 
ncroloiii, acetic acid, water, and free carbon , part of it, however, passes over unaltorod. 
Tho liydrocarhons boil between 190° ami 215°, and are polymorie with ethylene 
(G-orhai-dt) — 2. Pure steiinn does not alter by oxposm-o to the air, and impiu-o 
stearin probably turns rancid only when it coiitams olem or drying ml. (Cliovreiil ) 

3 Tnstearm is easily saponified by alhalu, had-oxide, aud oflier bases, yielding 
stcai-ic acid (iiieltiiig at 70°) and glycerin, 1 at. of pure tnstearm yielding 8 at. stearic 
acid, and 1 .it glycerin 

Pure ti-istciiriii fioiii Srindonia indica yielded 95 7 per cent, stoarie acid , artificial 
stoariii yielded 9.5 6 per cent stearic acid, and 10 2 glycerin dried in vacuo (Heintz) 
tho quantities required by calculation are 95 7 stearic acid, and 10 3 glycerin, the 
purity- of tho substance and tho correctness of the foi-mula are thoreforo fully proved 

4 A solution of bodium-ethylate in absolnto alcohol decomposes stearin when heated, 
yielding sodic and etliylio steaiato, together with glycerin in like manner, with 
sodium-amylatc, it yields araylic stearate (p 421). 

6. A solution of dry anmoma-gas in absolute alcohol does not act on stearin, even 
after prolonged boiling, 

6 Bromine and Moi me decompose stearin, forming suhs'itution-produots, which are 
softer and more soluble th.in stcurm itself. Tho clilorine-compoiind contains 21 2 per 
coat, cldoriiie, tho bromine-cnnipoimd 35 9 hi-omme. (Lotort, J. Pharm. [3], xxv. 


76 87 
12 20 
10 93 
100 00 


76 74 
12 42 
10-84 



STEAROCHLOEHYDRIN— STEAEOPHANIC ACID. 425 

7. Stearin mixed with pancreatw jmce yields an emulsion in irliioh the whole of the 
steann is resolred into stearic acid and glycerin, on standing for a day or two at a 
temnerature of 30 — 10°. (Bernard, Bertholot ) 

STBAEOCHIiORHVnRIBT. (S»‘H«C10’ = G»H»‘0 V lit Produced hy 

passing hydi’ochloric acid gas for some time into a mixture of stearic acid and glj conn 
heated to 100°. After being left to settle, tlien washed with sodic carbonate, and 
repeatedly dissolved m ether, it forma a solid mass melting at 28°. (Berthelot.) 

STBAROaiiVCOBE. Gbtcic Stearate (p 421) C“H»0’ = 2C‘»BP“0' + 
C"H'“0“ — 3H“0. — saccharide produced by heating stearin with certain kinds of 
sugar To prepare it, a mixture of stearin and anhydrous glucose is heated to 120° 
for fifty or sixty hours, and the product is purified by other and lime, like mouostearin 
(p. 422). Cane-sugar and ti'ohaloae also yield the same compoimd ; when trehalose is 
employed, the mixture may be heated to 180° Small quantities are obtained likewise 
from steanii and staich at 180°, and from stearin and woody ftbro at 200°. 

It forms microscopic fine gr.uiiiles, or a white fusible mass resembling stearin. It 
is neutral. It assumes with oil of vitriol a reddish colour, qmokly chaugiug to violet 
and black. It reduces potamo-oiiprio taritate, is decomposed by treatment with 
warm alcoholic hydrooUono (uad, with formation of glucose, humus-suhatanoes, and 
othylio stearate. (Berthelot, Ann. Ch. Phys. [3] lx 96.) 

STBAROOORrOTE (from arias, tallow ; and arfrif, powder). — The name applied 
hy Couerbe to a fatty substance, which ho obtained, together with others, from the 
brain, by exliaustion with ether and then with boiling alcohol. It is described as a 
yellow-brown pulverulent fat, insoluble both in alcohol and other, unless fixed oils are 
also present, in which case it dissolves in ether , hence it is dissolved out of the brain 
by ethoi', and on evaporating the solution to dryness, and exhausting with alcohol, 
oopiialote (i. 823) dissolves, and stoaroeonoto remains behind. According to Couerbe, 
It contains both sulphur and phosphorus According to PrAmy, however, it is not a 
deflmto Biibstanco, hut a mixtuie of hrain-albnmin, oleopliosphates, and eorehrio 
acid , and uccorduig to the more recent investigations of v Biiira and W. Muller, all 
the substances found in the brain by Couerbe and FiAmy are chiefly mixtui'os of 
different fatly acids. The presence of sulphur and phosphorus in tiiese fats appears 
very doubtful. (See Nbhvous Tissue, in 32 , also Handw. d. Chem. viii 228). 

STBAROBAVRETIKT. The name applied by G-rosourdi (J. Ctiim, MAd 
[3] vii 267) to a solid fat, which separates, on standing at + 10°, from the oil 
obtained by warm pi essuro from the pericarp of bay-bomos (Sie fruit of Lauras nolnlis) 
It forms warty masses, but has not been fiu-tlier examined. 

STBAROIiATTRin'i Q-rosourdi's name for a fat deposited, on standing at 
+ 10° to + 4°, from the oil obtained by warm pressure from the shelled seeds (cotyle- 
dons) of the fruit of Lauras nobdts. It forms a yeUowish-whito mass 
STBAROSiTE. C”H”0 = C'®H”0 C'S" (Biissy. Ann. Ch. Pliarm ix. 269. 
— Eadtenbaoher, ihd. xxxv 67. — ^Varrontrapp, ibid xxxv 80.— Eownoy, 
Chem. See Qu. J. vi. 97 — Heintz, Pogg Ann. xoiv. 272; xevi 66.)— This body, the 
ketone of stearic and, is produced by the dry distillation of stearic acid, or more 
abundantly by that of calcic or plumbic stearate To purify it, the solid distillate is 
boiled with water, the finely pulverised residue is heated with ether to the boiling- 
point, and after cooling, collected on a filter and again treated with ether pure steaiino 
then remains behind. (Hointz ) 

The substance described as margarono by Bussy, Bedtenbacher, and Varrentrapp, 
and obtained by the distillation of impuie stearic acid, was a mixture of stoarono and 
palmitone ; Eownoy’s stoareiie (p. 412) is doubtless also impure stearono. 

Pure stearone forms delicate, poorly, microscopic lamimiB very strongly elootrio It 
IS slightly soluble in boiling alcohol, and separatet, almost entirely on cooling ; nearly 
insoluble in cold and very slightly soliiblo in boiling ether It melts at 87 8°. 
(Heintz.) 

Sromostearones — Molted stearone treated with excess of bromine, gives off hydi'o- 
hromic acid, and is converted into a red oily liquid, which solidifies on agitation with 
water, and when washed with aqueous ammonia and then With oold alcohol, and 
repeatedly crystallised from ether, yields dihromoStearone, C^H^Bc'O, in 
laminar crystals which molt at 72°, and are moderately soluble m cold ether 
By the further action of bromine on stearone, a very fusible substance is formed 
probably a more highly biomin.ated product 
STSAROPHAiriC ACIR. Stearic acid from cocciiliis-grams (p 413) 
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STEAItOPBAIfin'. The glyceride obtained from eoconlus-grains. It agrees 
with tnatearm m nearly all its properties, hut was found by Pranois to molt at a 
much lower temperature, viz. at 36° to 36°, doubtless in consecinonce of the admixture 
of fata of lower melting-poiut. ^ 

SXEAROPTENES, The more solid constituents of essential oils. (See Oils, 
ir.l84) 

STEAROXXi. Weltzien’a name for the hydrocarbon which may be 

supposed to exist in etearone, regarding it as (C'®H’“)''’0. 

SXEARVIk. The radide of stearic acid, &c. 

STEATIK. 8yn. with Ceebbboth (i. 830). 

STEATITE. A mmoralogical term used synonymously, sometimes with SoAi- 
STONB (p. 32f ), sometimes with Tine (gi.v.) 

STEATOXD. A name apphed to serpentine occurring in pseudomorphs at 
Snariim in Norway. 

STEEIi. Joier. Sfa?d . — The particular kind of metallic iron to which tins name is 
applied possesses characters which render it to some extent intermediate between east- 
iron and what is commonly known as malleahlo iron, while it is distinguished from 
both by the capability of acquiring very considerable hardness when heated and sud- 
denly cooled, and of becoming soft agam when heated and allowed to cool slowly. 
Steel is generally hardened by plunging it while hot into water, oil, mercury, or some 
other liquid. The greater the reduction of temperature, and the more rapidly it takes 
place, the greater is the degree of hardness produced Steel raised to a white heat 
and then immersed in cold mercury, acquires a degree of hardness nearly equal to that 
of dho hardest white cast-iron, or even of diamond It is then also extremely brittle By 
heating such hardened steel again, and allowingit to cool gradually, it becomes softer and 
less brittle. It is in virtue of this capabililw, which is one of the most distinctive charac- 
ters of steel, that vanous degrees of hardness may be oommiimoated to it, by regulat- 
ing the tomporatnre to whidi the hardened metul is heated before being allowed to 
cool gradually, or to which the soft metal is heated before being suddenly cooled 
Steel tools and instiuments are made and finished while the metal is in the soft state, 
and the leqmsite degree of hardness is given to them as above described. This 
operation is called tempering (tremper, anlassen). The degvees to which the metal 
requires to he heated, in order to acquire different degrees of hardness, are indicated 
by the coloure which it assumes wliou heated, and which are duo to the formation of 
an extremely thin film of oxide on tho surface. They are as follows — 

Tempef nture. Colour. 

220°C. . Faint yellow . . for svwgioal instruments. 

230 . . Straw-vellow . . for razors, penknives, &o. 

266 . . Brownish-yellow for scissois, hard oliisels. 

266 . . Purple spots . . for axes, knives. 

277 . . Purple . . .for tuhle-knives. 

288 . . Pale-hlne . . . for swoi'd-blades, watch-springs. 

283 . . Diirk-blno . . for fine saws, boimg tools. 

816 . . Blaekish-blue , . .for hand-saws, 

Tho distmetion between steel and cast-iron or malleable iron is not by any means 
absolute, but consists rather in the degree to which considerable hardness, or tho 
capability of acquiring that character, is associated with tenacity and malleability. 
Accordingly, there ore numerous varieties of steel approximating more or less to cast- 
irou or to malleable iron Together with such differences m the nature and qualities 
of steel, it has generally bean found that there are corresponding differences in the 
.iniount of carbon the metal contains, the closer the approximation to malleable iron, 
the smaller is the amount of carbon in the metal, nud the reverse When the amount 
of carbon is less than about 0 66 per cent , the capiabihty of being tempered is either 
wanting or very slight When it amounts to 1 75 per cent , the metal is capable of 
beiEg made very hard, but its tenacity is much reduced Tho capability of being 
hardened and tomporod is combined with the maximum tenacity when the carbon 
amounts to obont 1'6 per cent The opinion that these characters of steel are inti- 
mately connected with the amount of carbon it contains has long been entertained : 
but it IS still uncertain in what manner thcao facts are related. 

Among the various substances which are frequently present in metallic iron as 
impurities, those which appear to bo most prejudicial to the quality of steel are sulphur 
a,nA phosphorus 

Tho fact that Certain iron-ores containing viauganese are especially suitable for the 



[prove its quality, 

1 are discordant, 
steel, but further 


^ constituent has 

been alleged byFr^my, but Marehand, Eammelsberg, and Boussingault 
have failed to detect, by their analyses, any greater indications of nitrogen than 
might bo fairly refoiTed to accidental sources. Caron infers, from his observations, 
that if steel contains nitrogen, it is not as an essential constituent Similar results 
h.ive been obtained by Stuart and Baker (Chem Soc J. [2], ii 390) 

The colour of steel is •greyisli-wliito, sometimes almost pure white, and the 
hardened metal is somowliat whiter than the soft metal. The lustre of steel is not 
remarkably different from that of malleahle iron. The surfaces of fracture present a 
very tine granular texture, very imiform, and without any of the fibre charactenstio of 
good malleable iron. The fracture of hardened bteel presents a rsmarkably close fine- 
gi'.iined textui'o. Steel is always harder than malleable iron, hut it is never so hard 
as that kind of white cast-iron known as “ Spiegelcisen ” The tenacity of steel is 
greater than of either cast-u’on or malleable iron, or indeed of any other metal. Accord- 
ing to the experiments of Musachonhrock and Bennie, it is at least twice ns great 
as that of maUoabla iron It is slightly reduced by hardening, hut by annealing the 
metal its tenacity is rendered even gioater than that of the unhardoned stool. 


Tmaeity or Tensile Strength of Steel. 


Kind of steel. 

Length i^lse 

Crosswise 

square Inch 

Ultimate 

length j cross 

Authoritr. 

SUeai steel bars rolled and forged 

118,468 


0136 


Kapior 

Puddled stool bans rolled and forged 

90, n 00 





L'ast-stoel burs rolled and forged 
PlKldlt'd St66l plUitOB i 

130,000 

5 102,693 

86,365 

'•028 

■013) 

Bennie 


1 71.632 

67,886 


057 ( 


l.’.ist-stocl plates 

( 94,289 

96,308 

•057 

096) 


\ 76,694 

69,082 

•198 

196 ( 



Sco Kirk aldy, Trans Inslitut Engineers in Scotland, 1868-0, and Tnsile Strength 
o/ /tom irad Serf (London, 1862); also Eairhairn, Blit Assoc Eeport, 1866 

The iiiulleubihty of soft steel at the oi dinary atmospheric temperature is oven less 
tlian tli.it of hard cast-iron. Hardened steel is very buttle, and will not bear working 
with the h.immei Thu malleability of stool is, however, considerably increased when 
the motiil IS heated 

The specific gravity of soft steel varies holMoen 7 0224 and 7 8131 (Karston). 
It IS sniiiowhat reduced by hardening the metal , viz. from 7 76 to 7 65(Rinman), 7'79 
to 7 67 (Pearson) 

The spuciflcheatof steel is 0 11848 (Eegnanlt) Its hnour expansion, whenheated 
fiom 0° to 100° C , is scarcely greater than that of malleable iron, but less than that of 
cast-iron (Davy) By healing fiom summer heat to red heat, a steel bar longthous 
about™, malleable iion pig, and cast-iron by heating to whiteness, steel lengthens 
J;;, malleahle non anA east-iron ^Klnman.) 

When steel is heated to whiteness, it becomes soft hke malleable iron, under the 
saino condition, and is then capable of being wrought and welded not only to steel, 
but also to malleable iron It wolds at a lower temperature tlinu u'on does 

The molting-point of steel is between that of cast-iron and that of malleable iron, 
and IS probably about 1800° C The fusibility of steel is, however, injiuonced by the 
amount of carbon it contains 

Steel IS less snscoptiblo of magnetic induction than pure iron , but it far exceeds 
iron in the capability of becommg permanently magnetic, for which reason it is 
generally used for making magnets (in 761). 

Stool is oxidised much less readily than malleable iron by exposure to the atmo- 
sphere at the oi'cbuary tomporaturo, especially when it is polished and clean. When 
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gradually lieatod in contact with atmoaplionc nicj it acquires, nS tlia temperature riees, 
a auocegsion of colours at the surface, from faint yellow to blacldsh-lAue At 360° 0. 
all coloitt disappears , but if the heat bo raised still furtlier, the colours reappear 
in tlio same order, more faintly than at first The coloration is due to an incipient 
oxidation, and the succession of colours is caused hy the increasing thickness of the 
film of oxide, as in Kewton's rings it is caused by the unequal tliicknoss of a layer 

Hardened steel is dissolved by acids loss readily than soft stool With dilute 
hydrochloric or sidpliunc acids, soft steel jpvos a laigor amount of Hie black graphitic 
Bubstanee which is attracted hy Uio magnet, than luallaable iron does. By the cou- 
tiiiiicd action of the acid, this substance is converted into a carbonaceous muss, winch 
burns without leaving any residue, as in the case of malloablo and cast-iron. With 
dilute niti'ic acid this substance is not separated from soft stool Ooncentrated hydro- 
chloric acid dissolves soft steel completely witliout residue. 

ManuJactXhre of Steel 

By smelting vei 7 rich and pure iron-ores with charcoal m a bloomery, much lu the 
sauiB way as that described under the head of Inom (iii. 344), steel, or a kind of steely 
iron, may he produced direct from the ore , but this method of manufacture, though 
much practised formerly, and still followed to some extent at a few places, has long 
been snporsedod by otliers. Steel is now generally produced indirectly, either by 
cai'boiiising bars of malloable non, or by partially decurbunsing cast-iron The stool 
pioduccd by the former method is called Cement Steel {mer de cementation, BrennstaU ) , 
that produced by the latter method is called Natural Steel {aoxer de forge, Eohstahi), 



whouthedecarhuratioiiis effected in a finery hearth or forge similar to that used in the 
niaiiufactoe of malleable iron (see m 346) But cast-iion is also converted into steel 
hy puddling, and by the direct action 
of utmosphouo air on the melted 
metal, according to the method 
lately introduced by Bessonior. 

1 Cabbubatiom Method ■ 06- 
maiiaimn — This method of produ- 
cing steel IS based upon the fact that, 
when maUoablo iron is heated in 
'ith charcoal or other car- 
s substances, and without 
^ an', to a temperatui'e some- 

what below its molting-poiut, car- 
bon 13 absorbed by the metah 
The iron used for producing stool 
in this way must be of tho best 
quality, and free from the mipunties 
' ' which have already been nion- 

tioned as proiudicial to steel (see 
ante, p. 426). The cement or carburising material used is coarsely-powdered charcoal, 
sometimes mixed ivith horu-ahavings, ferroeyauides, and similar substances 
Tho furnaces in which the operation is conducted, somewhat resemble glass-house 
furnaces, as shoivn \>yfga. 777, 778, and 779, and they are luranged so that a unifoim 



n when maUoablo i: 

conLict with cliarci 
^ bouaceous substan 



STEEL. 


429 


tompoi'atoP may ba kept up in tliom for seioral days Tlic bars of iron arc piUcod in 
the reotiingiilar chambers CO, and mibcddcd in cliiircoal-iimidcr These pofe(caisws. 
Kasten) are then closed with a layer of loam, and the boat giadually r.iised, dimng 
some three or four days, to the niaxiinnin degree, which is ni.iintained two or throe 
days longer, tlio pirogrees of the operation hoing .iscertained hy drawing out a h ir and 
testing it When the conversion of the lion into steel is completed, the fiirimeo is 
allowed to cool gradually, and the ch.irge is t.ikon out. The sm'facea of the bars of 
steel are covered with numeioiis small blisters, for whicli reason it is called Blatcr Slid 
{acier yioafe , Slascnsiakl) 

The mode in which stool is produced by cementation is still hnt imperfectly under- 
stood Por a long time it was supposed that the non combined directly with taihon m 
the solid state ; but it is more probable th.it the conversion of the non into steel is 
eflbctod indirectly by gaseous carbon-compounds, such ns carbonic oxide and hyditi- 
eai'bons At a suiBciontly high tompeialurn. earlioine oxide yields part of its carbon 
to iron, and is converted into carbonic acid, while marsh-gas and olefiant gas are 
decomposed in hke manner by non, yielding carbnretted non and hydrogen. Some 
} ears ago, Macintosh proposed to manufacture steel hy heating bar-iron in an atmo- 
sphere of coal-gas , and, though this method has not come into use, good steel ciiu be 
made by it, if the gas used for the purpose he free from sulphur Animal charcoal, 
horn-ahavings, farroeyanides, &c., are sometimes mixed with the charcoal-powder used, 
in producing steel by cementation, and those substances facilitate tlio conversion, 
chiefly hy yielding gaseous oai bon -compounds 

2. DECAimuEATioit Methods — In all those methods the .abstraction of carbon from 
the cast-iron, and its conversion into steel, is effected hv the oxidising aetimi of iitmo- 
spherio air, either directly or indirectly, through the medium of slags containing forivnis 
oxide, and the nature of the product depends very much upon the extent to iiliicU that 
attion is allowed to continue 

0 . Natural Steel is produced hy melting white cast-uon {Spuaeleisi'n), or easily 
fusible grey cast-irpn, with ch.n'coiil, in a finory-liearth or tovge, and under a blast of 
air This metliod of manufacture is restricted to countries whero very pure cast iron 
13 obtained, by smelting spathic and magnetic iron-oics with durcoal It is practised 
in Westphalia, Silesia, Styna, Cannthia, Sweden, and some other phicos, with a variety 
of niodifloatioiis, arising chiefly ffum the nature of tlie cast-iion to be worked, or from 
other local oircumstancos The process, however, is essentially the s,arae in all eases, 
and differs from that already described as taking place in the conversion of cuet-irou 
into malleable iron (iii. 3 15), only in so far th.it the dec.-irhuration is aot caiTied to sucli 
an extent as in the manufacture of malleiihla iron 

S Puddled Steel is produced, ft oin such kinds of cast-iron as do not contain siib- 
staucps prejudicial to steel, byoperating upon it, lu reverberatory furiinoos, in the s.uua 
way that east-iron is converted into malleable iron, but so us to effect only a leas ad- 
vanced deoarhuration. 

7 Besvmtr Steel is produced hy forcing ntmospboric air into melted cnsMroii The 
carbon, being oxidised more readily tb.in the ii'on, is converted into caibouio oxide, 
which escapes in n sufficiently heated state to take fire on coming ra contAct with 
atmospheric air Considerable he.it is generated hy the oxidation of the carbon and 
iron, BO that the temperature is kept above the melting-point of steel during the whelo 
of the opeiation When the decnrburntion has been carried far enough, the ciu'rent of 
air 13 stopped, and a small quantify of white pig-iron, containing ,a large amount of 
manganese, is dropped into the liquid metal. This serves to fuoilitate the sepaiation 
of any gas retained within the melted metal, which, after a tew minutes’ rest, is run 
into iugot-inoukls 

The bars of blister-steel obtained by cementation are never uniform throughout 
their entire mass, the exterior portion being more highly carburised than the interior, 
and this difforeuco is not always the same at all parts of the bars. To render tliem 
homogeneous, they ore drawn out, while hot, under hammers or rollers, into thin biu'S, 
and a number of these bars arc laid together in a. faggot {trotme, Garle), heated to a 
welding heat, and then hammered or rolled, this operation being repeated sevcnil 
times Tile stool is tlien culled Shear Steel (acicr rajjirii . Gerbstahl) The anino 
operation has to be performed with the rough bars of natural ateol, in order to render 
their texture uniform. 

Steel, produced by either method, may be rendered still more bomogeueous by melt- 
ing It in a crucible, and running it into bars or ingots. Cast Steel {gderfondu , GttssstaU) 
Bcssemer-steel, from the mode in which it is produced, is always of this kind. 

The manufacture of cast-steel for various pmposes has long boon a very important 
branch of industry, and it is certain to become still more so, now that the new method 
of producing sted, introduced by Bessemer, admits of its being dealt with in very 
much larger masses than heretofore It is, however, essential to the adoption of this 
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mothod, to havp at cominand eabt-iron of good quality, and free from sulphur and 
phosphorus, which are so prejudicial to the quality of bteol, and are not ehminated in 
the process of coiiTevsion, but are ratlmr rthitivoly increased in amount in the product 
obtained by tho Hessonicr method, when they iiro contained in tho pig-iron operated 
upon Tho glowing importance of this method, and the rapid application of steel to 
new purposof., for w'hicli iron has hiUieito been used, render it extiemcly desirable 
that a mode should be devised of hmelting iroii-oros, .so as to prevent those deleterious 
substances from being retained in the pig-iron, or that some means of effecting their 
separation shoidd bo discovered. , B. H. P. 

STBIWHHI1.ITE. Syn until DiCUBiin'E. 

STBIWMAWBriTE. The name applied by Zippe to a mineral from Przibram 
in Bohemia, containing the sulphides of lead and antimony. It is, however, only galena 
contaminated with accidental adiuixhu'os. 

STEIiBITB. Syn. with Pectolitij 

SXEPHASTXTE. Srittle Siher-orc Britfle SUver-fflanco. Mack Silver, Bntile 
Suljihnret of Silver Sprody/aeer:!. Sprbdglamer :. — A siilphiintimouitc of silver 
oocuriiiig in trimetrie prisms, hoiiKEomorphous with arragoiiite Observed combina- 
tioEs : oP . ’osP . P 2foe Angle ooP. coP =. 115° 39’ Batio of axes 

« : 6 : 0 = 1 1 6844 : 1 0897 Cle.ai.ige imperfect, parallel to 2?co and 

cot 05. Twins are frequent, with pl.ino of composition coP The mineral also occurs 
massive, compact, and disseminated Hiuduess = 2 to 2'6. Specific gravity = 6 299. 
Lustre metallic Colour and streak iron-black Pructure uneven. Sootile Heated 
in an open tube, it melts and yields a sublimate of antiraonious oxide, sometimes mixed 
with arsanions oxide. Bofoio the blowpipe on ehaicoal it fuses somewhat readily, 
sometimes emittmg an arsenical odour, lo a dai'k-grey bead, which when heated in tho 
reducing flame, either alone or with soda, yields a button of silver It dissolves easily 
in warm nitric acid, with separation of sulphur and oxide of antimony. 

Analyses • a From Schemmtz (H. Boso, Pogg Ann. xv. 474). — b. From Androas- 
berg(KBrl, Berg- u. huttenm Zeitung, 1853, Bo. 2) • 

s Sb As. Fc. Cu 

a 16-42 14 68 68-54 . 0 64 = 100 28 

b. 16-61 16 79 68 38 014 . , = 100 82 

These analyses may he represented by the formula 8Ag’S.Sb'’S’, requiring 16 6 per 
cent, sulphur, 14-0 antimony, and 70 4 sdver. 

Stephanite is a valuable ore of silver, occurring m veins with other silver-ores at 
Freiberg, Schneeberg, and Joliiuingeorgenstadt in Saxony, at Przibram and Eatiebor- 
zitz in Bohemia, at Sohemnitz andKromnitz in Hungary, at Andreasberg in the Hartz, 
at Zacatecas in Mexico, and in Peru. (Dana,u 86.) 

STBBCORITB. Herapath’a name for sodio-nmmonio-bydrie phosphate, 
B'a(NH<)HPO* 4iiq , found in the guano of Ichaboo (iv 681). 

STBBKBEBOITB. A sulphide of silver and iron, occurring at Joachimstlial m 
Bohemia, and at Schuooberg and Johanngeorgenstadt in Saxony, in tabular orthorhom- 
bic crystals, commonly implanted, and forming rose-hko or fan-hke aggregations 
AngleoiP: i»P-119°30’, oP.foo =121°49'. Axes a : 6 . c=l : 1 7146 ■ 1-4379 
Crystals somotimaa compound, parallel to ooP. Cleavage perfect, parallel to the base. 
The mineral is opnquo, has a dark pinchbeck-brown colour, occasionally witli a bluish- 
violet tarnish, and a semimctallie lustre; flexible in tbm lammte , very sectile ; 
leaves traces on paper like plumbago. Hardness = 1 to 1-5 Specific gravity=4 2 to 
4 25. Before the blowpipe on charcoal it melts, with evolufion of sulphurous anhy- 
dride, to a magnetic globule covered with silver , with borax it yields a globule of ed- 
vor, and a glass coloured by iron. It dissolves in nitromuriatic acid with separation 
of sulphur Contains, according to Zippe (Pogg Ann xxvii. 690), 33-2 per cent, 
s Iver, 30 0 iron, and 30 0 sulphur, agreeing approximately with the formula 
(iAg“S fFo'S)’.#e'S", which requires 34 18 per cent sdver, 36 44 iron, and 30-38 
sulphur 

STBTHAB, or 3TBTHYMC ABCOHOB. C'®H*“0 = C'*H''’.H.O —The 
alcohol of the series C"H’“-*-’0, corresponding to steone acid. It has not been obtained 
in the separate state, but occurs in spermaceti, together with etbal or oetyho alcohol 
(0‘'’H‘"0), motbal (C‘''H’"0), and lethal (C‘*1I™0) All these alcohols are separated 
together from tlie fatty acids of spermaceti, when that substance is sapomfled by alco- 
holic potash, in tho manner described under CETViac AiCOHon (i 841), the ethal 
forming by far the largest portion of the alcoholic mixtiiro. The presence of these 
several alcohols is manifested by their behaviour with potash-hme, by which they are 
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conrerted into a mixtura of pnlmitie iiciJ (the piincipa) portion), formed from etbol, 
stoarie acid from Btethal, myi'istic.icid trnm methil, und laurie acid from lethal Wlieu 
the cthal is crystallised several times from a'eohol, till its melting-point le brought to 
49°, a portion of the efhal, together wth the wliolo of the nietlml and lethal, lemaiiis in 
the niotlier-iiqnor, while the portion whicli crystalliaes out contains thestetbal together 
withethal. (Heiutz) 

BTIBBTHYXi, STIBMETHYt, &.O. See Ajstihony-eadicuis, Oubanio 

(i, 339). 

STIBIBITB, StihwlUe Stihlite Stihwonm — ^An oxide of niitiinony, formerly re- 
ferred to nntimoiiy-ochrB(i. 3114), occurring at Losacio in Spam, Pehsobanya and Krem- 
nitz in Hung.iry, Goldkrauiich in Bavaria, and in the Cainien mine at'Zaciialpan in 
Mexico, forming musses of fiiie-griuued to compact texture, somotiincB porous and 
cracked, also psandomorjihs after stilmite (i 329) Hardness = 5 6 Speeiilc gravity 
= 5 78 Colour eulphiu'-, lemon-, or straw-ypUoiv to yellowisli-Mhite ; lustre waxy to 
dull , opaque , streak yoliowish-wlnte and shining Bedueible to antimony before the 
blowpipe -with soda, but not alone. Coiituins, iiccordiiig to Delffs (J pr. Clitm xl. 
318), 75 83 per cent antimony, 19 .54 oxygen, and 4 69 water, agreeing approximately 
with the formula Sb-'0t2H'0 (74 58 antimony, 19'83 oxygen, and 6 59 water). 

SXIBIWE. A general name for antimoiiy-baBes formed on the typo of ammonia, 

, thus SbH« IS stibine, is ethyUtibine, &c 

The same term is used by Beudant as a name of native mitimonious sulphide ; better 
called Stibnite or Antwwnite 

STIBIOPHYZiIiXXXI, Syn. with Valentiaite or native antimomous oxide 

SXXBloz]:BrCYI.S. The name given by Cooke to certain alloys of zmo and 
antimony [See Zino ] 

STIBITB, A name of native antimomous oxide. 

SXXBItrnc. The Latin name of Antimony. 

SXIBBIXE. Syn With Stibiutb. 

SXXBSrXXB. Native antimomous sulphide, Sb-S». 

STIBOmUK. Antimony-radioles formed on the type of ammouium, NH'' , thus 
Sb(0“H’)< IS tetrethyl-stibonium 

STXCK-XiAC. See LaO (hi. 451) 

axiOTA PVIilVIOIffACBA. A lichen formerly used as a remedy m diseases 
of the lungs It contains a peculiar bitter principle, which, according to Weppon, is a 
whits powder, slightly soluble in water and in ether, easily soluble in hot alcohol, 
forming a sbghtly acid solution which is precipitated by acids, acetate of lead, and 
silver-salts. Weppen (Pharm Centr. 1838, p 177) regarded this bitter auhstauce 
as identical with cetrorin or cetranc acid (i. 839) According to Knop and Sch nee - 
dormann (J, pr. Chem, xxxix 363), the acid of Ntmte yiHfiiionacca, which they call 
stiotio acid, is distinct from cefraric acid, though very much like it in composition 
and properties, and may be prepared in a similar manner , but it is less soluble in 
alcohol , the solution does not turn blue when boiled with hydrochloric or sulphuric 
acid, and stiotate of potassium is less soluble than the eetrarate. 

STXGKAPBYXiXiOn'. In the expressed juice of the tubers of Shgmapliylhn 
jatropluBfoluim, a malpighi.iccoiis tree indigenous in Brazil, De Luca and IJbaldini 
(Oompt rend bx. 527) found a considerable quantity of asparngin 

SXXIiBEirE, C“H'^ Hydnde of Stilbyl Ptcrami/l. (Laurent, Eov scient xvi. 
873 ) — A liydi’ocarbon polymeric with bonzylene (G'H“), obtained by heating sulphide 
of stilbeno (hydride of sulpliobenzoyl, i. 571) Tlio compound melts, gives off sulphy- 
dric acid and sulphide of carbon ; and on increasing the boat, stilhene passes over, 
first solidifying m scales, and afterwards tliionessal 

8C’H"S - 2CS» + 3ffS + 20"H'“ + C«H'»S 

Hvdride of SOlliene. Tliioneml. 

Sulphobeiizoyl. 

To pimfy the stilhene, the first portions of Hie distillate are boiled with alcohol , 
the hquid is filtered to separata the thionessal, which is nearly insoluble m alcohol ; and 
the liquid is left to cool The stilbeno is then deposited in crystals, w'liich may be 
reciystallised from ether. 

Stilhene may also he obtained from the crude product resulting from tho' action of 
sulphydrate of ammonium on oil of bitter almonds, the materials being left m contact 
for two or thi'ee weeks. 

Stilbene ciystallises in colourless nacreous plates belonging to the monoclinlo 
system , observed combination oP ooP . ooPoo , the hasal face oP predominating. Angle 
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coP ooP = .j3°3(l' »T' t^P=100=', ooP, ooPot = nG°4S',or yp» =• 112°. 
Tlio ciyatala ate cuirnnoniy joined together by the acnto angles of Uio rhonihnsos 
Stilbeno is rory slightly soluble in cold, bill, moderately soluble in boiling alcohol, 
more soluble in ether It iiidts at a few degree', above 100°, boils at about 292°, and 
distils without alter.ition. Viipoiir-doiisily ^8 4. 

Stilbeno dissohes in w.inn finning suljihmc acid, and the solution satiir.atcd with 
baryta yields a soluble barium-salt of a ooiyuguted acid. Stilbeno is not decomposed 
by dilute chrmiiw and, but the eonccutrati'd acid decomposes it with tuolcnce when 
heated, with it, convciting it into benzoic lijdrido With boiling uiinc mid it 
yields several products, among wliicb are nitrostilbono, C'^II"NO“— which is a 
yellow TOBinoua siihstauee, — and iiitrobtilhie acid, a yellowish powder nearly 
insohiblo in water, solubla lu nlcohol, otill more in otlior, and apparently consisting of 
2dq. 

When cliloimo-gas is passed over fused stilhonc, two isomeric compounds aro 
foiTOod, VIZ chlorido of stilhjlund hi diogen, C"H"01 HCl, and chloride of stilhonc, 
C“H'^CP and ^ cblondo of otilbyl, aocoidiiig to Laurent) Both those compounds 
aiu eiysfnlline , one of thorn is sparingly insoluble in ether, and nearly soluble in boiling 
alcohol , the other is easily soluble in alcohol, anil moro easily in ether Both are 
resolved by nlcoliolio potash into two isomeric cliloridss of stilbjl, or chlorostilbcncs, 
G> 'H“C1 (a .md & dilorostilbaso, according to Lauiout), with simultaneous formation of 
chloride of potassium. 

Tlie chlotosiilliencs a iind $ unite directly with 3 at bromine, forming two isomtric 
compounds, C“H"ClBr', or perhaps wliieh dissolve m ether, and 

cryatalhao therefrom 

When Btilbene is subjected to the prolonged action of chlorine, hydroclilorie aoid is 
evolved, and tnchlande af stilly!, C'‘H‘'CP, or diclduiidc of elilonsidbcnc, 0"H‘‘C1 CP, 
IS Ptodiiced. 

When bromine is poured upon stilbone, a white powder insoluble in other is formed, 
consisting of iromt^ of sitllenc, or bromide of sidhyl and hydiogca, 

C'‘Hi‘Br.HBr 

STlIiBEMB, OXZDB OF. Laurent regarded bonzoio hydride (bitter-almond 
oil) us the onde of stilbono, C’H* 0 

STIIiSEZiTBi FEROS:iDS OF. Syn with Stiubous Acin. 

SFIIBEITB, SUEPHSBB OF. Syn with Hvdiudb of SnirnontiNzoTi. (.i, 571). 

STIEBBBE, FBB.03U:i>B OF. Syn. with SmUTisiC Aoin 

SFIEBBSIC ACIE. Aoide StilbcseiiJi. Suroaide de Stdbke. (Laurent, ,T. pr 
Chem, Sxiv 430 — ^Laurent and Gerliardt, Compt chim 1860, p 117) — Apioduct 
obtained by treating crude bitter-almond oil (eontaimiig pruaaio acid) with elilorine-gas, 
aasiatiiig the action by heat towards tlio cud Thu whole then sohdifioa, on cooling, to 
a cryetidhne miiture of benzoic acid, etilbcsie acid, a body oryetallising in needles, 
and cUoi'ide of benzoyl, and if tlia ehlorido of boiizoyl bo allowed to drain on a 
funnel stopped with pounded glass, the muss pressed between paper, and treated 
with ctlior-alcohol, stdbesic acid lemaina behind, and may bo erj stallised by solution 
in boiling ether and spontaneous evaporation. It crjstallises in monoclimo prisms, 
very slightly soluble in alcohol and other, molting at 105°, and containing 71 GO percent 
carbon, and 4'38 per cent hydrogen Its solution m alcoholic ammonia yields, wiui sih er- 
nitvate at the boiling heat, sciilcs containing 48 7 per cent silver Hence Laurent 
deduced for the oeidthe formula C^JP’O’, and for the adver-salt O^S^Ag^O'' , but 
its composition is very doubtful 

SFZI.BIC ACID. Syn witli Benziiic Aoid (i 546) 

SFXEBXDIC or SFSEBIBOtrs ACID, Syn With Sthbous Acid 

STSEBIIT. Syn with STtoBENE 

STIDBZTB. ffeulandite Foliated Zeolite, Eiiseohte A hydrated ealeio-aluminic 
silicate, occurring in monoelinie crystals, which exhibit the combination [ ooPm ] 
I»pai + 2P«> . — 2P«) . ooP . oP — P . [Poo ] ; tabular from predominance of 
[ooPoo] Eatioofavesn b o = 3 4786 • 1 . 1 066 Angle 5 . c 88° 35', ooP • 
ooP = 136° 4’, oP [Pm] = 166° 45' Cleavage perfect, parallel to the cliiio- 
diagon.il. The mineral occurs also in globular forms, and granidar. Haidnoss = 
3 5 to 4 0, Specific gravity =, 2 1 to 2'2. Lustre of [ osPoo ] pearly, of other faces 
vitreous Colour various shades of white, passing into red, grey, and brown. Stro.ik 
wluto 'Transparent to subtrauslneent Fracture subcoucboidal to unei on. Brittle 
Before the blowpipe it inturacsccs, melts, and becomes phospboresoont. Dissolves m 
hydroclilorie acid, yielding slimy silica, but without gelatinising. 
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Analyses — a Paroe Maiida (Th'omson, Outlines, i. 347).— i- Iceland (Eammolg- 
hei’g, Jl/incralelien/ie, p 826) — c. Iceland (Dam our, Ann Min iv. x 207)— li. Dcru- 
:f)oid, Iceland crjetallifled, Bpecific gramty = 2'175 (Waltershauson, Vnlk. Gost. 
p 252).— c NerbuddaV.Uley, India crystallised (Haugh ton, Jahresb 1857, p. 676)- 

Silica . . 59'l4 68-2 69'85 68 DO 66-69 

Alumina . . 17 92 17 6 1616 16 81 18 35 

lime . . 7 66 7 2 7-56 7 38 5 88 

Magnesia 0-29 0 82 

Soda 1-16 0 67 1-46 

Potash 0 67 1-63 0 89 

Water . . 16 40 16 0 14-33 14-32 17 48 

Pen-ic oxide . . . . . 012 

100-11 'MO' 99 71 10002 98-46 

These analyses are not Tory accordant, hut Die third and fourth may ho nearly 
represented by the formula Ca''0 Al’O* 6SiO' 8 aq , requiring 69-76 per cent, silica, 
10 61 alumina, 9 06 lime, and 14 64 irater. According to Bus formula, stilbito is 
very nearly related to bi-e-trsterito and epistitbite, the tliree minerals, being reprcsoiited 
by the foi-niula EO Al’O ' 6SiO* + 6 aq , and the protoxide, EO, consisting, in stilbito, of 
linio with very little uUcnli , in epistilbite, of hme witli a large proportion of soda , and 
in bi-owslorite, of strenba and baryta, ivith a small quantity of hme. 

Stilbite oooiu-a ohieByiii amygdaloidal rocks, also in gneiss, and occasionally in 
metallifoious reins The finest speciniens conic fi-oni Iceland and the Faroe Islands, 
and from the Yondayali Mountains in Hindostnn Ecd varieties occur at Canipsio in 
Stirlingshire, with dosmin of the same colour, and broivn in ore-beds at Arendal It 
also occurs in the Kilpatrick Hills near Glasgow, in the Isle of Skye, in the Fassa 
Valley in the Tyrol, in tlie Harts, and elsewheio, abundant m the amygdaloid of 
Abyssinia, occurs also at several localities in North America, (Dana, ii. 331 ) 
ieaumontite fiom Jones Falls, Maryland, is regarded by Dana and others ns 
identical inth stilbito , but the analysis (i 624) agrees more nearly with the formula 
E"0 Al^O’.SSiO-" + 6 uq , moi-oovor, according to Levy, the crystals belong to the 
dimetric system 

Sesmln is a hydrated cnlcio-alummic silicate, in which the ratio of the lime, alumina, 
and sihca is the same as in stilbite, but the propoition of water la larger, and Uio 
ciystals are ti-imeti-io It was formerly called shVnte (the mineral yii&t described under 
that name being then called luMlandiie ) ; also radiakd zeolite, Jolvxted zeolite, sphtcra- 
stilbite, and Impusiilbiie. 

The crystals of dosmin usually exhibit tlic_ combination P cePco totco, liko 
fig. 263 (CBVSTAiioeaA-pHY, li 46), without Pto, but with oP. Axes a; 6. c = 
0 9284- 1. 0-7668 Angle P , P in tho hrachydmgonal principal section = 119“ It’, 
in -the maorodiagonal = 114® 0' ; in the basal = 96° Clcav^e perfect, pai-allol to 
»?» . It frequently occurs in bheath-bko aggregations, and in globular, divergent, 
and radiated forma, 

Hardness = 3 6 to 4, Specific gravity = 2 094 to 2-171, Lustre pearly on tho 
faces oofoo and the cleavage-faces, vitreous on tho others Colour white, occasion, ally 
yellow, brown, or rod Sta-e,ik uncoloitred Subtransparent to subtraiisliiccnt Frac- 
ture uneven. Brittle Before the blowpipe it intumesces, and yields a milk-white head. 
With acids It yields slimy whe.i, except Boudant’s sphterostdbite, which yields a jelly 
Analyses of Oesnun (Eammelsberg’s Hinei alckemte, p 829 ) — a Eode()Oi-ds- 
hainra, in Iceland (Hauy’s stilbite dodeeaidre latnelhfoi me), Hisinger — b Beru- 
:Pjord, Iceland (E, Weber ), — e Diilsmypen, Faroe Islands- y«e6?ii/i0 4ti/6i/c (Eg t^ius), 
— d Faroe Islands so-callcd spAiW-osti/irfc (Boiidant) — e. Gustafsberg in'Jomtland 
(Sj ogreu) — Ilmen Mmintain.s, noarMiask spociflo gravity = 2 19 (Hermann). — 
g Andre.isbei-g, in tho H.irtz (Karl) — h. Eienthiil on the Gotthard.sti-asse, Canton 
Un (G. Leonhard) — i Pangelberg, near Nimptscli in Silosia (Zelluer) 

Sihca . .68 0 68 02 66 76 55*91 67 41 66 31 si's 55% 6027 

Aluniiua . 16 1 14 94 17 73 16 61 16 14 16 25 15 9 18 60 14 43 

Lime . . 9-2 8 33 4 60 9-03 8 76 7 66 7 4 8-04 6-40 

Soda 2 63 0 08 . . 1 03 

Potash . ... 1-30 . 06 

Water , .16 4 17-71 18 33 17 84 16 60 17 76 17 6 17 00 18 60 

Ferric oxide . 0 26 1 00 1 3 0 01 *0 21 

99-7 100 30 99 86 100 07 ^i5 100-00 ^ "forsT 

FF 


VoL. V. 
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The greater number of those analyses may be ropresentefl by the formula Ca"0. 
AW C§jO-+ G aq, requiring 68 09 per cent, siliea, 1014 alummn, 8 80 lime, and 
16 97 -water. 

Of different composition are — a. The so-called K;/]wi>tilbii€ from tlio Tnioe 
Islands (Bend ant), 0. White and y. Red demiun fioin Bumbarton in Scotland 
(Thomson): 

SIOi. A1=0’ C.iO Nn=0 11-0. 

62-43 18 32 810 2 11 18 70 = 99 06 

64 80 18 20 9 83 . . 19 00 = 101’R3 

62 60 17 32 11 52 . . 18 46 = 90 79 

Dosmm occurs mostly in cavities m amygdaloid or trap It is found also m some 
motBliteroHs veins, and in grttuite and gneiss. It is .abundant in the Faroe Islands, 
in Iceland, and on the Isle of Skye iii trap , at Audreasberg in the Hertz, and at Kongs- 
berg and Aiendal in Noiway, -with iron-oro , in the Vendayali Mountains, Hmdostan, 
in large trunslucent crystals , m tine crystals, of a brick-red colour, in porphyritio 
amygdaloid, near Kilpatrick in Dumbartoushire, &c (Dana, it 833 ) 

STISiBOUS ACID, 0’“H'’0“ ? A compound formed by treating crude bitter- 
almond oil -with fuming snlplinric acid, or with chloride of sulphur (Laurent, Ann 
Cli Phys. [2J, Ixv 193). When flist prepared, it cryskilliscs from ether or boiling 
alcohol in muiioclinio piisnis , but if kept for sonio time in the fused state, and then 
dissolved m alcohol, it orystallisea m tiimetric prisms. It molts at 300° ; is insoluble 
in nminoiiia , is resolved by boiling ciiustie potash into beuzoie acid and benzoic 
liydriile , but irbeii treated -with very strong potash-ley, unites with the potash, forming 
a compound iii."olublo in strong, but soluble iii dilute aqueous potash 

Tins oompoiind was ongiimlly regarded by Xiuirentas h/drate oj brntso!/!, G' 'IPO HO 
It is stimoliines regarded as identical with bcnzo.ito of benzoic hydride (i. 698), 
formed irom crude bittor-almoiirl ml, by the action ot moist chloinie , but the identity 
of the tuo products is not satisfactorily established All these compounds foisned 
from crudo bittei -.almond oil require ro-cxainiiiatioii for deltnls respecting them, see 
Omehii’i Hanibooh, \ii 178 

STlDBVIi. 0'*n'’. Stilbeue may be regarded ns the hydride of this radicle, 

cm*' n 

STIIiXIIfdA SEEIFBItA. A enphorhiaceoiis plant, groiving abundantly in 
the viiUeys of Chiisan, the benies of which yield the tiit called Chinese vegetahU 
tedhw. This fat appears to oceui in several varieties 

a Greemsh-whife , molts at 44 4°, yields, by s.ipomficntion, an acid, -whieli, .after ro- 
erystallisation from alcohol, softens at G 1 7°, melts at 67 8°, and forms a silver-sRlt eon- 
t.iuiing 27-96 per cent siher, probably a mixtiue of palmitic (margario, according to 
Thomson and Wood) and ste.tt’ie ands. (Thomson and Wood, Phil Mag [3] 
XXIV. 360 ; S pr. Chem xdrii 239.) 

b The commercial hallow forme a light -white mass, of specific gra-nty 0 818 at 12°, 
destitute of taste and odour (v. Bovck) Has a fiuiit odour, nud turns brown on ex- 
l-iosm-e to thonirlMaskelyne). Melts at 37° (v Borok, Miiskelyno), solidifies 
partiidly at 32° (Maskelyne), 30° (v Borck) , and haidens at 22° (v Borck), 26° 
(Maskelyne) The tallow recently molted and cooled ag.im, melts at 44°, by ex- 
pressing the more fusible poition, the meltiiig-pomt ot the risuUie m.iy bo 1 'm.sed to 
49° (M Askol y no) The fat extiaeted from the husk by boiling alcohol melts at 40°, 
mid after reerystallisation at 48° (v Borck) It dissolves m ml of tniqientme, .ind m 
c’lial-tar oil, m wood-spint, ether, and iileoliol, or in mixtures of these liquids ; it dis- 
solves partially .it mean tempomtures, eoiiiplctely at the hulling lio.it (Mnskol yn e). 
It has .111 acid reaction, arising from admixtiirn of acetic or propionic acid It oontouis 
olom and p.dimtm (Maskelyne, Chem Soc Qu J -vin 1, v Borck, J pr, Ghom, 
xlix 395 ) 

STIDDISTDAIUC ACID. The name applied by v. Borck to the fatty acids ob- 
tained by supomfle.ition of Olimeso tallow, winch he supposed to h.ivo the composition 
G"n“0- Maskelyne has, however, shown that it is ulcutical with palmitic acid. 

STIDIiODITE. Syn. with SiLicious ,SiOTEit. 

STIDPn-0nSEI.A9rD A ferroso alnininio silicate, occurring at Obei-grtmd in 
Silesia, .and in the Fredonke mine, near Weilbui-g in Nassau, in foliated, railiated, and 
compact m.is3es, having a specific gi-anty of 3 — 34: hardness 3 — 4, a lustre between 
vitreous and pearly on the cleav.igc-sniface , black or gioemsh -black colour; and 
greenish stro,ak Dissolves imperfectly lu acids 

Analyses — a. Oborgrimd (Eammelsborg, Minerakhemtc, •p. 880).— J, Weilburg 
(SiBgert). 
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SIO- A103 FeO. CaO. MrO KO H. 

a. 45 96 6 84 35 60 0 19 1*78 0*75 8 63 « 98 75 

i. 45 07 4 92 37 78 1 67 0 94 , . 8 47 = 08 86 

Some of tlie iron appenrs to bo m tbo state of feme oxide, but its quantity Has not 
been determined mtb sufficient accuracy for the deduction of a formula. 

STlXiPKOSIBBBITEI. A variety of native ferric hydrate, Fo®0“ H’O, occurring 
massive, stalactibc, or incrusting, at Amberg in Westphalia, and two or toes other 
localities It has a black or blaekish-brown colour; hardness = 4to6; specific gravity 

STIITICSTOIiriS. A variety of limestone which emits a fetid odour when struck 
or rubbed (lii 607). 

STIBIAnr. A name apphed by Breithaupt to smaltino from Schlodming in 

Styrin. 

SToicCHEOSMBTinr. The law of chemical combination in definite propordona, 
and Its application to chemical calculations. 

STOX.PBKXTE. A mineral from Stolpan, rosemhlmg hole in appearance, and 
containing, according to Bammolsher^ (Pogg .dnn. xlvii 180), 46 92 por cent, 
sihoii, 22T6 alumina, 24 86 water, and 3'90 per cent, lime, with traces of iron and 
magnesia 

SXOBZZTB. Native tnngstote of load. (See Tungstates.) 

STOBAX. See Baxsahs (i. 497). 

STBAKOITITZZTE. A pseudomovph after angito, oeeurring in the woathered 
gneiss of Mutenitz, near Strnkoiutz in Bohemia. It has a greenish-yellow colour, and 
specific gravity = 1 41. Contains, according to C. v. Hauer, 63 4 per cent, silica, 
19 9 water, 16 4 ferrous oxide, 2'9 uiagnesi.i, 1 4 bmo, and 7 0 alumina. 

STBAIWOMTIUIW, See Batuha Steamonium (ii 307). 

STBASS, or ilenis Flux A kind of glass used m the preparation of artificial 
gems (ii 841). 

STRATIOTBS AZiOiDES. Water-soldier — This hydrocharidaccous plant 
yields, when dried, 17 2 per cent ash, containing in 100 pts , according to Sohulz- 
Floeth(Pogg Ann. bocxiv 98) 

K20 N,»iO CnO MgO. FelOa. felO^. P^O*. SQi COt NaCl. 

30 8 12 10 7 14 3 04 18 28 35 80-4 2 7 

SXBAXOPBITB. A manganic siheato from Phihpstad in Sweden. (Shioates 
p. 269 ) 

STREAK OF MIH'BRAXiS. Coloured mineral substances generally exhibit, 
when powdered, a lighter or, at all events, a different colour to that which belongs to 
them in mass hence similarly coloured minerals may, m some eases, be distinguished 
one from the other by the colours of theii- powders In order to see the colour, how- 
ever, it IS not necessary to pnlvense the mineral, as it may he observed by scrntehing 
the mineral with a knife, or rubbing its edge on a rough white porcelain 

STROGAKTOWlTE. An altered scapoKte fiiom the Shidanka river in Dauna 
(p. 203). 

STR03WEITB. Syn with Ehodonitb, or Smiaious Manganese (p. 107). 

STROsaBTBRITE, Native argento-euprous sulphide, or argentiferous eoppor- 
glnnoe (p 305) 

STROMIS’ITB. Saryto-stfontianite , — A mmersl from Stromness in the Orkneys, 
containing, according to Traill (Edinh Phil Tians ix 81), 27 6 per cent sulphate 
of barium, 62 6 carbonate of strontium, and 2 6 carbonate of calcium, with OT ferric 
oxide probably a mecbamcal mixture 

STROKTTIA, STROBTIAH'. Oxide of strontium (p. 437). 

STROKfTIAWITB. BtwntiU Strontites — ^Native carbonate of strontium. (See 
Caebonatbs, 1 797.) 

STROITTIAWOCABCITE. A calcspar containing strontia, from Cirgenti in 
Sicily. The crystals have the form and cleavage of ordinary calcspar, are grouped in 
spherical masses, colourless and transparent to white and translucent, and have a 
raother-uf-poarl lustre. 
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STllONTIUM. 


STaoWTatraa. Symbol, Sr. Mamie weight, 87 6. 

Tue native carbonate of strontium, discoveieil, in 1787i at Strontian in Argyleshu'e, 
v?as at first rogtirdod as carbonate of bin inra. Or awf iii d’ s supposition, publi slie J m 
1790, that this mineral contained a peculiar eaitli, was confirmed in 179'2 by Hope 
(Edinb Phil Trans, iv 3), and in 1793 by Klaproth H Davy, in 1808, first ob- 
tiimed from it tlio metal stroiituim 

Stronlniiu occuis as sulpliato in coelcstin, and iia carbonate ill stronti.mite , in small 
quantities in arragoiiito and brewstorite, and in very miniito qiuutitios in the minu’iil 
waters of Karlsbad and Kaiaer-Piauzenshruniieii, tUu salt-spring at Eger, itc., and m 

Pnpmahon — Strontium w.is first isolated by Davy in the same manner as barium 
(1 500) Hare obtained it in a simihiv manner, .and Clarlco prepared it, iii the same 
inanuer as barinra, by beating strontia or the nitrate on charcoal in the osyhydrogtn- 
bloupipe flame All these methods, however, yielded the motil in an mipiixe state 

The pure metal is easily obtained by electrolysis ot the fused chloride, m the maimer 
given by Matthiessen (EtBcTiiiciTT, 11 . 438) Oaron (Corapt rend xlviii to) 
obtains it by fusing the chloride -with an alloy of sodium and lead, tui, &e , the 
reduction is not effected by sodium alone 

Pro^c) tm — Strontium has a yellow colour, like that of calcium, only a shade dai'kor. 
Spooifio gr.ivity = 2’5418 It oxidises in the mr much more quickly th.in ealoiniu. 
Its place in the electrolytic scries, with water as the exciting liquid, is as 
foUffws 

t, Ha, Li, Ca, Sr, Mg, &o. 

It hums liko calcium, and acts similarly to it when heated in chlorine, oxygmij 
bromine, or lodme, or on boiling sulphur, or when thrown on water or acids. (Mat- 
thiossen ) 

STRONTXaTn, BJeoMZBS: OS’. SrBr^. — The anhydrous hromide is obtained 
by evapoiatmg and heating a solution of tho carbonate in hydrohroniio acid, also by 
burning strontium in bromine- vapour. It is a white mass, wliich melts without decom- 
position at a red heat Prom tho aqueous solution the bromide separates in long 
needles, containing SiBr'* 311*0, winch, do nut efflorescu in dry air, or even over oil of 
vitriol. ‘When heated they melt in thoir water of crystallisation, and tlicn give it off 
The salt is easily soluble in water, somewhat soluble also in alcohol, and tho alcohnho 
solution burns with a purple-red flame 

STROMTnna, CBBOHIDB or. SrOP— Produced when strontium burns in 
ehlonne-gas, also, according to Weber (Pogg Ann exii 619), by boating anhydious 
strontia in. a stream, of chlorine. It is usually prepared flora cmlestin in the same 
manner as chloride of barium from heavy spar (i 601). The crystiiUisecl chloride, 
SrCT.3H*0, forms long deliquescent needles, which melt when heated, give off their 
water, and leave the anhydrous clilorido in the form ot a white euamel-likB mass, or, 
according to Dumas, vitreous and traiispareut when perfectly pure. The anhydrous 
chloride absorbs 8 at ammonia, whereby it is conveited into a white powder It dis- 
solves easily in water; in 116 4 pts cold and 282 pts boiling alcohol of 99 per cent. 
(Fresenius) 

STROWTSUIW, DETBCTIOW AliTD BSTZlVSAWIOKr OP.— 1 Slnwptpe 
Ticactxona — Stroutnim-compounds heated in tho inner flame colour tho outer tiame 
carmino-rad. An alcoholic solution of a stroiilamn-salt burns with a cannme-red 
flame. The speetnim of strontinm-vapour is ehaiactorised by a red line nearly coin- 
ciding with the solar line C, and a blue line between P and G (p 380). 411 these re- 
actions ate distinctly perceptible in presence of a coiisiderablo quantity ot barium-salt 

2 Seactions in Solution — The reactions of strontium-salts closely resemble 
those of barium-salts Sulphate of strontium, however, is somewhat more solnhle than 
sulphate of barium . hence sulphnne acid or a soluble sulphate does not precipitate a 
dilate solution of a strontium-salt so quickly as it does that of a barium-salt A 
barium-salt gives a precipitate with a solution ot sulphate of sironhum, which a stron- 
tuim-s.ilt of course does not. Stiontium-salts are further diatmguished from barinm- 
salts by not forming precipitates ii ith sihcojltiorv. aoid or acid cliroimte of potassium 
A few drops of solution of atrontium-diloridp, evaporated on a watch-glass, yield 
needles of tho hydimtcd chloride, whereas a solution of barinm-chloride ev.apomted in 
like manner yields small cubes 

3 Estimation and Separation — Strontium is best estimated ns carbonate by 
precipitiition with ammonium-oirbonatp and ammonia from a hot solution. Tho pre- 
cipitation of Btroutumi by this method is more complete than that of barium Car- 
bonate of stvontinni is not dceompiosod by ignition oier an ordinary lamp StioiiUiim 
may also be estimated as sulphate , but as this salt is not absolutely insoluble in 
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water, it ia necessary to add alcohol to complete the precipitation, which can only he 
dono when the original strontium-salt is soluble in alcohol 

Strontium is separated from moat other metals m the sahie manner as hanum 
■When a solution premoiisly freed from metals of the first and second groiips 
(i 217), hy freatment with snlphydric acid and sulphide of amiuoiniim, is furtlier 
treated with carbonate of ammonium, the precipitate may contain tho carbonates of 
hanum, strontium, and calcium. Fiom hanum, strontium may be separated by dis- 
Bolmug the carbonates in a alight excess of hydrochloric acid , mixing the solution with 
excess of siheofluoric acid , then adding alcoliol ; leaving the whole to itself fur twelio 
hours, filtering; washing the precipitate with we.\k spiiit, and piecipitatmg the stron- 
tium from the filtrate as sulphate It the two metals are present as sulphates, it is 
best to treat the mixture repeatedly with a solution of potassie or aramonic carbonate 
without applying heat The residue, when thoroughly washed and treated with dihito 
hydrochloric acid, leaves pure snlphato of hnriiim, the whole of the strontium dissolving 
as chloride, (H. Rose, Pogg Ann xcv 288) > 

From calcium, strontium m.iyhe separated bytiio insolubility of its nitrate in 
absolute akoliol, 

For the methods of separating strontium from hmuum and calcium together, sea 

CxLoi™ (i. 717). 

For detecting small quantities of strontiimi (and barium) in calcareous minerals, 
Eiigelbach (Ann Ch Pharra cxxin. 255) subjects the pulverised earhoniite, olitainecl 
hy decomposing the natural sulphate or silicate, to strong ignition, tlicii boils it 
thoriiiighly with distilled water, and evaporates the rapidly filteied sohitioii with 
addition of liydi'ochloric acid — or, if" alkali -metals are also piescnt, prceipiUtes with 
niiimonia and carbonate of ammonium — and examines the chloiidcs or curbonatos with 
the spectroseope 

4 Atoinio IFaiiy/if o/iSfroMfiKm— Stromoyorinl816(Schw J xix. 22S), hy 
decomposing carbonate of stroutiivm with nitric acid, and determining the quantity of 
carbonic anhydride evolved, ostmi.it(d the atomic weight of strontium at 88 22. Ho 
further reported that, according to H Eose’s determination, 100 pts cliloride of stron- 
tium yield hy precipitation 181 25 pts chloride of sUvor This givos (for Ag = 108, 
and Cl = 85 6) Sr" = 87'34 Pelouze, m 1846 (Ann. Ch. Fharm. Ivi 204), hy a 
similar method, found Sr" = 87 70, and Dumas {ihd cxui 34) found Sr" = 87 5, 
which, numhor may be taken as the correct atomic weight of the metal 

STROirTZUMC, FXiUORIOB OP, SrF= IS prepared, like tho corresponding 
harium-compoiind, by decomposing oxide or carbonate of strontium with hydrofluorio 
acid, or by precipitating a strontium-salt with fluoride of sodium It is a white pow- 
der, insoluble in water and in aqueous hydrofluoric acid 

STROSTTEtraH, ECYDRA'PB OP. See STRONTIUM, Oxide OF. 

STraOMTItTM, lOniSS op. SrP — Obtained hy saturating liydriodie acid 
with strontia or sulphide of strontium, and evaporating It may he fused without 
decomposition in a closed vessel , hut when heated in contiict with the air, it gives off 
lodmo, and is converted into strontia It dissolves easily in water, and may be recrys- 
talbsed therefrom 

stbossttIUM:, OXXBE op. SrO Strontia. Sfioiifian.— Prepared hy 
boating the nitrate to redness, or hy exposing the carbonate, either alone or mixed with 
chaiToal, to the strongest heat of a forgo-flre. It is a greyish-whito porous mass, of 
specific grainty 3 0 to 4 0 (Davy), 3 932 (Kars ten), infusible, not volatile, and glows 
in the blowpipo-fl.imo with a dazzling white light It has an alkaline taste and reac- 
tion When moistened with water, it becomes hot, and falls to powder like lime; if 
only tho exact quantity of water required ho added, the strontia hardens to a crystal- 
line hydrate )Vlien heated nearly to redness in a stre.am of chlorine-gas, it glows 
brightly Ihioughoiit its whole mass, and is converted into a sintered mass of ohlorido 
of strontium. (E Weber, Pogg Ann cxii. 649) 

Hydrate or Hydrated Oxide of Strontium, SrH-0* = SF'OffO, ia pro- 
duced as just uoticed, hy the direct union of water with the anhydrous oxide On dis- 
solving this liydrate in 6 or 6 pts of boiling water, filtering hot, and leaving tho solu- 
tion to cool slowly in a closed vessel, it deposits small, needle-shaped, tr.in3parent crys- 
tals, containing SrH-0 8H’0, which deliquesce on exposure to tho air, and are ulti- 
mately converted into carbonate When heated to 100° or above, they give off 60 per 
cent water, and leave the mouohydrate SrH*0“. By heating the crystals to low red- 
ness, tho hydiate is obtained in the fused state, .md solidifies on cooling to a greyish- 
white radiated mass Accoivling to Bloxam (Chem Soe Qu .T xiii 48), hydrate of 
strontium gives off all its w.iter at a red heat, leanng anhydrons strontia. 

The crystals, SrH^O'-' SffO, disaohe in 60 pts of cold and 2 4r pts. of boiling water. 
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The solution, called itrontia-watLr, is colourless, strongly alkaline, and absorbs carbonic 
acid from the air, becoming covered with a crust of carbonate It may be prepared, 
like burvta-water, by boilmg a solution of the sulphide inth oxide of copper (i 506J 

A peroxide of siiontium is obtained as a hydrate, m shinipg scales, by mixing 
Btrontia-water with peroxide of lij drogeu. (Th^uard) 

STROWtritna, OXTStrXiPHXDB or. See the next article 

STaOKTltlM, S1T1.PB1BES OS’. The monosulp hide, SrS, is prepared, 
hlce the corresponding barium-sulphide (i 607), by rodncing the sulphide with coal or 
charcoal. It is a white, granular, sintered but friable mass By solution in a large 
quantity of boiling water, it is decomposed, the liqiud, as it cools, yielding crystals of 
strontium-hydrate, whilst strontinm-sulphydriite remains in solution 
2SrS + 2H-0 = SrH'S' -t SrH^O- 

If it he treated with a quantity of water not sufficient for tins complete decomposition, 
a solution 13 formed containing chiefly sulphydrate of strontium, and on treating the 
residue with fresh quantities of water, a nearly pure solution of the hydrate is obtained. 
(H. Rose) 

Polj/siilphides (Schone, Pogg Ann. civii. 66). — By digesting 1 at. of tlie monosnl- 
phide and S at sulphur in water, and leaving the soliition to ovapornto, at a tempera- 
ture not exceeding 17°, u hrownish-red viscid syrup is obtaaned. which at 8° solidifies 
to a crystalline mass of the tetrasulphide, StS', with 6 at. water This compound 
is very hygroscopic, soluble in water and iii alcohol , on exposing the solutions to tile 
air, hyposulphite of strontium is formed and remains dissolved, while sulphur and a 
small quantity of strontinm-carbonato are deposited On heating the syrup to 100°, 
or concentrating it under the aii-puiiip at a temporatiue above 17° (best between 20° 
and 25°), the tetrasulphide separates with 2 at water, as a light-yellow solid mass. 
"W^un heated above 100°, it is decomposed by its water of crystallisahon. It is not 
acted upon by carbonic disulphide. 

By exposing the alcoholic solution of the tetrasulphide to the slow action of air, 
ruby-red, transparent, rhombic crystals are obtained, consisting of a hydrated o x y - 
tetrasulphide, SrO.SrS^ 12II”0, which are decomposed by water They are pro- 
bably idouticalwith the supposed disulphide, which Gray-Lussao obtained (Ann. Ch. 
Plm [2] XIV. 362) by leaving a solution of strontium-sulpliide to itself for some tune. 

Pentasulphido of ationtium is formed by digesting the monosiilphido in water 
with 4 at sulphur, but exists in solution only On evaporating tho solution under the 
air-pimip at about 20°, a residue is obtained consisting of the tolrusulpludo mixed 
with sulphur. (Schoue.) 

Sulphydrate of Strontium, SrH’S’ = SrS.H^S — Produced by passing sulphy- 
diio acid gas to saturation thiough stroutia-water, or tlirougU water in which sulphide 
of strontium is suspended, or by dissolving sulphide of strontium lu a small quantity of 
boilmg water, whereby it is resolved, as above mentioned, into hydruto and sulphy- 
drate Berzelius, by evaporating in a vacuum tho solution prepared by the fii'st method, 
obtained tho sulphydmto m large striated prisma, uliuh when heated molt in tlieir 
water of crystallisation, then give it off, together with sulphjdric acid, and leave a 
residue of mouosulplude of strontium In other respects the eompouud exactly resem- 
bles sulphydrate of hsiium (i 508). 

STRUTHim'. Syn. with Saponin (p. 192). 

SXBtrvXTS. Ammonio-mugnosic phosphate, (NH‘)M:g’(PO*)“ 12aq , occurring in 
crystals in cortam varieties of guano (Phosphates, iv 568 ) 

STRVCHWIC ACID. Syn. with loASUMC Aoin (ill. 242). 

STBYCHBriM-B. fPelletior and Gaveutoii [1818], Ann. Ch. 

Phys. X 142, xxn 44 — ^Pelletier and Dumas, Ann Ch Phys xxir 176— Liebig, 
ii'iirf. xlvii 171 , xlix 244 — Regnault, Ann Ch Phys. Ixviii 113 — Q-orhardt, 
Eevuc Seientif x 192.— Nicholson and Abel, Cheni Soe Q,u. J u 211.— Henry, 
Ph.arm viu 401 — Oorriol, liiif xi 492 — Rohiqnet, ibid, xi 580 — Wittstock, 
Trade de Clumie de SereehuB — Il6nry,/iis, J Pharm xvi 762. — Gm. xvu 479.) 

This vegetable alkaloid exists, together with hrueinc and igasiirino, in nux-vonucii, in 
St. IgnatiuB-beans, in the wood of Strychnoi, Colubnna, in Stryehms 2'ieiiti, Upas 
Tusuti, and probably m several other varieties of Stryehnos (see Brucine, i. 681). 
Java arrow-poison, found in a bamboo, conUmed 62 per cent of atryclimne. 

Freparatwn : 1 From St lynatius-bcana — Tho rasped beans are exhausted with 
ether, and then treated several times with boiling alcohol Tho alcoholic solution 
having been distilled to remove tlio alcohol, is to bo treated with solution of hydi'ato 
of potassium to precipitate the strychnine (Pelletier and Oaventoii) This process 
18 obviously imperfect. 
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2, Ft am Fiix-mmiea — a The beans .arc cxlianstod with alcohol, and the solution is 
distiUed to recover the alcohol. Tha residue is dissolved in water, and basic aceUito of 
lead added until no fuitlier precijjftation takes place. The strj'clmino remains in 
solution m tbe state of acetate , the liquid also contains colourmg-mattors, and the excess 
of liasic acetate of load Sulphide of hydrogen is passed into the solution, ivhich is 
then filtered, and boiled with magnesia The precipitated strychnine, after hrang 
washed with water, is oiystalhsed Irom alcohol. The mother-hquors retain the bmcitio 
(Pelletier and Caventou) 

h The pulverised nux-vomica is exhausted with boiling water, and the decoctions 
are evaporated until syrupy , powdered chalk is then added by degrees, until in slight 
excess Tile precipitate contains the calcium-salt of an acid existing in nux-vomica, the 
sti'ychuiue, and other substances After being w,aslied, it is exhausted by treatment 
witli alcohol of specific granty 0'827, and the liquids are then evaporated in the water- 
bath to the crystallisiug-pomt. The strychnine is purified either by ropo,ited cryst.il- 
lisutioiis, or, better, by conversion into nitiate, and recrystaUisation. The alkaloid 
may be obtained from the nitrate by precipitation with ammonia. One kdogi'aiuino of 
nux-vomica yields by the above process 5 or 6 grammes of strychnino. (Henry.) 

c The foflowing process is said to be more adviiiitagcous than tbe preceding ones • 

1 kilogrammo of iiu.x-vomica is to be softened by being steamed, then dried, and pul- 
verised moderately fine It is then digested in the water-batli, with 4 or fl litres of 
alcohol of specific gravity 0 856 acidi&d by 40 or 50 grammes of sulphnvie acid. 
Quicklime is then added to the alcoholic solution, to remove the acid and precipitate 
the oolouring-matter. The stipernatant bquid is decanted, and the deposit is w.ishod 
with alcohol All the alcoholic liquors are then mixed, carefully filtered, and distilled. 
The residue in the still is coloured and alkaline , it is saturated with dilute sulphuric, 
hydrochloric, or acetic acid , and the solution is to be filtered, concentrated, and pre- 
cipitated in the cold by a slight excess of ammonia. The precipitate is coinjposcd of 
a mixture of strychnine and brucine It is to be digested with weak alcohol of speoiflo 
gravity 0 942, to remove the brucine The romuimug atryclmme is to be dissolved in 
alcohol of speoiflo gravity 0 837, and the boding solution tieuted with a small quantity of 
animal charcoal. The filtered solution, on cooling, deposits tbe stiycbume in crystals. 
(Henry, )iis) 

d Eight pounds of tlie powdered nux-iomica are mixed with an equal weight of water, so 
as to form a thick paste, winch is then exposeil to a temperature of 20° to 25°. In the 
course of a few days, a violent fermentation sots in, which is generally finished m about 
eighteen to twenty days The hquid is now pressed through a hair-sieve , the solid 
residue pressed, and boiled twice or three times with water, and the united liquids 
ev.iporated down to 12 quarts To tins 9 ounces of powdered quicklime ai'a 
added, the whole left quiet tor six or eight hours, and the liquid separated from tha 
precipitate by pressure , it is then mixed with sulphuric acid, the calcic sulphate ro- 
moved, and the hqiii d evaporai ed to 2 quarts. One ounce of lime is now added to it, and 
the treatment repeated as above described The jirecipitate formed is suhmitted to 
great prcssiu'e, and united to the previous one. The dried precipitate is now digested 
with 2 quarts of alcohol of specific gravity 0 936, which dissolvca outbiucmo and eoloiu'- 
iiig matters , and from this solution strychnino is likewise obtained by ciystallisalion 
The remaining precipitate is digested repeatedly with 6 quarts of alcohol ot specific 
gravity 0 838, the solution filtered, and four-fifths of the alcohol recovered by distil- 
lation. In one or two days the strychnine separates as a white eiystaUine powder , it 
is washed several times with alcohol of specific gravity 0 935, to remove any adherent 
brucine, and is obtained perfectly pure by reerystalhsation (Molyn, I. Chim mM. 
Ill, 507 ) 

e Nux-vomicn is to bo boiled with alcohol of 94 per cent. The liquid is to be 
decanted, and the residue dried m an oven , it then becomes easily pulverisablo. The 
powder is to be exhausted with alcohol, and the liquids mixed After being evapo- 
rated to a convenient bulk, ncel.ite of lead is to be added as long as a precipitate is 
formed. Colouring matters, vegetable acids, and fatty substances are thus removed. 
The precipitate is thrown on afllter, imdwellwashed, and tbe filtered liquor is evaporated 
until reduced to about a half or a third of the weight of the nux-vomica employed 
Magnesia is then added to the liquor, and the whole is left at rest for several days, 
until the brucine has had time to deposit The precipitate, having been collected 
on linen, is to bo pressed, di’iod, and treated with alcohol of 83 per cent , to dissolve 
the alkaloids. On distilhng off the alcoholic liquors, the strychnine is first deposited, 
while the brucine remains m the mother-liquors To purify the crude stiycliiiiiio, 
it IS to be satui'ated exactly with dilute nitric acid On concentrating the eolution, 
the nitrate of strychnine is first deposited, in neodles, and the nitrate of brucine 
IS afterwards deposited in much larger crj’Stals The last motlior-hquois are 
gummy, but they still contain some of the alkaloids, which must ho extracted by 
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a fresh U’catnieat with magnesia, &e as before When brucine is precipitated, 
tliere always remains m sohition n considerable quantity, which is deposited after 
a time in crystaUine grains One kilogramme of mix-vomica yields, on treatment as 
above, 2 grammos of nitrate of strychnine, and 5 grammes of nitrate of brnoine. 
(Wittstook.) 

3 JProm Upas Timte — The filtered aqueous solution of the upas is digested with 
magnesia, the precipitate is washed, dried, and boiled out three times with alcohol; 
the alcoholic solutions are ovaporatod , the residue is dissolved in dilute sulphm-ic acid 
and digested with auimal charcoal ; and the solution is again precipitated by magnesia. 
The precipiitate is then exhausted with alcohol, and tho solution evapointed to dryness. 
(Pelleti er and Gaventoii ) 

Detection of Strychnine tn eases of Poisoning (i 127). 

Properties, — Small, white, four-sided prisms, terminated by four-sided pyramids 
(Pelletier and Caventou) — Crystals of the tiimetric or rhombic system. 
Lustre ntreoiis, pearly on tho deavage-faces Hardness between 2 and 2 5 (Kengott, 
Pogg xev 614) Crystals permanent in air, unaltered by light, Eotates polansed 
light to the left May he fused without decomposition. Inodorous, taste intensely 
bitter Excessively poisonous , oue-aighth of a grain wiU kill a large dog ; tbree- 
eiglUlis of a gr.ain cause m man violent tetanic, ooiividsive spasms of the extremities, 
trismus, opisthotonos, and other foimidable symptoms , half a gram, given three times 
a day for several days, caused death witli the usual symptoms. (Pereira, Matena 
Mctltca,i\ 1310) 

Strychnine in poisonous doses almost invariably produces tetanic convulsions The 
smallest dose yet known to prove fatal, was in tho case of Dr. Wainor, who swallowed 
half a gram of sulphate of strychnine in mistake for morphia In a few minutes ho was 
seized IV ith constriction of tho thro.it, tightness of tho chest, rigidity of tho whole muscular 
system, and tetanic coiivnlsious. Ho died in about foiuteen minutes [Taylor on 
Poisons, p 777). The writer has tried the effects of doses of ouo-twelfth of a gram, re- 
peated every four horn's On the second day tho effects wore sufficiently unpleasant 
to render it proper to cease the experiment for a time Gre.at variation is found m the 
powei of different individu.ils to resist the poison , doses of even throe grains have 
been endured by patients, where the quantity has been very gradually increased (Gas 
in6d.. Mars 1846 , Taylor on Poisons, p 777) Strydmine has an alkaline reaction It 
resists putrefaction, and may coiisequeutly ho extracted auocessfiilly from bodies which 
have been buned for a long time, oven alter three years. (Macadam ) 

Strychnine dissolves ni 6607 parts of cold, and m .2500 parts of hoilmg water 
(Pelletier and Caventou ) 

Decompositions — 1. Strychnine, when submitted to destmetive distillation, yields 
pyrrol among other products (Grov Williams). Wlien cautiously iioated, it gives 
off colourless v.ipoiirs, probably of nndecomposed strychnine, then melts to a brown 
liquid, which -when further heated gives off browii vaponrs, and leaves a carbonaceous 
residue (Huflos). Stryclinino by destructive distillation yields small quantities ol 
olniiohno (Gerhardt) Stry'elimne is very easily oxidised, at a red heat, by oxide 
of copper or chromate of load, and therefore, contr.iry to the stntemonts of many 
chemists, is very easily analysed by tho ordinary proeosses (Abel and Nieho Ison) 
— 2 Vapour of loime acts on strychnine, forming a peculiar compound — 3. Bnnane 
produces, m solutiousof strychnino, arosinous piecipitateot bromostiychuiue (L a u r e n tl. 
— 4. Dry chlorine does not act on strychnine or its salts, but chlorostrychnine is 
formed when the gas is pas.s6d into water in which strychnine is suspended. A solu- 
tion containing 1 pt. of acetate of strychnine m 8,000 pts of water is rendered turbid 
\sy chlonne (Marchand) — 8. Solution of cWoride o/ hwc gives a white precipitate in 
dilute eolutioii of acetate of strychnine (Horsley). — 6. Strong nitric aaid, if hot, con- 
veitslhe alkaloid into a yellow explosive nitro-compoixnd, which is probably nitrate of 
nitrostrycbniue Tho solution, on treatment with alkalis in excess, gives off volatile 
bases (Anderson), If strychnine turns rod with cold strong nitric acid, it indicates 
the presence of brucine — 7. ColA. oil of wtnol dissolves Btiyeiiiune, forming a colour- 
less solution, which yields coloured reactions vrith most oxidising aubstaucea This 
solution yields tho foUowmg reactions with various reagents . — a Peroxide of lead gives 
a blue coloration, becoming vuolet, then rod, and finally in a few hours yellow.— 6. Aeul 
chromate of potassium in the solid state, added to the above liquid on a poroelain plate, 
giv es a fine violet coloration , if tho quantity of strychmne present is largo, the colour is 
pale-blne. — c Ferrocyamde of potassium, yields a somewhat similar reaction to h, but 
more permanent — d Black oxide of manganese affords a violet coloration, becoming 
dark-red ui the course of an hour The presenco of santonin, or starcli, does not pieveut 
the recognition of strychnine by acid chromate of potassium in the above solution, sugar. 
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quinine, or morphine renders it indistinct, but does not afifect tho reaction with peroxide 
of manganese. The pieaenee of 30 pta of tartar-emetic doee not provont the coloration 
with acid chromate of potaseium, but 60 pts render it indistinct Very email quanti- 
ties of animal matters, or -cegotable extractive matters, render the above reactions indis- 
tinct, when the strychnine is present in minute traces only — 8 Hot solutions of wdic 
acid colour strychnine and its salts violct-red — 9 Tho iodides of tho alcohol-radielos 
form deiuvatives which will be described further on. 

OomhmUons — Wiih Iodine — a. When a solution of 1 pt of stryelinme m 1 pt of 
alcohol and 3 pts of water is warmed with a httle tincture of lodme, and left to cool 
spontancoubly, crystaJa of an iodine-compound are deposited, having the properties ot 
double absorption. Its formula is probably (Herapath) — h When a 

solution of strychnine in weak alcohol, acidified with hydrochloric or hydnodic acid, is 
preeipitatod with tincture of iodine, the precipitate dissolved in hoUing alcohol, and the 
solution left to cool, bright red-brown prisms are formed permanent at 140=’, andhavina 
the formula G='H=^=0= HIP, (Tildeu) 

When 2 pts. of strychnine are triturated with 1 pt. of iodine, the resulting mass 
dissolved in boihng alcohol, and the solution concentrated and aUowed to cool, laminse 
are deposited having the colour of mosaic gold, and the formula 
S'rBTCKmitE SiiTS — Acids easily dissolve strychnine, forming neutral solutions 
having an intensely bitter taste, and virulently poisonous 
Acetaios of Siryohmne — ^Neutral acetate of stiyehmno crystallises with difficulty, the 
acid salt easily. (Pelletier and Oaventou.) 

Arsenate of Stryclimne, 20'“H**N-’0’’ 3H''O.As®0“ + H'O — Monoclinio prisms, solu- 
ble in 16 pts of cold, and in 6 pts. of hot water 
Aisenita of Birijchiine, 20®‘H'®N*’0*.H’’0,As^0’. — Dull white cubes, efflorescing in 
the air. ^ 

BrmnomemiraU of^ Biryohninc — Pormed in tho same maimer as tho iodine-com- 
pound [infra), but using bromide instead of iodide of potassium. 

CMoro-aurate of Sirffokmne, C-’H^N-'O^HClAn'^Cl’— Lemon-yellow precipitate, 
very slightly soluble in water. Crystallises from alcohol in pale orange-coloiu'cii crys- 
tals (Hioholson and Abel.) 

Chromate of Btri/oknine, 2C“’fl®®N®0’,H''0 CtO’ — Lemon-yellow needles, neutral, and 
sparingly soluble in water and alcohol (Nicholson and Abel ) 

CklarocainmU of Stryohiine, 2(C“H«N=0“ HCl) Cd"CP.— White glittering scales, 
long needles, or large transparent prisms. Does not lose water at 130° (Galle tly ) 
ChlorMnercurate of Bhi/thmnc, HCl Hg''CP —A dense pulverulent pre- 

cipitate, which soon turns golatinous, is thrown down on adding .solution of meionno 
chloride to solution of hydroohlorate of strychmna, Cryatalhses from alcohol. 
(Nicholson and Abel.) 

Btri/ohmne with ilfci «ti ic Chloride, C“’H“NWHg"CP. — ^Thrown down hy a solution 
of mercuric chloride from a solution of strychnine in weak alcohol. White crystalhne 
precipitate, insoluble in water, alcohol, and ether (Nieliolson and Abel) 

Sulphate of Strychnine with Mercuruj Chloride, 2C’‘*H’’W0- H’SO'.2Hg’'Cl'' —Pro- 
duced by dissolving the mercurous compound in sulphuric acid. 

Btrychime with Morcurio Oijanide, O”H’'‘N*0’'.Hg"Cy*, — An alcoholic solution of 
stvyclimne, precipitated by excess of solution of mercuric cyanide, yields this compound 
in small prisms, shghtly soluble in water and alcohol, insoluble in ether. (N lehoi- 
Bon and Abel.) 

Ohloiate of Strychnine — Strychnine dissolved m aqueous ebloric acid forms a rose- 
rod solution, which yields thin short pnsms, and, when the solution is concentrated, 
sohdifles completely 

Chloi oplatinate of Strychnine, 20"H“N’0’’ 2HC1 Pt‘'CP —Solution of hydrochlorato 
of Btrychume is pre cipitated pale-yellow by a solution of tetrachloride of platinum. 
The precipitate is nearly insoluble in water and ether, and with difficulty in boihng 
alcohol. Prom the latter solution it cryst-ilhses in scales resembling mosaic gold. 

GhloropalladUe of Btrychime, 2C’'H“-iN-0“.2HCl.Pd"CP — When a solution of 
dichlorido of palladium is added to a solution of strychnine in hydrochloric acid, a 
brown flocculeut maa.s is precipitated. It is soluble in water and alcohol, and from a 
boiling solution in tlis latter menstruum, may be obtained, on coohng, in dark-brown 
needles. It is not decomposed at 100°. (Nicholson and Abel ) 

Hydrobromate of Siri/o/inmc, C^'H'“NW HBr — Produced by dissolving stryohnino 
in hydrobromic acid, an4 crystallming from water (Nicholson and Abel ) 
Bydrwdatg of Strychnine, C‘’'H“N'’0’.HI — A dense crystoUino precipitate is thrown 
down on adding a solution of lodido of potassium to a solution of strychiiino 
(v Planta). The aloohoho solution, whan evaporated, yields glassy foui-aidcd needles. 
(Merck ) 
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Sydroohlorate of strychnine, — 100 pts of stryehnme, wlaon exposed 

to a current of hydrochloric acid gas, and then ho.itod to 160°, retain 10 67 of hyrtro- 
cHorie acid (Eegnanlt). The game salt is easily obtained by dissolving strydiniuo 
in hydrochloric acid It is neutral towards vegetable colours (Nicholson and 
Abel). It rotates polarised light to the left, [o], = 2818°, Tlie salt is soliibloia 
about 60 pts of water at 22° (Bouchardat). (As to wotcr of crystallisation, see Gin 
xvii. 494.) 

Hydrocyanale of Strychnine. — When strychnine is dissolved in aqueous hydrocyanic 
acid, and the solution is evaporated, the hydrocyanic acid is entirely expelled. (Pel- 
letier and Caventou ) 

Hydi ofemeyanate of Strychnine, 4C-’H“N®0- HTo"Cy“ 2H“0 — Colourless needles, 
produced by mixing cold saturated solutions of farroeyamde of potassiimi and neutral 
salts of stryehnme. (Brandis ) 

Hydroftnatc of Strychnine, 2C’'BP*N-0- SHhl ffO. — Colourless right rhombio 
prisms, having an acid reaction. (Elderhorst ) 

Hyposulphite of Strychnine, 2C-'H--N“0'.H-S-’0’ 4H'0 —Formed m a mixture of 
strychnine, alcohol, and sulphide of ammonium on standing in the air (How ) 

lodomcrcurate of Strychnine, Hg'Tt — Obtained by mixing solutions 

of 2 at hydroohlorate of strychmne, 6 at lodido of potassium, .ind 1 at morctu’to 
chloride Shining microscopic mystals, insoluble in cold and in hot water, and hut 
little soluble in boiling alcohol ( G r o v o s ) 

Nitrate qf Strychnine, C*'H®N®0’HN0‘— Strychnine in fine powder is gently 
heated until dissolved with nitric acid, diluted until it is but feebly acid to the 
taste; the solution, on cooling, deposits beautiful colourless noodles of nitrate of 
strychnine If the mtric acid is too concentrated, the solution assumes a yellow colour 
immediately heat is aiiphod, and a nitro-compound is formed No acid nitrate is pro- 
duced, * 

Melhtafe of Strychnine. — ^When on alcoholic solution of sti'yclmino is mixed wilIi 
an alcoholic solution of mellitio acid, a dazzhng white cry’Stallino precipitate falls 
It IB soluble in 1600 pts of cold, and in 650 pts. of boiling water; perfectly insoluble 
in alcohol. (Karmrodt ) 

Oxalate of Strychnine. — Neutral, 2C'“'H”N’0'' C’H’O* Oxaho acid noutinliscd 
with strychnine yields long flat needles, neutral to litmus — Aod salt, C*'H^“N=0“. 
(ispjiOt Obtained by treating the neutral oxalate with oxnho acid 

Perchlorate of Strychnine, C“'H--N''O^HC10‘ — A solution of sulphate of strych- 
nine decomposed by perchlorate of barium yields small, palo-yoUow, glassy, rhombic 
prisms. 

Periodate of Strychnine. — ^Produced by dissolving sh'yclinine in a warm aqueous 
solution of periodic acid , it crystalhsos in six-sided prisms terminated by foui'-sidcd 
pyramids. 

Phosphantimonate of Strychnine — ^Yellouisli-wbito curdy precipitate, produced by 
adding a solution of phosphantimonic acid to a solution of a stiychuinejsalt. 

Picrate of Strychnine, — ^An alcoholic solution of picric acid precipitates an aleoliolio 
solution of strychnine pale-yeUow, hot solutions, on cooling, yield flue yellow 
ciyetals. 

Sulphate of Strychnine — Neutral, 2G’'H’*-N''0= H=SO'. Dilute sulphuric acid satu- 
rated with finely powdered strychnine (Nicholson and Abel) yields largo four-sided 
prisms The salt rotates polaiised light to the loft, [o], = 25 .78“ for the salt dimd 
at 40°. — Acid, C^'H-'‘N’0“.H-SO'‘ This salt is formed hy adding diluted sulphuric 
acid to the neutral salt , it crystallises in long tliiu needles, and is very acid to test- 
paper. (Nicholson and Abel ) 

Sulphocyamte, C^'E’^NW.CyHS — Sulphocyauate of potassium throws doivu, from 
solutions of strychnine-salts, a denso crystaUmo precipitate ; from hot solutions long 
silky needles. (Artus; v. Planta ) 

Tartrates of Strychnine. — Neutral dextrotartrate, 2G-'II--N''0',C^H“0° + 4aq. Tar- 
taric acid is neutralised with strychnine Efflorescent needles an inch long — 
Actd dextrotartrate. Strychnine dissolved in excess of tartaric acid yields slender needles 
with acid leaction ' 

Antitartrate of Strychnine — The neutral salt heated to 100° loses 7'8 per cent 
water, and nothing more at 200°, but becomes coloured, but to a less extent than the 
dextrotartrate The acid salt loses all its water of crystallisation (10 3 per cent ) more 
rapidly than the acid dextroUrtratc. 

Oxystrycbnlues, ul. 320. 
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Dejuvatiyes of Stbychnihe 

Methylstryohnlne, = C“'1I®‘N'(CH’)0^ — Finely-po-wdered stoyeli- 

nine js heatod for some hours Trith alight excess of methylic iodide in a sealed tubs 
■When the reaction ia complete, the excess of methyhe iodide is distilled off, and the re- 
sidue 13 dissolved in hot water and filtered, to remove any uneombined strychnine. On 
coohng, the solution yields mystals of hydriodate of methylstrychnino, from which 
the base may bo separated by me.m8 of oxide or sulphate of silver, as follows . — 
a. By oxide of stluer — The hydriodato, prepared as above, is agitated with 3 or 
4 pts. of cold water and some oxide of silver, whereby iodide of silver is formed ; the 
liquid then filtered off, and evaporated to the consistence of a syrup, whereupon it de- 
posits crystals of hydrate of methylstrychnine As the dark mother-liquor 
cannot be made to erystalhso, the following process may bo substituted ; — b The 
solution of hydriodate of methylstrychnine is to be decomposed witb an equivalent 
quantity of sulphate of silver , the solution separated from the iodide of silver is 
mixed with baryta-water, and evaporated to dryness ; and the residue is heated with 
water, and evaporated crystals of hydrate of molhylstryelmine then separate out. 
As the salt thus obtained contains excess of water, it is to be dried between 130“ and 
140°. (Ifor very full details concerning the reactions and decompositions of methyl- 
sti'yobnme, see G-m xvii. 507 ) 

It IB remaikable that hydrate of methylstrychnine is not poisonous. Babbits can 
take 11 grams in the comne of a day without being poisoned (Stahlsohraidt). 
Hydrate of methylstryobnine forms easily soluble and crystalline salts with acids. 
Aqueous methylstrychnino precipitates salts of uickol, cobalt, iron, and copper, it 
also precipitates alum, but an eice,sa does not rodiasolvo the precipitate. 

P!ioep/iate of Methylstrychnine, C*'H*'N'''(CH*)0*.PH’0b — ^Aqueous mothylstrych- 
nine neutralised with phosphoric acid yields a ciystaUiue mass, readily soluble in 
water and alcohol, fStahlschmidt) 

Sulphate of Methyhtrychnme —a JSeuiral, H-’SO'.— Preparation 

(see Metliylstrychmno, o). May also be obtained by neutr<ilising the aqueous base 
witbidilute siilphuno acid Thin pe.irly laminm, effloresceut, easily soluble in water — 
4 Mid salt, C'“H*‘li^(CH“)0®.H*SOh Crystolhses easily m laminiB, which have a 
strongly acid reaction (Stahlschmidt ) 

Hydriodate of Methylstrychnine, O*'H‘'N°(Cn.“)0bHI. Pearly lammte, requuiug 
212 pts of cold, but easily soluble ,iu hot water. Diflicultly eoluble in alcohol. 
(Stahlschmidt.) 

Hydrobromaie of Methylstrychnine, C”H’'H-(CH*)0° HBr. — Thrown down when 
bromide of potassium is added to a strong solution of tho hydrochlorate Sparingly 
soluble in cold, but easily in hot water. (Slahlsebmidt ) 

Hydrochloraie of Methylstrychnine, C’'H'‘'N''(0n>)0’ HCl — ^Formed by neutralising 
the base with hydroohloric acid, or decomposing the sulphate with elilonde of haiium. 
Pine prisms half an inch long, soluble in water and alcohol 

Chloroplatinate of Methylstrychnine.— PaXe-jcMm precipitate, difificultly soluble m 
water and alcohol, insoluble in ether. 

BthylstryohnJne, = a‘'K‘'^\Cm‘)0\-Pi eiM ation Similar to 

that of methylsti'ychnmo, 'but substituting othyhe for mcthylic lodido. The base 
may be precipitated by ether from the solution filtered from oxide of silver. 

Caihonates of Ethylstrychnine — a. Hcutial. 'When moist carbonate of silver is agitated 
with hydriodate of etliylstrychnine and water, a colourless solution is obtained, which, 
evaporated m a vacuum, or at 100°, leaves a erystalhiie residue Water dissolves 
carbonate of etbylstrycbmne, leaving flocks of a new base (How) — 6. Acid, 
C'i‘ff'N®(C°H‘’)0’.H'CO® — When carbonic acid is passed into tte solution of the 
neutral carbonate, and the filtrate is evaporated m veumo, or at 100°, a white ciwstalline 
mass IS formed, having an alkaline reaction. It dissolves in absolute alcohol, and is 
precipitated from the solution by ether in colourless prisms. (How ) 

Hydriodate of Ethylstrychnine, 0-‘H-‘N''(C°H'')0'.HI — Shining white four-sided 
pnsms. (How.) 

Nitrate of Ethylstrychnine, C^'H'''N'‘(0’H*)0' HNO“. — Prepared by decomposiug 
the hydriodate 'with nitrate of silver. Colourless, highly refiiactivo prisms, only sUghtly 
soluble in cold, easily m boiling water (How.) 

Chloroplatinate of Ethylstrychnine, 2C-‘H-'N’(G®H“)0®.2HCl.Pt'’'Cl'‘.--Y6llow pre- 
cipitate, which becomes crystalline m a few hom-s. (How.) 

Amylstryobnlne, C-'H’”N''(C‘H'')0’. — ^Prepared, lilce ethylstrychnine, by acting 
Witli moist oxide of silver on the hydroehlorate of amylstryehmne. (How ) 

HydiocUorate of Amylstryehnine, 2[0”H’''N’'(0’H")0“,HC1]H-0. — Prepared by 
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heating, for 100 hours, flnel;^o'wdered stryehnmo TOth chlorido of amyh Colourless, 
ohhqne, rhomhac prisms. (How.) 

Nitrate of AmyUtryehnine, G'='H"N’(G=H")0’HN0’.— Prepared hy decomposing 
hydrocWorato of umylatryohnme with nitrate of silver. Eadiated groups of colourless 

CoMPouiros PEonuoED m Tim actiok of Dibeomidb 
OP ETnYUJHB ON SntyCHNINE. 

Nthyclroh-omate of MhyUne-drychune, C'"’H’"H*(G>H')0- 2H]3r —'Wlicn stiyclimiie 
is heated in a sealed tnho fora quarter of an hour.inth alcohol and excess of dibromidn 
of othyleno, and the resulting crystils are boiled with water until the alcohol and excess 
of dibroniide of ethylene are expelled, the solution, on btanding, deposits eryst.ils of this 
salt. White erystids, only sbghtly soluble in cold, but easily m hot w.itei'and alcohol 
The buliition. is not precipitated by ammonia, potash, or soda The erjst.ds, Ueated 
With acid ehromato of potassium and sulphuric acid, yield the eiimo reaction .us stryeh- 
nuio (MinitriJs) Treated with silver-salts, the crystals give up half thoir biomuu', 
but moist oxide of silver removes the whole, thus two senes of compounds are 
formed. 

a. Cumypunds containing Bromine — An aqueous solution of the crystals is pre- 
cipitated by sulphate of silver , the excess of silver, and also of sulpburio acid, is 
removed hy baryta-water , carbome acid is then passed in, and the solution is filtered 
the resulting alkahuo liquid, evaporated to dryness, leaves ii rosin, whieli Mtoetriis 
calls Jh/chuted Oxide ofStryohnwe-hroincthgl-ummonium, and represents by the fonnula 
C“'H^'N‘(CWBr) 0 -H* 0 . 

p 7 7 ., .r 07 . .7 ,;t.j 7 ojBc</i^f, C*‘H“'N-(C=H‘Br',0®H'S0* — Obtained by docom- 

■ . > of ethylone-stvvcluiine witlv snlph.ile of silver 

c-hrom< thyl, C'-«H^'N^(OHI'r.r)U-’ HNO’.-Ohtainetl hy decom- 
posing dihydrobrc" ' c .. i . 7 1 nitrate of silver. White needles, 

sparingly soluble lot decomposed by alkalis. 

Piatmum-sait, ' , • .‘’'Clh— Obtained by precipitating the 

dihydrochlorate with tetrachloride of platinum. 

b Compounds Jiecfiom Bi online — 

’ C<i>H-«N=(C»H<)0=,H^0 -Solution of dihydi’ohromate 

of , ntJimoistoxideofsilvor. becomes of a redihsh colour, 

and tie hydrate is obtained hy evaporating the filtered solution (M ^ n 6 1 r 1 6 s ) 

Ti'ioidoret'hylene~et)-yehnine, C-'il”Cl“N-(C'‘H')0= — A white fivlliy substance, 
obtained by passing chlorine into an aqueous solution of hydrate of ethylene-strych- 
nine (MSn6trii.s) 

SitraU of Nitro-ethytcne-sirgrhmm. C“'E'“(N0®)N-'(G-’H'‘)0“ HhTO® — When iia 
aqueous solution of hydrate of ethyleue-strychnme 13 mixed with uitrio acid, a white 
crystallme powder is deposited, insolnhls in water, hut soUihlo m strong acids, ou 
evaporation w ith uitrie acid, an orangc-red substance is formed, winch has piobalily 
the above formula 

Chlorostrycbnlne, C-'IP'CIN^O" — ^When a hot solution of hydrochlorate of 
strychnine is treated with chlonne-gas, a rosm gradually deposits, the solution retiim- 
iiig liydroohlorate of ehlorostryehuina Ammonia is then added tu the solution drupi 
by drop, until a small permanent iiroeijiitate is formed, the hqaid is filtered, and the 
filtrate IS precipitated with ammoniii. (Laiire nt ) 

Siilpkate of Chlorosirychiina, 2C*'H-'CIN-0'‘ H^SOt— Prop.irPd hy nontr.alising dilute 
sulphuric acid with chioroBtrychnino, and obtained in crystals by evaporating the 
solution. 

Classified List of Mpmoibs on SiaToninio: 

Detection of Strychnine , — Brioger, J'olirh.pr.Pharm.xx 87 — ^Bingley.Chcm Gaa. 
18.56, p 229 — ^DoVrij and VanderBurg, Bharm J Trans, xm 448 — Erdmann 
and Marchiiiid, J. pr Chem xxxi 374. J Erdmann, Ann Oh. Piiarm. c.xxii. 
360 — ^Eboli, Arehiv dor Plmnn. cxxxv 186 — ^Flandin, Oompt rend Lxxxvi 617 — 
.Gornp-Bosiinez, Hnndwortcrb. [2] 1 168 — Hnnefeld, Schw lx, 454 —Hagen, 
Ann Oil Pharm ciii 159 — Jordan, N Itepcrt x. 1.56 — Mayer, J Pliarni [.3], xlvi 
121.— Otto, Ann Ch Plini-m c. 39— Itceae, Ohem, News, 1362, p 316 — Euubseiui, 
J Glum Wud. XX 416 — Rodgers and Gii dwood, Pharm Tr.iiis. xvi 497.— Htas, 
J pr Chem Iv. 232, — •Stevenson Macadam, Pharm J. Timiis xvi 120, 100; 
Kopp's .Jnlireshr 1866, p 769. — Schroder,N Br. Ai’ch. xeiii 190 — Thoni.is.Araor. 
Journ Pharm 1862, p 227 — ^Thomson,Pha,rm g Trans ix 24, — Vogel, N Ecjjirt. 
Phiinn, u. 660 — Von tislar and J. Erdmann, Ann Gh Pliurm. c.vx 121 — 
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WagnuA Kopp’s Jahrestor 1861, p 867 — AVittstein, Hiarm. Viortelj, vi. 273 

JjBtheby, Pkarm J. Tiaiib. xvi. 10.— Davy, J I’Uarm [3], xiiv. 201— Mack, N. 
Br. Arch xlvi 311 

Alhqed nduHeration of Pale Ale mth Siri/chune —GtfLham. and Hofmann, 
Pliarin J Tinns xi 601, Ann. Ch Pharm Ixxxiii. 39, Cliem Gaz 1802, p 197. 

Prejiauition of Strychnine — Gorriol, J. Pli.nrra xi 192 — Soubeiran, J Phavni. 
[3], xlv. 230 — Winekler, Mag. Pharm xix 261 — Ncuhans, N Tr. xi. 2, 198 
— JJufloa, Berl Jiihrb. xxviu. 2, 208 — O Henry, J. Pharm. xvi 752 — E.Hanry, 
J Pharm. viii 101. — Lohonrdaia and Tillny, J Pharm [3], xxui. 400 — Witt- 
btoin, Dai'itell u. Pimfong, p. 216. — Wittstoclc, Bersebus Lihrb. 3rd ed. vi. 296. 
— Geiseler, N. Hr Arch, u 73. 

Action of Nitrio Ami on Stri/clmine ami Bnicuie — Gerhardt, Chem. Gaz. 1863, 
p. 283 —Gerhardt, Gompt. Clnm 1815, p 136 

Action of Chlorine and Broimneou Strychnine. — Laurent, Compt. rend xxir 220 , 
,I pr Chem xlvi. 62. — Lepage, J Pharm xxvi HO. — Eiogel, N. Si Ai'ch Iriii. 
274 — Laurent, Ann. Ch Phys. [3], xxit. 312 

Action of noicent Oxygen on Siryolinme. — E. Marchand, Chem.Gaz. 1841, p. 484; 
J-, Chim mM July 1814. 

Enqiloyment of Elcotrmty m Cases of Poisoning with Strychnine — Duclos, 
Buchner’s Eep Pharm. xxxii. 

STETCHNLKE-aALTS . — Salts generally Nioholsou and Abel, Chem. Soc Qii. J. 
n. 2il.—Arsemte Chiappero, N. Br Arch ay 94 — Cerosoli, N .7. PEuto. [l], 
1 313. — liiti/loreimaio Kosmunn, J Pharm [3], xxm 204 . — Cnrbonatc Lang- 
lina, Ann. Ch. Phys. [8], xlvm. 60%—Chlorocadiniaie G.illetl), Ed. New Phil. J. 
IV 94 — Chloi ocincate ■ Grafinghoff, J. pr. Chem xcv 229 — Hyelrochloi ate of 
Stn/ohmne and Cyanide of Mircttiy Kohl and Swobodu, Chem. Gaz 1863, p. 70. 
— Hydt ostdyhooyanaie , Artne, J pr Chem iii 320. viii 253 --Henry, J. Pharm. 
XXIV 194 — Lepage, J. Phaim. xxvi 110. — Dollfus, Ann Ch Pharm l-o' 216. 
— Uydi oylatviooyanate Schw.irzenhaeli, Pharm VierteJ,) viii 618 — lodate 

Sorullas Ann Ch. Phys xlv 21 6.— Periodate Bodeker, Ann Ch Pharm Ix-m. 
Qi—Iodomncmate Groves, Chem Sec Qn. J ii 97 — Hydrojlmte, Eldorhorst, 
Ann Ch Pharm. hcxiv. Il.—Hyposulphaio How, Pharm Oentr 1855, p 95 — 
Eippurate said Oxahirato Ann. Ch. Pharm. Ix-xtv 77 — Methtate Karmrodt, Ann. 
Oh. Pharm. Ixxxi nO.— Oauluies • Eldorhorst, loc oit. — Tartrates • Arppo, J. 
pr. Chem hn. 331. — Pasteur, Ann Ch. Pl.ye. [3], xxxnu. 437. — Slonhouae, 
Ann. Ch PJiarm. cx.\nx 26 

lodo-Lompomids.—'Silde-a, Cliem Soc J. [2], lii. 99.— Herapafch, Chem. Gaz. 
1865, p. 320 , Proc. Eoj Soc June 1866 

Bcmoio dcnoativis of Stiyehninc. — Sehutzonborgar, Compt rend xlvii. 283, 
Chem Gaz 1868, p 387. 

SuMTiTtiTioN-ooMPOUNBS OP Stkycjihine — MethyUtn/chiine Stalilschinidt, 
Pogg Ann cviii. 613 — Ethylstrychnme Hou, Trans Hoy Sue Edin xxi. 1, 27, 
Chem Gaz 1864, pp. 321, 341, 366 — .dwiylsirye/mom. How, Igc cit — Coinpoundspro- 
dneed by the action of Mromtde on Ethi/lene 'M6n6triis, J pr. Chem Ixxxv. 230. 

Crystalline form of some Salts.— TtBaeloizosnix, Conrot rend xliv 909. 

C G. W. 

STR’irCHM'OCKSOr.SB or STJtTCHM'OCHBOMtMir.— A resinous yoEow 
ooloiU’ing mattei, from the lichens of Lilse Angustura, also from those found on the bark 
of®i'yi.’7i,iosPifm?o(//i«<r,aswella3from Upas Tieuti The lichens are exhausted with 
ether, and then with alcohol, the alcoholic tmeture is evaporated, amltho residue is boiled 
repeatedly with water, which dissolves extractive matters, and leaves the yellow It 
IS a reddish-yellou, tastele-s, non-poisonous powder It dissolves in strong nitric acid 
with flue green colour, which disappears on diluting the solution ivith water , but ap- 
pears again when the liquid is concentrated, and is turned yellow by sulphiirio auid 
and ferrous sulphate Stioiig nitricacid alsotlirows down from alcoholic sti'yehnochrorao 
a green precipitate, which loses its colour when washed. Oil of vitriul tm-iis sti'ychao- 
chreme green , strong eanstic potash decomposes it. — ^It is nearly msuluble in boding 
water and dilute alkalis , soluble in acetic acid, from which it is precipitated by 
■ilkalis , easily soluble, witli reddish-yellow colom’, in alcohol , and very ehghtly 
soluble m ether and volatile oils. (Pelletier, J. Pharm v. 646. — Pelletier and 
Caveutou, Ann Ch Phys [2]. xxn. 64) 

The strydinino prepared from Kiix-vomica, Fuba St Ignatii, and Upas TtenU obsti- 
nately retains a yellow eolounng-m.ilter, which remains in solution when an aqueous 
extract of the upas is precipitated with magnesia, and is obtained as a yellow extract 
on evaporation This body is colouied bngbt-ied by strong nitric amd, it diasohcs 
easily in water and alcohol, and is not precipitated by neutral acetate of lead. 
(Pelletier and Cavontou.) 



446 


STRYCHNOS— STYEYLAMINE. 


SXRVCUnros. A genus of apocynaeeous plants, melnding several species wliieh 
yield strychnine and hrueiuo Stryeknos coluhrim, a tree glowing in the Moluccas, 
yields snalco-wood, wliicVi contains a large quantity of fatty niatter, and, according 
to PcUeticr and Caventou, a cm tain quontity ot atrjclrauie, but less than nux- vomica , 
it was formerly used as an antidote to tho bites of iioisonous serpeuts. The fniit of 
Sir Nux-mmica yields strychnine and hrncino. Sir Sf. Ignata yields tho hoans of 
iSt Ignatius, which contain strychiuno with a very small quantity of brucine. SW. 
TieiM yields trp.-ia-tieiit(i, tbo Jnran arrow-poison, which also contains strychiuno 
with traces of brucine. Tlio bark of Sir Tu’udochtna, a tiee growing in Eraail, and 
used there as a febrifugo, is said by Vauquelm not to contain strychnine. 

STUSEKITEi, A f.ilil-ore occurring in the dolonuto of Aiisscrbcrg, in the Valais. 
It is laminar to massive, of unovon fracture, black, of spociflc gravity 4'6o Accor- 
ding to an analysis by Pollouborg (Jabrosb. IStij, p 872), it contains, in 100 paits: 

S. bb *8 Bi Cu. Zn. Fb Pb. Ab. 

24 47 16 68 11-49 0 fig 38 17 6 11 2 78 0-88 0 96 

SSIIBBI.ITH. A muioral found in the island of Lipari, and analysed by 
A. Stubel (Jahresb. 1866. p. 892) It is .imorphous, botiyoidal, kidney-shaped, or 
encrusted , very brittle, of conchoidal fracture, and velvet-black to pitch-black colour. 
Hardness *= 4 to 6. Spociflc granty = 2 223 to 2 263 Contaius • 

Sioa. AI’Oi FeSOi Muao-*. |MbO OuO. Cl. H20. 

26 99 6 37 10-18 21-89 1-03 16-23 0-77 16 86 = 98-81 

aitvSiOBlTB. Syn. With Gehlekitb. 

SXYX.OBITBS. Pecubor elongated calcareous foimations, ocotuTiug in tho 
Muschelkalk at Riidei-sdoif, near Bci-bn, 

STYIiOXYPE. An antimonial fahl-oi-e from Copiapo in Chile, ooouri-ing in 
groups of four-sided nearly rectangular prisms, probably belonging to the trimotrio 
syatoiu It has an imperfectly conchoidal fracture, iron-hlack colour, and hlaok 
stieai. Hardness >= 3. Specific gravily = 4 79 Contains . 

S Sb Co Ar. Fe Pb. Zn. 

24 30 80-63 28-00 8 30 7 00 trace = 98-13 

agreeing nearly with the formula S | . Sb-S’, which is of the general form 

SB"S,Sh’S>. 

SXTrPHWXC ACID. Syn -with OxiPionio Acid (iv 317). 

SX-YPXBBXTE, Native hydrated sulphate of aluminium. (See Sulphates.) 

SXYPIXCITH. Native basic feme sulphate. (See Sulphates.) 

SXYItaCIIT. Styrylio or Cmnylic Cmnamate, C'“H'“0* = 

(i. 986.) 

mS^COWB.! Sttbtlio Alcohol (p. 447). 

SX-YBAX. Syn. with Stohax (i. 497). 

BXYBOIi. Syn with CntNAioama, C®H’ (i 982). 

Dtityrol, is produced by heating cinnamic aeid with aqueous hydrobioniio 

acid of speciflo gravity 1 12, or with a mixture of 1 pt. oil of vitnol and 2 pts. 

2C?'H''0* ° 2CO^ + 

It is an oily hydrocarbon, which forms with bromine the crystalline compound, 
It IS not eonv^ed into metostyrol fmetncinnameno, i. 982) by continued 
halting to 200'’. (Brlenmeyor, Ann. Oh. Pharm. oxxxv. 122.) 

SX-YRON-E. Syn. with S-rTaiLio Alcohol. 

SXYRYE. Syii. with CiMHIL, CH” 

EXYRYEAIHIKE. C"H"N = N Cmiylamine. (Eamdohr, Zeitschr. 

f. Pharm. 1868, p. 113, Jahresh 1858, p. 448) — A base, produced by heating 
styiyhc chloride with a solution of ammonia in absolute alcohol in sealed tubes to 
100° (the tubes arc apt to explode at higher temperatures). The resulting hydro- 
clilorutc of styrylninino is purified by recry.staIlisation from water and pressure between 
paper, and from tho aqueous solution of this salt, the base is separated by potash as a 
bulky precipitate, which, by solution in ether and spontaneous evaporation, is obtained 
in small colourless crystals. 
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Styrjlamme molts easily to a yellow oil, wliicli volatilises at 100° The vapours, n.9 
well as tlie ethereal solution, aro alkalino It has a hitter, ennstic, very persistent 
histe, and dissolves re.idily in ether. The aqueous solution exhibits the follomiig 
rB.mtioiis -With the latrtttca of bammi, caloiam, and magnesium, in neutral solution, 
white pi’tcipitates, with /e/ nc eWonifc, a bromi-rod, rather dense precipitate, with 
nnc-sniphate, white, msolnble in excess of the alkali , with eupni, s/ilphatc and niekd- 
sidphate, greohish-whito, iiisolnhle in excess, -mih lead-acetate, white, with wiercimo 
chloride, white, bulky , with silver-mimte, no reaction , with mine chloitde, immediate 
3 ollowish-rerl precipitate , yniii platmic chloride, cgg-ycUow, mth potassic permanga- 
nate, copious brown procipitiite , with potassw chrumaic and sulphuric acid, reduction 
of tlio ehromio' acid to chromic oxido , with potassic aulphoeganate, slight ctystallino 
precipitate after some time , with tamnn, an immediate precipitate 

Hydrochlm ate of Styrglamiue, 0"n"N.H0I, crystallises from water in stellate groups 
of snow-white crystals, belonging to the legular system Tlio cldoroplatinate, 2C"H"N. 
ffCl-' Py^Gl*, 13 an egg-yellow precipitate, Bp.inugly soluble in cold, more easily in 
hot water, insoluble in alcohol and ether , when heated it melts, blackens, gives off 
strong-smelhng vapours, and leaves a large quantity of charcoal. 

STYRYIIC AKCOBOl^. C“H'"0 = ^’|o.— An alcohol produced hy dis- 
tilling styi'aoin (styiylio ciunamate) with ennstic potash or soda, — already partly 
desoi'ihod'as Ounrenio Aicohol (i 992) According to Bamdohr (Zeitschr f. 
Ph.irni 18o8, p. 113, Jalu’esh 1858, p 446), the distiUution should he conducted m 
copper vessels, heoauso glass vessels are bahlo to be broken hy the percussive ebulli- 
tion, cau’iod hy the separation of the alk.iline cmnamato produced The styrylio 
alcoliol passes over with the aqueous vapour, and separates on the water, in the eoiu’so 
of a few days, in fine crystals (or, m warm we.ithor, somotiines .is an oil, which may 
remain liquid for a long time). It is somewhat soluble m cold water, less soluble in a 
strong solution of common salt. 

Styryho alcohol is eonveited by oxidation into cinnamic .aldehyde, C“H‘0, and 
cinnainio acid, C"H*0® When poured m the fused state on platinnm-blacl, it is con- 
verted, after a few days, almost wholly into cinnamic aldehyde (Strecker) — ^With 
chroiMO acid, or a mixture of pot.iBsic chromate and sulphuric .acid, it becomes hot, and 
yields oinnamio acid, which separates on the surface, and if the liquid ho bdiled, is 
further converted into benzoic aldehyde (biftei-nlmoiid oil) (AVolff) — Heated with 
strong poiaiih-lcg and peroaidc of lead, it gives off a largo quantity of benzoic aldehyde, 
and the residue contains ciimaimc acid , the peroxide of load is, at the same time, 
reduced to iprntoxide, or sometunes oven to metal (W olff) —With potaah and carbonic 
diaidphide, it yields a salt an.dogous to xanthoto of potassium (Scharberg). — When 
boated with mine acid, it dissolves, and is slowly attacked, a large quantity of nitrous 
aoid boiug evolved, benzoic aldohyde distilling over, and benzoie acid remaining 
behind. If the formation of nitrous acid be prevented by addition of urea, a amaUer 
quantity of benzoic aldehyde is formed, and the residue contains- nitro-cmuamio acid. 
(For the other reactions see tho next article ) 

STYBYlIC ETHBES. (Bamdohr, loo. eit) — Styryho Acetate, 
C“H“(C”H*)0“, IS produced by the action of acetic chloride on tho alcohol; it distils 
without decomposition — Styrylio Benzoate, C’H’(C"H“)0*, produced in like 
manner is crystalline, hut not volatile without decomposition. 

Styryho Chloride, C“H*C1, — ^When dry hydiochloric acid gas is passed into 
crystallised styrylio alcohol, the latter becomes liquid, and separates into two layers , 
and on lieating tho product to 100°, washing with dilute soda-ley, and drying with 
calcic chloride, styr3-]ic chloride is obtained as an oil of light wine-yollow colour, 
smelling of omnamuu and nnise-oils, remaining liquid at —19°, and decomposed by 
distillation, even in .a vncmim 

Heated with cyanide of potassinm, either in open vessels or to 100° in sealed tubes, 
it yield.s a reddish od, which quickly decomposes, with formation of a resinous mass, 
and cannot be purified oy distillation. 

Styryho Cinnamate, C“H‘W ,= C»H’(C»H»)0'‘ — Syn. with Cinnyho Cinna- 
mate or Styrncm (i 980) 

Styryho Cyanide, = CH* ON, is produced hy heating styryho iodide with 

an alcoholic solution of potassic cyanide to 100° m sealed tubes , on opening the tubes, 
a strong odour of cyanogen becomes perceptible, and an oily layer separates on ooobng. 
Addition of water renders the contents of the tubes mi&y, and, on fiu-thor addmg 
commou salt, the styrylio cy.anido separates as a yellowish oil, easily soluble in ether, 
sparingly in alcohol, msolnhle m wator When heated with potash, it gives off 
ammonia, and becomes rcsimsed, but docs not appear to yield an atad homologous to 
eiiiuamio acid. 
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Styrytic Iodide, la produced by the action of lodido of phosphonia on 

Btyrylic alcohol. The action takes place without aid of heat , the styiylic alcohol 
melts, and the inixtiiro, -nhoii wormed, aep.arates into two layers, the upper of which 
con.sista of atyrylic iodide, to be purified hko the chloride It is heavier than water , 
has an aromatic odour, and burning taste; cannot be distilled, either alone or with 

Sfyryho Oxide, (C’!H’’)“0, is produced by the action of boric anhydride on stynylic 
alcohol Wien the two substances are triturated together, the alcohol first melts, and 
the mixture eolidifles , and on heating it in scaled tubes to 100“, for five or six hours, 
the formation of the styrylic oxide is comploted , the product may bo ftnod from boric 
acid by means of soda-soliition — Styiylie oxido is a liglit-ycllow viscid oil, having an 
odour of ciiiiiaiuon, heavier than water, paitially decomposed by distillation 

Styrj/l-cthi/lw Oxide, C"H“ 0-H“ O, produced by the action of Bodic ethylate on 
st)rylic chloride, is a liijuid heavier than w'nter, insoluble therein, easily soluble m 
alcohol and ether, and distilling at a very high temperature. 

«S' It/ry he Sulphide, (C"H"V®S, obtained by mixing the alcobolic solutions of styrylic 
chloride and potassic mouosulphide, is a yoUowiah, fetid, non-disbllablo oil. 

STyBYIiEWH, The name given hy Chiozza to a base, C“H“N, probably formed 
by the action of ammonmm-sulphide on metastjTol (i. 983) 

S” I XT 

StrBBaAIwic ACID. 0“H'»N0' = q —Produced by the dry dis- 

tillation of ammoninm-suhorate It is fiisiblo, aoliihle in boilmg water, and deposited 
tlierefrom on cooling. On boiling it with banum-earbonate, and treating the filtrate 
with sitvor-nitrato, a gelatinous precipitate is formed, containing 38 per cent, silicr, 
agreeing approximately with the formula G'n^AgNO’, which requires 88 57 per cent 
silver. (Oerliardt, Compt. chim. 1846, p. 178 )» 

SUBBRAMIDB. C»H">N'0» = N^C'S'-O*)" H‘.-W]iite crystalline suhstaiice' 
produced by the action of aqueous ammonia on methylio suborate, or by passing 
ammonincal gas into an alcoholic solution of ethylio suberate. (Laurent, J. pr. Chom. 
xxvu. 813.) 

) jif 

SUSaRAIJlliIC ACID Phenyl-subcramio Acid, = (C'H*’0*)’'>q' 

(Laurent and Oerhardt, Ann Cli Pbys [3] xxiv 185) — Produced, together with 
BuberanUide, by melting suberic acid with an equal volume of diy aniline Wicu file 
alcoholic liquid from which suhoraniiide is precipitated by water, is evnpoiatod till 
the alcohol is driven off, a brownish oil separates, which solidifies on coohng. Tliis 
oil IS dissolved in boiling ammonia, which loaves a certain quantity of suheranihde, 
and filtered; from the filtrate hydrochloric aoid precipitates colourless suberanilio 
aoid If during the boiling a sbght excess of hydrochloue acid be added, suberanilio 
acid will separate on cooluig, partly erystallino, and paitly as a pale-yellowish oil, which 
afterwards solidifies. 

The acid forms microscopic larainai, irregularly iiotohed, molts at, 128°, becoming 
cvystallme on cooling It is not soluble in cold, and bat slightly soluble in hot water 
It dissolves re.ulily in ether The solution in hot water reddens litmus. By diy 
distillation it yields mueli charcoal, and a thick oil containing aniline, which partly 
aoliihfits on cooling Pusod with potash it yields aniline 

Suheranihite of AmmoMum — Tlio acid dissolves easily m hot ammonia, and the salt 
is de^iosited in small granular crystals, whoso aqueous solution is not coloured hy 
chloride of lime 

The aminonmra-Sdlt precipitates cWonde of ianrnn, the precipitate dissolvos readily 
in boiling water, and separates on cooling m woolly flakes With chloride of calcium 
it gives a white precipitate, soluhle in hot water , with had-calts a white precipitate, 
insolublo in Water It precipitates ferrous salis yollowish- white, cupi io salts hght- 
hliie, the precipitate being insoluble m water , with silver-nitrate a white precipitate, 
insoluhlc m water, and turning violet on exposure to light, 

(G«H>=O0") 

StTBBRAMXI.IDH. Phenyl-subiramide. = (G"H')“ V'S^. (Lau- 

rent and G erhar d t, foe cit ) — When equal measures of dry anihno and fused suherio 
acid are melted together, water is produced The mixture is kept melted for ten 
minutes near the boilmg heat; and an equal hulk of alcohol is then added, which 
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imnicdmtoly dissolves the Ttuxtiire. Aftoi- a few mimitpb the solution solidifies to a 
ninss of crystals, ■winch are dissolved m more hoiling alcohol, and the sohilion is left to 
stand, whereupon most of the auhccambdo crystallises out The rest is procipitatod 
by water, snbei'iinilic acid remaining m solution 

Snbevsnilide erystalhsos i'lom alcohol in pearly InmiuFC It melts at 183°, and 
crystallises on cooling It is but shghtly soluble in cold alcohol, but dissolves readily 
in boiling alcohol and in ether 

When subjected to dry distillation, it leaves a small quantity of charcoal, and yields 
an cni, ■which solidifies on cooling, and cvystalhses from a hot alcoholic solution 
in pcai'ly laminEC, ■which however present a different appearance under the micro- 
scope, and seem to be somewhat rounded Gently heated with hydrate of potiia- 
suim, it immediately gives off aniline. It is not attacked by ammonia, or by boiling 
solution of potash. 

SVBBRIC ACin. (Brugnatelh, 

Crell. Ann. 1787, i 146.— Bouillon Lagrange, Ann Chim xxiii. 2, J Bharm. viii 
107.— Ghevreul, Ann Ohim Ixii 323; xcn. 182— Brandes, Sebvr J. xxxii 303; 
xxxm. 83; XKXvi 263, Ann. Gb.Pharm. ix. 296. — Bnssy, J Bbavra viii. 107, xix 425. 
— Boussingnult, J pr Ohem vii.211 — Harff.K Br Arch.v 303 —Lament, Ann. 
Oh Phya [2], Ixvi 157 — Broniois, Ann Gh Plurai xxxv 89, — Tilley, i6irf. 
xxxix 166 — Saoc, tAid. li 222 — Wirtz,46id civ. 201 — Arppe, O.wrfntiore «/ PVits 
it/ Nitne Aatd, Ann Oh Phavui cxv. 143, cix. 288- Jahresb 1800, p. 240 , 1801, 
p 357 ; 1864, p 877 — Gm xiii 204 ) • 

Tins acid, belonging to the oxalic senes, “0* (i, 62), was first obtained by 

the action of nitrio acid upon cork (Brnguatelli) Iiouce its name (from the Latin 
subst') It IS also produced, togotlior with several other acids of the same soiios, by 
the oxidising action of nitno aeid on vtu'ious tatty bodies — eg oleic acid (Laurent), 
atearioaoid(Bromeia), castor-oil (Tilley), linsoed-oil (Saoc), coeoiinut-oil (Wirtz); 
•lastly, it IS produced by the action of nitric acid on suberone (p. 460). 

It 13 moat easily prepared by treating oorainercial stearic or oleic acid, or ciistor-oil, 
with, nitric acid, in the manner doaonhed under Lepaiioyxio Acid (lu 671) andPiMEHO 
Aon) (iv. 616). The resulting acid solution, when duly coucenti.ite<.l, yields a white 
granular mass, which, when freed from oxalic acid by wtislimg ivith cold and reerya- 
talbsation from warm water, and from other moi e soluble acids by melting tlie cryst.ils, 
pulverising the fused mass, and freiiting the powder with water, yields a mixture of 
azelaio (lopargylio) and snbcrio acids, and on tre.iting tins rosiduo ■with cold etliir, 
the azelaio acid is dissolved, while the suberic acid remains liohiud Furthei purifica- 
tion may be effected by repeated tieatment ■with water and otliei successively 

Pure suberic acid crysfalliseB, according to Aippe, in needles an inch long, oi 
in tabular crystals (six-eidod tables of 120“, apiiareiitly belonging to the hexagonal 
system) It melts at 140°, sohdifies in transparent sharp needles, and sublimes 
between 160° and 160°, with pin tml decomposition, in sleucler needles half an inch 
long It dissolves sparingly lu cold, easily in boiling wukr, more easily in alco/iol 
than in water, sparingly in etkr, spiiniigly in cold, easily in -w.inn oil of turjgcnhnc, 
and mixes -with /.red ails. 

Subeno acid, when heated in a test-tube, gives off suffocating vapours, conelensing 
into drops which become solid and ciystalhne It is decomposed by prolonged boiling 
■with mtne acid, forming an oily acid, "which has the odour ot butyne acid (Sacol. 
Distilled mth 4 pts manganic pirondc, 1 pt oil of -vitriol, and 1 pt water, it yields 
an acid distillate, smelling of foi-mic acid (Brandes) Distilled inth excess othme, it 
juelds suberone (p 450), together with other products Distilled with excess of haryta, 
it yields at 80° a liquid distillate, from which by rectification a hydroe.U'hon is obtained, 
having the composition C“1I", and boiling at 76°, C"H‘'0‘ = 2CO'' + C'E" (Eiclie, 
Ann Ch Pharm cxm. 106) According to E S Dale (Cbem Soe J [2] li 258), 
the acid distibed with anbydroiis or hyilrntod baryta yields, at a temperature near 
redness, a yellowish ml, from which, by treatment with a mixture of nitric and 
sulphuric acids, and subsequent rectification, a hydrocarbon, is obtained, agree- 

ing in proprties -with hexylic hydride obtained from eoal-tar, excepting that tho 
somewhat lower specific gravity (0 6617 at 17 5°) brings it nearer to the i8-hexjlie 
hydride, discovered by W anklyn and Erlenmey er (iii 163). 

Suberic acid fused with amhae yields suberamhde and snberanilie acid (p 448) 

Suberates — Suberic acid is dibasic, the formula of its 'normal ealts being 
or G“H”M’'0‘ Tlio suberates of the alkali-melals, earth-mcliils, zinc, and 
manganese are mors or less soluble m water , and from tlioir solutions, tho euheiic 
acid 13 precipitated ,by stronger acids as a white powder. They are decomposed Ijy 
dihtillution, yielding a white sublimate of the acid 

Tho aqueous solution of suberic acid does not precipitate any met.iUic s.dt except 
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neutral acetate of load When "^atuvated 171111 aimnonia, it prccipitntoH the solutions 
of barium-, calcium-, and strontium -dilorides only on addition of akohol, but forms 
an immediata white piecipitiite m solutions of the neutral salts of silver, mercury, 
amo, and tin — ^hluiah-groon with cupric sulphate, rod-brown witli foriic sulphate 
The composition and physical characters of tlio snlierates, as determined by Ai'ppo, 
aiu ns follows . 

Neutral Buhoratc of sodium . . 2C*H"'N.a=0 ‘ H’O wartyordoiulntic aggregates. 

Acid „ . . C’H'’NaO* tufts of noodles. 

Riiberato of haiium . . . C"H'*Ba"0' 1 

„ btrnnlium . . . C“lI'''Sr"0' fcivstullino proeipitatoa 

,. calcium . . 2C»n”Ca"0' Fl^O J 

„ ra.iguesiiim . . C“H''Mg"0h3H'0 warty ciyst.allme aggregates, 

„ aliuniiiium. . . . white amorphous powder 

„ zinc .... C"H''‘7,u"0'' linn granular precipitate 

„ maiignneso . . C‘Il'®j\Iu"0'‘ .'IIT’O light-ied crystalline spangles. 

„ „ . . G*H'’Mn"0^ produced on boiling. 

„ copper . . . C"H'’Cu"0*.H-0 green precipitate, 

„ wher . . . C“H’*Ag®0* wliitc preeipitiito, 

„ lead .... C“II'']-’b"0'‘ white precipitate 

„ „ (basic) . . C'II‘“Pb''0<.2Pb"0 producod on boiling with nm- 

StrBEKI?3 ETHERS. Bth^Ho SuJ>erate,0'iW‘‘0' = is obtained 

by heating suberic acid with .alcohol and snlphiirio or hydrorhloiic acid, or by passing 
hyilvoclilotic acid gas into an alcoholic solution of suberic acid. It is a limpid liquid, 
b.iymg a faint odoiu and nniisoons taste. Specific ginml.y = 1 OOS at 15° Boils 
without decomposition at 230° (Brniueisl, at 260° (Laurent) It mixes m all 

S rtions With iileohol and other. It is scarcely attacked by aqueous potiisb.but 
ilic potash quickly decomposoe it With alcoholic animnnm it yields suheranndo 
ip, 448) By chloiine it is slowly converted into clilorothylio subeiato, 
C'-H^CPOh (Laurent) 

Methylic 8uheiate,G"‘'S.'‘0* = | O’.— Prepared like tho ethyl-compound 

which itrosoTUbles Sjiociflc gravity = 1 014 at 18°. Porms siiberamide with ammo- 
aia. (Laurent) 

StrSERin. Colltilose from cork. 

SUBEROHE. Bydnde of Suben /! — When siihene acid is distilled nnth excc‘.s 
of hme, a distillate is obtained, winch yields by icetiflcation an aiomatio liquid 
boiling at 176°, and probably consisting of snberoiio, the ketone of suberic acid, 
= (C*H”0’)’’(0“H'’)''— Its formation taking place thus 
2C“H'''0' = 2CO’ + 2H’0 + C"H-*0’ 

Its composition has not, however, been ascertained with ceit.iinty, and, moioover, it 
differs from ketones in general m being converted ipto suberic acid by the action of 
mtnoacid (Boussiiignult, Ann Cb. Pharm xis 308 — Tilloy, liirf xxmx. 167) 
SUBERVI,, 0"H'-'O’ — The diatomic radicle of suberic acid, &c Boiissingaiilt 
applied the same term to the radicle t!“H'’0, which ho supposul to exist in the so- 
called suberone, that compound having, aocoiding to bis au.ihsis, the composition 
O-H-’O = 

SlTBEinCATE, Abodyobt.iiued in the solid state by the cooling of its vapour — 
e g sidphnr, iodine, sal-iimmomac, morciirie chloride (corrosive subhm,it6, &c ) 


__ _ _ le name applied by O’ Sh - . 

265|toa faintly reddish body, which he ohtaiiiod from blood-serum by mixing it nith 
alcohol, filtering, and beating the turbid filhato , but its saparato identity is not 
established liy any satisfactory evidence. 

SITBSTITUTIOIW. Undor tho head of Equivalbhts, frequent allusion has been 
made to the substitution oi one element for another Substitution is, in fact, tho great 
agent of cbemical change The instances m which compounds are foivncd by clircct 
union of tlioir elements, ultimate or proximate, or decomposed by direct separation of 
those elements, aio eomparatively rare, and even those may often bo regarded as 
particular cases of substitution (see Cjihmicai. AFFiNriT, i. 867) ’ thus the formation 
of hydrochloric acid, when cbloiine and hydrogen come m contact, may bo supposed to 
take place by an luterthange of these elements between a molecnle of chlorine and a 
molecule of hydrogen, each consisting of two atoms 


HCl -t SCI. 
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Tlio foUovfiog ai'o t!ip most important casca of aulistitution • — 

1. Of Chlorous an Amd UadiUcbius Riidrogen — Ohlorine and bromiuo may, m 
many matancea, be mtroiluced into hj drogen-eompoundb (chiefly organic) by direct sub- 
stilution, 1 atom of hydrogen being reinoTcd and entering into combination with 1 at 
chlorine or bromine, whdo another atom of the haloid element takes the place of the 
hydrogen romored. Thus, when chlorine acts npon marsh-gas (methylic hydride), the 
products are hydrochloric acid and methylic chloride 

Off + OT = HOI + CHSCI, 

and by the continued action of the chlonno, the latter compound may be converted, 
BuccoBsivcly, into CH.^CP and GHCl*, the last being the compound usually called chlo- 
roform. In Idee manner, acetic acid treated with chlonuo m aunslune, m dtfforent pio- 
portions, yields mono- and tri-ehloracelio acid • 

CH^O« + CP = HCl + C^ffClO". 

+ 30P ■= 3HC1 + C^HCPO^ 

Iodine does not acton hydrogon-compounds so easily as chlorine and bromine, but 
when it is presented in the form of chloride or bromide of iodine, an action takes place 
exactly similar to that just desciihed, an atom of hydrogen being removed by the chlo- 
rine or bromine, and its place supplied by an atom of iodine c g . — 

^ + on = HOI +^C»HTO«. 

In some oases an organic compound first unites directly with 2 at chlorine or 
bromine, and the product, when treated with alcoholic potash, splits up into hydro- 
chloric or hydrobromio acid (which is removed by the alkah), and a chloro- or bromo- 
substitution-product thus ethylene Ukes up 2 at chlorine, forming the compound, 
C'H'OP (Dutch liquid), which is resolved by aleoliolic potash into HCl and monochlor- 
ethylene, 0“H®CI This m like manner takes up 2 at Cl, forming C’H’Ol*, resolvable 
into HOI and diohlorcthylone, G-H-’Cl', and by a repelitieu ot tliebo processes, the 
compounds C^HCP and C®OD are obtained (ii S73) The eli)aro- and bromo-naphtha- 
lenes are prepared fiom naphtlndime by similar series of processes (iv 10). 

Oxygen may bo substituted for hydrogen (0" for H- or HO for H), by exposing 
organic compounds to the action of oxidibing agents, a fanuliar example of which is the 
conversion of alcohol, C'H“0, into acetic .icid, 

Niiro-subUitution, or the substitution of nitryl, NO®, for bydiugen, is effected by 
aubjeetmg organic compounds to Iho action of fuming uitvio acid, or of a mixturo of 
strong nitric and sulphimo acids, as m the conversion of cellulose into pyroxylin 

Albod to this IS the substitution of nitrogen for hydrogen (N for H'), by the 
action of nitrous acid on certain organic compounds, as m the formation of tlio diazo- 
oompounda discovered by Griess (iv 292, 4G0) • thus aniline, C“H'N, is oouverted by 
the action of nitrous acid into diai’obeuiiene, C*E®N® 

CH'N + NHO® - C«H®N® + 2H®0. 

2 Of Eydrogm iind other Busgloua Badzdes for Chlorous Ttadidcs — ^This reaction, 
sometimes calledinversoaubstitution,i3 effected by the action of rcdiiciug .'vgen ts 
Chlorinated acids are easily reduced to the primary acids from which they uro derived 
by the action of sodium-amalgam ; tho first transformation of the kind that was efloeted 
was that of trichloracetic into acetic acid The conversion of iiitro-eompounds into 
amidogeu-compounds (substitution of NH® for NO®), by the action of sulphydric aeid 
or ferrous acetate, also comes imdor this head. The well-known preparation of 
amidobcnzono (anihno), CH^NH®), fiom nitrobenzene, C“H\NO®), may he taken as 

An important class of reactions belonging to this head is tho substitution of alcohol- 
radicles for chlorine, oxygen, &c. by the action of tlie ziuc-compouuds of the alcohol- 
radicles . e. g., the preparation of triethylphosphine, P(C®H®)“, by the action of zme- 
ethyl on trichloride of phosphorus ■ 

3Zn"(C®n')® +. 2PC1> = 3ZnCl® + 2P(C!®H“)« 

Another example of this kind of action is the formation of diothoxalie acid and its 
homologues, by the action of ziiie-cihyl, fee on the oxalic others (iv 272). 

3 Of Basglous or of Okloious Eadides, one for the other . — ^To this head belong Iho 
innumerable instances of the mutual decomposition of s.ilts, and of double decomposi- 
tion lu general (Chemioai, Affinity, i 8oo) , also, on the one hand, the procipitatiuu 
of metals from their solutions, ono by the other (as of copper by iron, lead by zme, &c ), 
the decomposition of acids by metals, with evolution of mdrogen, and, on tho otlier, 
the decomposition of bromides and iodides by chlorine, and of iodides by bromine — the 
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conveiision of bulphides uito oxidos by direct oxidiitiou, iSre Many of these reac- 
tions appear to consist in n simple substitution of one element for another, which is 
eliminated witliont entering into any new combiiiatinii. But, on closer examination, 
they are found to bo, at least in some eases, analogous to the chlorme-substitutious 
already considered In tlie oxidation of sulphides, for example, a considerable por- 
tion, if not all, of the sulphur elniiinated is oxidised to sulphurous auliydi'ide , in tlio 
decomposition of bromides and looidcs by ebloriiio, tlin latter, if in excess, unites -mth 
tlio eliminated bromine or iodine, ,iiid even lu tho prccipii iition of ono metiil by 
another, alloys aro frequently formed, us in tho precipitation of silvor by mercury 
An important class of reactions belonging to this place is the snbstitiiiion of alcohol- 
radicles for hydrogen and melals, us in the sover.il processes of etherification by the 
action of acids on alcohols, of alcoholic chlorides, iodides, &c , on alcohols, and on the 
silver-salts of acids (see Ethi-us, u 61 1, 612) The fuimation of iiniinea, or, in other 
words, the replacement of the hydrogen m ammonia by alcobol-radielus, may be 
efiectod directly, as when an alcoholic iodide is he.-ited with ammonia in sealed tubes 
(n 661, in. 994) ; or by indirect methods, as by distiUiiig cyanic or cyaniirio ethers 
with caustic albili 

Most of the methods of producing organo-metallic bodies, consist in acting on alloys 
of potassium or sodium with the alcoholic iodides, bromides, &a e.g — 

2^(CH'>)I + Nd=Hg" = (CH»)*Hg'' -t 2M , 

loriicie. motlUi^c 

or by acting on a metallic chloride with tho zmc-coiiipoiind of an alcohol-radicle .eg . — 
Zn'\0*H»;» + Hg"Cl» = Hg"(C'E»)^ + Zn^CP. 

Subslitiition-derivatives often exhibit a marked resemblance to their primitives in 
physical and chemical characters That this should be the case in bodies formed from 
one another by the interchange of similar elements or radicles — such as hydrogen and 
tho metals on the one hand, or chlorine, bromine, and iodine on tbe other — is nothing 
more than might have boon antieipiitcd on any view of the constitution of chemical 
compounds ; but that a radicle of decidedly acid or chlorous character, like chlorine, 
bromine, or iodine, should ha capable of replacing hydrogen, atom, tor atom, and dis- 
charging functions siinil.ir to that of tho lijch-ogon in the prnuai'y compound, is the 
doctrine of a comparatively recent date, and is, in fact, duinietiioully opposed to the 
older views of tho constitution of eom|iuiiiids, founded on tho olectiical relations of 
their elements. The resemblance of such derivatives to their primitiies is, lion over, 
stnhngly exhibited in numerous instances Taka, tor examplo, aootic and triclilor- 
acetic acid. These two acids are both crystallisable, deliquescent, soluble ni watoi and 
alcohol, have the same capacity for saturation, yield analogous sails and elhors, &o. 
Dilute trichloracetic acid treated with aiimlgam of sodium, is rcconveitod into normal 
acetic acid ; and the two acids, when heated with caiistie alkali, are decomposed ac- 
cording to similat aquations, yielding the two analogous bodies, marsh-gas and chloro- 
form, thus : 

Acetic acid . . C'H'O'' = CO- + CH^ Marsh-g.is 

Trichloracetic acid C^HG1»0= = 00= -i- OHCB Chloroform. 

Similar resemblances may be traced between isatm and its derivatives (lu 40fl) Thus 
isatin and ohlonsatiu are both of an orange-red colour, aio isomorphous, partly 
volatile, slightly soluble in water, more soluble in alcohol and ether , form yellow solu- 
tions ; and react with hydrate of potassium, by exeluiiiging ,iii atom of hydiogeii for one 
of potassium, to form analogous salts, each of winch speedily absorbs .in atom of water 
into Its constitution, to form tbs isiitiuate and chloris.itmnte of potussiuin respectively 
Moneoi'cr the two bodies, when acted upon by sulphydi.-ito of amniouiiiiii, ammonia, and 
alkaline bisulphites, yield hosts of analogous compounds, and undergo hosts of analogous 
reactions Isatin, ehlorisatin, and diolitoris.itm treated with h>diiite of potaBsiiiin, 
yield lespectively tho bodies, aniline, C*II’N, cliloriinilmo, C“H"CLN, dichlnraniline, 
C“II=C1=1I, each of which, despite tho cousliluent chlorine, has alk.alino cli.iracters 
analogous to those of ammonia, and can unite directly with acids to foim salts 

The chlorinated derivatives of the natural alkaloids also resemble the piinmiy alka- 
loidsiii many important respects Thuadichloroeiiielioiiine, G="H==GI“N=0, formed 
from cinchonine by the direct action of chlorine, resi'inhles the normal base, not only in 
iilkalinity, solubility, crystalline form, &c , but likewise in tinning the plane of polari- 
sation of o luminous ray to the left. Cbloi'ostrj chniue also, C='H=‘C1H=0=, 
obtained from strychiiiiie or its Salta by direct aiibstitntion of chlorine, produces poiso- 
nous effects, undistmguisliahle irom those of the natural alkaloid 

From tbe observation of such reserabbiiices, Diinins iind Laiiroiit were led to conclude 
that elements, even of opposite chcinical character, may in many instances replace one 
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anotlier, iintli but little alteration in the character of the products, and tliat the proper- 
ties of a eoiiipoiind are determined by the ammgoineut and relative position of its 
atoms Tiioro than by their indmdiial diaracter That this is the ease to a considerable 
extent, is evident from the instances just cited, navortholoss, the question is altogetlier 
one of degree. Substitution is always attended with soiuo alteration of properties in 
the compound, and the alteration goes on increasing with the amount of tho siibstitii- 
tmii. Thus in vobitile eomponiids, such as' ethylene, C“H*, and its chlorinated deriva- 
tives, G'HOl®, C^H’OP, C“HC1”, and C"C1‘, the vapour-density increases, and the boiling- 
point rises with each sucoessivo replacement ot H by Cl Again, m the elilornndiues 
(iv 433), the first substitution-product, C“H“C1N, is somowhat less basic than aniline 
Itself, wliile d ichloramline, is still less basic, uud in trichloranihue, G“H'Gro, 

the basic character has altogether disappeared 

The substituliion of alcohol-radicles, such as ethyl and methyl, for the hydrogen of 
ammonia, gives rise to aniinea, which aro basic like ammonia itsolf , but in the amides 
derived from ammonia by substitution of acid-radides (benzoyl, acetyl, &c ) for 
hydrogen, the basic character gives place for the most part to an acid character, the 
amide, if it still retains replaceahlo hydrogen, exhibiting a tendency to exchange it 
for a metab (For the further consideration of this subject, see Ttpes ) 

SUCCIWAMIC ACID, STTCCZirABItDEl, SircCINAiril., SUCOIBrA- 
19'II.XO ACIS, StiCClWAMIlilDB. See SucGiMC Acid, AinuES or. 

SfTCGIIirASPHAZiT. A roBiuons Bub.stanee rowmbliiig amber, and apparently 
related to retmite, obtained from the granular clay u-on-ore of Bergen lu Bavaria, 
(Wagiior, ZZijMiftc d Chem ,rm 414) 

SXTCCIIcrEUPXOITE. A name applied by Eisner to a vei^ light oil, obtained by 
rectifying oil of amber with sulphuric acid 

SUCCINIC ACII>. C'H'O* = roltiUk Salt of Amber. Bern- 

stnnsaure (Berzelius, Ann (3him xetv 187— Eecanii and Serbat, J. Pharm. 
viii fill, IX, 89 — Liebig and Wohler, Pugg Ann xnii. 163 — D’Aroet, ibid. 
xxxvi, 80.— Bopping, Ann Oh Pliarm xlni. 263,— Fehlin g, tbul. xlix. 164 — 
Pina, tfiiif. Ixviii 843 — Dessaignes, tbtd. Ixx. 103. — Pas tour, titif. ov 264 — 
Maxwell Simpson, ibul. cxviu 373. — Gm, x 108 — Gorh, ii 454 — ^Kokule,* 
Lchbn.n) 

This acid, tho tliird of the series of dibasic acids, homologous with oxalic 

acid, was mentioned ns volatile salt of amber by Agricoln, as early as 1057 , its acid 
nature was recognised by Barchhusen, Bouldiic, and Boorhaave , but the first exact 
investigations of it were made by Beizelius and by D’Arcet 

Succinic acid occurs ready-formed m amber, and lu certain lignites, as in those of 
Muskan, Nanmberg, and Alteiihurg It has ,ilso heenfoundin the turpeutiiie of several 
species of pine, and m certain plants — ^viz, m the herb of Lactuca viioaa, Attemma 
Absinthium, &,o. According to Wale (N. Jahrb, f Pharm. xv 22), the clielidouimo 
acid found by Zwenger in the mother-liquor of the preparation of ehclidomo acid from 
0/uhdoiimm megua (i 850), is nothing hut sueeime acid. It is also oceastoually found 
in tho animal oiganism — o g , in the thymoid gland of tho calf, the spleen of the ox, 
(Gorup-Boaanez), and in certain pathological exiid.itions (Hemte) According to 
G Meissner and F. Jolly (Jahresh 1865, p 675), it occurs in the unne of dogs fed 
on fiesh and fat, and in that of r.abbits fed on carrots 
Formation. — 1 Succinic acid is a frequent product of the oxidation of organic siib- 
et.aiicos, especially of fats All the fatty acids of the senes, C“H'"'0’, from hutync 
acid upwards, when oxidised tvith nitric acid, yield succimc acid, together with other 
acids of the same series (p 449). Its formation from butyric qpid is represented by 
tho equation : 

C*H“0^ + 0« = H«0 + C'H”0<. 

According to Pasteur (Bull. Soc Chim. 1863, p 63), it is always formed during tho 
conversion of alcoliol into noetic .icid imdor the influence of Miicoderma aceti, eepeoially 
when the pl.mt grows on the surface of tho alcoholic liquid coutaimng phosphates. 

3. By tho action of reducing agents on maleic acid or its isomer, fruuaiuo acid, which 
eont.iins 2 at. hydrogen less, or on malic and tartaric acids, which contain respectively 
1 and 2 at oxygen more than sncciuio acid ' 

o. By the action of sodium-amalgam on maleic or frimano acid 
Cm'0< + Na-Hg = Hg -t C"HWO‘ 

MaWo Sucilnnta 

Cliloi’oinaleic acid, C'H’ClO* (in. 788), is also converted into succinic acid by the action 
of sodiiiin-anialgain : 
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$ From malic or tartaric acid by tlio action of hydiiodic acid (E Scbmitt, Ann. 
Oh Pharm. exiv. 106), or of lodido of phosphorus (Dessaignos, liid cxr. 120 cxvn. 
134); 

C*H«0= + 2HI = H'O + F + CtH“Oh 
C<H“0* + 4HI » 2H’0 + 2F + C<n“0< 

Tnrtnrlc Succinic 

Held. ucid 

3. In many processes of fermentafion, e y , of aspnragiu (Pina), malic, maleic, 
fmiiaric, mid acoiiitic acids (Dessaignos), and of sugiir, whence it is constantly 
present, to a smaU amount, in wine and beer (Pasteur). Its foimiitiou from malic, 
maleic, or fiimaric aeid is probably a simple process of reduction Its formation from 
aspuragm may bo ropresented by the equation 

C'HWO” + 3H=0 - 0^ = 2NrP + 


4. By heating cyanide of ethylene to 100° with alcohobo potash (Maxwell 
Simpson, Ann Ch. Pharm cxvui. 373) 

C'‘H‘(0N)’ + 2KHO + 2H*0 = 2NH» + C‘H*K’0<, 

Tins reaction is precisely analogous to that hy which the monobasic acids of the senes, 
are formed from the cyanides of monatomic alcohols (u. 202). Cyanide of 
ethylene is also converted mto succinic acid by heating with nitric or hydrochloric acid. 
(Simpson, ibid. 153 ) 

Pnpaiation 1. From Amber . — This substance, subjected to dry distillation, yields 
Bueeinio acid and a volatile oil, together with water and a small quantity of a resmous 
MibstancH e i led Colopkoniimi sitccint On heating the watery distillate to the boiling- 
point, and filtering hot, a large quantity of oil remains behind , and the solution, on 
couhiig, yields crystallised succinic iicid, contaminated however with a considerable 
qua " . ’ ' which it miij be freed for the most part, but not per- 
il ct I i Comploto punficution is, however, easily effected 

by with nitric acid, 

2 By fermentation of Malic Acid — This is the most advantageous mode of preparing 
Buecimo acid, the crude malate of c.alcium, obtained by neutralising the juice of moun- 
tain-aah hemes with chalk or slaked lime, being generally used for the purpose A 
nuxturo of 1 pt of this salt with 6 pts. water and j pt yeast, or 3 pts water and 
^ pt. decayed cheese, is placed lu an earthen jar, and left for four to six days at a 
temperature of 3U° to 40°, fill the evolution of gas has ceased, The granular precipi- 
tate IS then coUeeted upon linen, washed several times with water, and mixed with 
dilute snlphurio acid till it no ‘longer effervesces (from admixed calcic oarb onate) ; 
another equal quantity of sulphuric acid is then added , tjie mixture boiled for awhdo, 
till the calcium-salt is no longer gramihir, the liquid strained through linen , the pre- 
cipitate on the filter thoroughly washed , the whole of the liquid evaporated till a 
ciystalline crust forms on the surface , oil ot vitriol then added m small quantities, as 
loiig as gj psiim is thereby precipitated , the liquid strained off (after dilution with 
water, if the gypsum fornis a paste), the precipitate washed , and the whole of the 
liquid again ovaporatod . it then yields, on cooling, brownish crystals of succimo acid, 
still contaminated with gypsum Those crystals are purified hy recrystullisation 
from water, sometimes with addition of amm.il charcoal, and ultimately freed from 
gypsum hy solution in alcohol or by sublimation By this process, 12 pts of oaleio 
raiiLito yield from 3 76 to 4 pts of pure crystallised suecmic aeid the mother-liquors 
do not retain a trace of malic acid. Three poiuids of calcic malate thus treated yield 
about Olio pound of pwre succinie acid (Liobig ) 

Tho furmatiun of snceiiiic acid in this process is accompanied by that of acetic acid 
and carbonic anhytUide . honeo the reaction is commonly represented by tho equation • 
SCH-O* = 2G*H'>0< + C-ffO^ 4- 2CO“ 4 H=0. 

M.lic Succimc Acetic 

aud. acid. acid 

Prob.ibly two reactions go on simultaneously, one part of tho mabo aeid being con- 
verted by fermentation into acetic acid, and this feiiiieutiition causing the reduction of 
another portion into succmio acid (Kekul6) See Maxath op CALOitnii (lii 702) 
Piopertws — Succinic acid crystallises in prisms belonging to the monoclmic system, 
generally in rhombic or hoxagoiinl plates, the face (»P<» replacing the acute Mge of 
the i oi'tical piisiii coP The crystals are permanent in tho air, hiivo an acid taste, but 
no smell Succinic aeid is much more soluble m hot llinii in cold water — viz., in 6 pts. 
w.itor at 16°, and 2 1 pts at 100° (Lecanii and Sorbat) It is less soluble in tileo- 
hul, and nearly insoluble in tthci It niells at 180°, but begins to emit suffocating 
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vapours even below its melting-pomt. It boils at 236° beuig resolved into water and 
Bueciiuc anbydride. 

DetumpositKins . — 1 Sueomie acid offers great resistance to the action of omdisiug 
ngeuts, jiot being affected by nitno acid, chromic acid, chlormo-wnter, or a mixture of 
Jijdioehlonc acid and potassic ehloratu Wlicn evaporated to dryness witli numyanio 
peroxide aud sulph^lnc and, it yiolAt acetic acid (Tromrasdorff) — 2 ilii aqueous 
soluljoii of sodic siiccinato is decomposed by the ilectne ov-nent, giving off at the 
jiositive pole a mixture of carbonic anhydride and nietbylie oxide (Kolbe, Ann, Cli. 
Pharm. cxiu. 244) 

C‘H«Q* + ffO = (Cff)'=0 + 2GO“ + H’. 

3 When fused with potaisie 'hydrate, it yields cnibonate and oxalate, together with a 
gaseous hydrocarbon (Liebig and Wohler) — 4. It is not attacked by strong sul- 
phuric acid (H-'SO*) even whan heated, but ^ulphurte anhydride coiivoits it into snecino- 
siilpliiirio acid — 6 Heated with bromine, it forms substitution-products. — C By 
dehydi atiny substances, such asphosphoi to anhydride and phosphm to pciitachloi ide, it is 
converted into succinic anhydride; in the latter ease with formation of hydiochloric 
acid and phosphoric oxychloride. 

Succinates, Succinic acid is dibasic, the gencrid formula of its salts being ns 
follows 

Neutral Sueoiaates C'HWO* and 

Acid „ C'ffMO* and C»H'»M''0''. 

= C®M:"0',C*H“0* 

ThiTO are also a few double smccinates, several basic lead-salts, and a bypernoid potas- 
Biiim-salt 

Most succinates resist a temjier.itiiro of 200° wilhont decomposition Wlion distilled 
with acid phosphate or sulphate of sodium, they yield a subLinato of succinic auhy'- 

Tlie succinates of the ulkali-metids and of magnesium are easily soluble in water , 
those of the alkaline enrth-nietals, .and most other diatomic niotals, are sparingly 
soluble , those of sesqui-atoniie metals are insoluble 

Succinic acid and soluble suoomatos form, with feme satis, a red-broivn preeipibite 
resembling that formed by benzoic acid, but much more compact, hence succinate of 
ainmomum is a more oouvonient reagent for the precipitation of ferric salts than the 
benzoate. With acetate of lead, succinic acid forms a precipitate of suecinate of lead, 
soluble in excess of cither reagent. With chloi ide of banum, the acid by itself gives 
no precipitate ; but on addition of ammonia and alcohol, a white precipitate is formed 
benzoic acid does not exhibit this reaction Succinic acid is fuither distinguished 
fioiu benzoic acid by not being precipitated from its soluble salts by a mineral 
acid. 

Succinate of Ammonium — The neutral salt, C'H*(NH*)’0', is obtained by 
supersaturating siieoinio acid with ammonia, and leaving the solution to ovapointoover 
quicklime , it is also formed, according to Piria, in the putrefaction of asparagin. It 
ciystallises in hexagonal prisms, very soluble in water and in alcohol. Gives off 
ammonia when exposed to the air, and is resolved by heat into ammonia, water, and 
Biiccinaiiiicle. Specific gMvily = 1‘367 (Bodoker, Jubresb, 1860, p. 17) — ^The acid 
salt, G'H*(NH'')0', is produced when the solution of the preceding salt is evaporated 
by heat It crystallises easily, is very soluble in water aud alcohol, has an acid re- 
act, imi, and is decomposed by beat, bko the neutral salt. The crystals are triehnie, 
usually exhibiting the combination oP iP.oo ,P’ao . coPco . ooPco . ojP,'. Angle 
oP ooPoo = 91° 83' ; oP • «.$« =_93° 25'; oP co F = 91° 45' oP • T,qo = 
161° 67', oP ,P'ai = 161° 7'; osP® «{> = 100° 16', oaPoi • 'P.co = 

119° 63', ooPco Fm =117°; oofoo t»F, = 136° 40'. (Brooke, Ann. Phd 
xxii, 286 ) 

Succinate of ‘Barium, C''H'Ba"0'' (at 200°)— White o-ystalline precipitate, 
slightly soluble in water, moderately soluble in dilute nitric, hydrochloric, and acetic 
acid, insoluble in ammonia and in alcohol. With clilondo of acetyl it yields a mix- 
ture of acctie and succinic anhydrides (Heintz, Jabresb 1869, p 279.) 

Succinate of Cadmium crystallises in concentric groups of prisms, very soluble 
in water. According to John, it appears to be resolved by alcohol into two other 
salts. 

Suocinates of Calcium.—lha neutral salt is gradually deposited, on mixing cold 
concentr.ited solutions of calcic ehloiide and sodic succinate, m small needles, contain- 
ing C*H'Ca"0‘ 3H’0. If the solutions are mixed hot, a crystalline precipitate is 
immcdutely foimed, composed of C'Il*Ga"0'.lPO Both precipitates are sparingly 
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soluble in water .mil acetic Iicid. insoluble m alcohol When heated, it gives off .1 lulntilo 
oil, called sn ccinone, still containiiifroxjgen, but having a composition not yet asccr- 
tonied with certainty (D’Arect) — Tlic aetd suit, C"ii'"Ca"0“, or C'H^Oa''ObC'H“0^ 
obtained by treating the iicntiiil oaltuilh excess of acid, is likemae erystallieablc, and 
slightly soluble m water Alcohol rouders the crystals op.iquo, and couverts them into 
the iiBiitral salt. They are .vlso docoinposod by heating to 150°. 

Ohromous Succinate, C*II*Cr"0 ' H-0, is a scarlet precipitate, formed on adding 
bucemato of sodium to ohromous chloride. — Chromic succinate is not known 

Siipoinute of Cohait — Poach blos.soiii-colourcd, slightly solnble precipitiitf’ 
According to Haudl (Wieii. Akad Bur. iixiu 254), it forms mouoclmio prism, vUc 
erj stale ooP ooPii [coPoo] oP. Angle wP ooP (chuod ) = 113°3G', 
ooP» . coP» (chuod.) = 136° 38', oP • ooP = 116°, nearly. 

Suecinate of Copper, C''H'Cu''0* (at 200°), is obtained on adding recently preci- 
pitated oupne carbonate to a boiling aqueous solution of succinic acid, as a bliusli -green 
crystallme powder, slightly soluble lu water and succinic acid, less soluble in acohe 
acid, insoluble in alcohol and ether. 

Siioctiiates of Iron — a. Feme salts. Alkaline succinates form with feme salts a 
rod-brown or cinnaTnon-colourcd prociyitato, consisting of a basic ferric succinate The 
addition of eodic acetate before precipitation renders the precipitate more compact It 
dissolves in acetic, succinic, and mineral acids. ^ Amiuonia appears to convert it into a 
still more basic salt — S. Ferioiis succinate is a greyish-greon precipitate, which 
oxidises in the air, is slightly soluble in n.iter, easily soluble in succinic acid, paitially 
soluble also in aninioiua and .nmmomacal salts 

Snecinates o/icad— The neutnil salt, 0''fl'‘Pb"0* (at 100°), is obtainod by pin- 
cipitating neutral acetate of lead with neutral sodio siiccinalo, or a hot solution of 
siicoiiiic acid with hasib acetate of lead. It le a white powder, which becomes 
ciyst.illino if precipitated from hot solutions It is slightly soluble ui w.iter, easily 
solnble in dilute nitric acid and ui potash Specific gravity = 3 800 (Bo dole or). — 
A hasK salt, 2C*H'Pb"0‘ Pb'’0, i9 obtained on mixing succinate of eochuin with basic 
acetate of lead, as a glutinous precipituto, which sticks to Ibo sides of the vessel wliilo 
n .inn, and becomes brittle on cooling Anotnor basic salt, C*H^Pb"0' 2Pb"0 (at 200°), 
IB produced by treating the neutral salt with excess of ammonia. It is a white powder, 
insoluble m water, easily soluble m potash, imd lu dilute nitric acid 

Succinates of Mapnesiuni —The neutral salt, C'H'Mg''0* OffO, forms pris- 
matic crystals, which give off nU their water at 130° It is very soluble in water, 
lUBolnble in alcohol The aqueous solution appears to yield, by concentration, crystals 
containing a smaller propoition of water (Pohling). — A basic salt, SQ^E^Mg"0'. 
4Mg’'0 H'O (at 100°?), isohtained as awhite pulverulent precipitate, on adding ammonia 
to a solution of the neutnd suit — Jl/apiicsio-poinssic succiuate, CI*H*Mg"IC*Os 6H'0, 
crystiilhses in fine" double six-sided pyramids, very soluble m water, permanent in the 
air, and neutral to test-paper 

Succinate of Manffanese, 0*II‘Mn"O'.4II'O — ^Ehomboidnl prisms or quadran- 
gular fables (triclmic, according to Handl), transparent, ametbyst-colourod, neutral, 
permanent in the air, giving off their water at 100° 

Sacoinates of Mercury. — « Meieune salts Mercuric neotato gives awhite 
precipitate with sodic suecin.ite A muttuio of sudic sucein.ite and mercuric chlorido 
yields, by evaporation, slender needles, apparently consisting of a double salt. 
Kcccufly precipitated mereune oxide, boiled with aqueous succinic acid, is partly con- 
veiled into n white powder, which appears to ho a hasic succinate — 6 Mivctirous salt 
Aik, lime succinates foiM, with mercuious nitrate, a white precipitate of mercurous 
siiccmato, mixed intli mercurous nitrate 

Succinate of Nickel, C‘H*Ni"0' 4H®0 — The solution of niokol-hydrato lu hot 
aqiicoua succinic acid deposits this salt, by evaporation ovor oil of vitriol, in green 
nodules, soluble in water, acetic acid, and ammonia, msoluble m alcohol. It gives off 
Its water at 130° 

Succinates of Totassium — The neutral suff, C‘HTI’0’ 2H^O forms confused 
deliquescent crysUls, soluble in alcohol, lusoluhlc in other, giving off their water at 
100° — The anff, C*H'’KO' 2H*0, ciystalhses readily 111 tiansparont regular stx- 

siJod prisms, which effloresce slightly in contact with the air It is very soluble m 
water, roddons litmus, gives off its water of crystallisation at 100°. — A. hypo acid salt, 
2(C^H‘KO' C'n''0*).3H-0 (?), obtained by noutralisiiig a hot solution of I pt auccime 
acid with enrbonato of potassium, and then adding 3 pts more suceimc acid, eiystal- 
lises on cooling, eoinetimes without w.itcr, sometimes with 9 Co per cent, water of 
crystallibution (Fehliiig) 

Succinates of Silvci —Ai</ciittc suit, Sucemate of sodium precipf 
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tates nitiatB, but not svilphate of silver The precipitate is white, non-crystalline, of 
specific gravity 3 dl8 (Bodeker), very slightly soluble in water, and in acetic acid, 
very soluble in dilute mtnc acid, and in ammonia It becomes coloured at lfiO°. 
Chlorine decomposes it immediately When heated to 100° in a current of hydrogen, 
it assuraos a lemon-yellow eolonr, and yields n sublimate of snceiuie acid The residue 
consists of argmious succinate. 

Succinates of Sodium. — The neutral salt, C^H'Na’O* GH-0, crystuUises in prisms 
with rhorabio base, voi-y soluble in water and in alcohol, neutral to test-paper, giiing 
off their water at 100° — The aoul salt, C'H^B’iiO' 3H'0, usually crystuUises in 
flattened prisms, having an acid reaction, slightly efflorescent, and giving off all their 
water at 100°. They belong to the triclimc system, generally exhibiting the combi- 
niitiou. oP ® P . ool*, . oo^co .mfoo. Angle oP co^i' «= 128°; oP • = 

180° 55', oP. oif'M = 140° 60, <»,P. <»?« = 117° 6’, m.f're = 115° 8'; 
oajco m^n = 108° 7' More rarely small, confused, nou-effloreseent ciyslals are 
obtained, containing only 2 at water. When redissolvod in water, they yield the salt 
with 3 at. water. 

It has not been found possible to prepare double Bucoinates of sodium and ammo- 
nium, or of sodium and potassium 

Succinate of Strontium, C^SWO* (at 200°) — Precipitated as a white powder, 
slightly soluble lu water, whence it is deposited in the aystallme state on evapora- 
tion According to Handl (Wien. Akad. Ber. xxxii 264), it crystalhses in mono- 
olinio prisms, wP . ojPoi .[coPoo].oP. Angle ooP : ooP (elinod ) ■= 30° 12'; 
oP . ooPco = 168° (nearly) The crystals ure always twins, with ooPoo as combina- 
tion face The salt dissolves ui acetic and in succinic acid, the latter solution yielding 
It in the crystalline state when ovapor.iled 

Succinates of V r anium.—Toc neutral salt, C‘H*(U°00"O' H°0, is obtained in 
the crystaUine state by evaporating to dryness a solution of 4 pts crystallised uranic 
nitrate and 1 pt, suooimo acid, and washing the residue with a smoU quantity of 
water , also by mixing a solution of uranic nitrate with acid auecinata of sodium, and 
evaporating It is a light-yellow salt, very slightly soluble in water, insoluble in 
alcohol, not giving off its water till heated to between 230° and 240°. Boiling water 
extracts suocinio acid from it. — Potaesio-uramc succumte, C'°H‘°(U°6°)°K®0'’.H°0, is 
olitaiued by evaporating a solution of uiMiuc nitrate mixed with excess of neutral 
potiissio succinate it is then deposited us a light-yellow precipiute, which maybe 
piu'ified by Wiislung with alcohol It may also bo prepared by precipitatmg uriinie 
nitrate with caustic potash, and digesting the washed precipitate with excess of suo- 
eime acid, till it ooutmota and assumes a light-yellow colour, then ovapor.itmg to 
dryness, and washing noth hot alcohol It is msoluhlo in water, but is decomposed 
by continued washing into succinate of potassium, and insoluble basic uranic suc- 
cinate, It gives off its water at 220° -Sodio-uranw succinate, C'*H"'(.U°t)°)°Na°0'°, 
H-’O, is obtained like the potassuim-sslt. 

Succinate of Yttrium, 2C'H^Y"0' 3H’0, is precipitated by succinate of am- 
monium from acetate of yttrium at the boiling heat (not in the cold), as a lammo- 
crystallme powder, sparingly soluble in hot and in cold water, insoluble in sal- 
ammoniac, easily soluble in dilute acids, gives off its water at 100° (Popp, Ann. 
Ch, Pham, exxxi, 170 ) 

Succinate of Zinc, 0^IPZn"0’(at 200°) — White, anhydrous, crystalline powder, 
very slightly soluble in water and in succinic acid , easily soluble m mineral acids, 
acetic acid, ainmoni.i, and potash , msoluhlo in alcohol Succinate of sodium does not 
precipit.ate chloride of ziiio 

Succinates of Oucanio Bases — And Succinate of Cmclwmme, C®H‘WO.O*H”0*, 
oiystalhses in long oblique-angled needles, containing g at. water, or in largo thick 
crystals containing 1 at water. Both are easily soluble in water, and melt at 110° 
(Hesse, Ann Ch. Pharm. cxxii. 226 — Succinate of Cmchonuline, 2C®'H°'N°O.O^II*0^ 
6H°0, crystallises lu long asbestiform prisms, which dissolve in 252 pts water at 10°, 
file anliydious salt crystallises in white nodules (Hesse, ilrtd cxxxv 342). — Succinate 
of Quinine, 2C™H''N'0* 0'H"0*H-0, crystallises from alcohol or from water in long 
white prisms, soluble in 910 pts water at 10°, easily soluble in hot water and in 
aleohol (Hesse, liid. cxxxv 331) 

Succinate of Urea, 2CH''lll'O.C''H“0', crystallises in monoclinie six-sided prisms, 
coPoo .oP. *.P . coP2 +P«> +P2 Haho of axes, a b c = 1 : 1 483 1 3646, 

Angle of axes h, c = 83° 28' , coPoo oP = 96° 32' ®P »P (elmod.) = 68° 20'; 
ixPto ; +Pco = 120° 4 , The crjstals have a iitrcous lustre, are unsynunetrical at 
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the two ends, and generally haTe tut imperfectly developed faces ; they cleave im- 
perfectly parallel to +P2. [J Lrsohmidt, Wien. Aiad. Ber. lii. (2 Ahth.), 238] 

Derivatives of Sacmm And. 

No chlorinated suhstitution-products have hitherto teen obtained from succinic acid. 
By the action of chlorine on citnc acid, however, Plantnniour obtained an oily body 
(perhaps C‘‘C1''0^ CP.), winch when treated with alcoholic potash yielded a potassium- 
Biilt having the composition of potassictetrachlorobuccinate, C'CPK’O^, it is not, how- 
ever, known whether the acid of this salt is really a derivative of succinic acid (Rte 
CiTnio Acm, i 998.) 

Sromosuooinio Aolds. — ^Two of these acids arc known, viz. mono- and di-bromo- 
succinic acid, both of which maybe produced by the direct action of bromine on siiccmic 
acid. 

MoHOBnoMosnooiNio Aoin, C’H'BrO* = |o“. (KekulA, Ann. 

Ch Pharm cxvii 126.) — The conditions under which this acid is fonned are not 
exactly known "When suceimo acid is heated with hroniine and water in a sealed 
tube, dibromosneciuio acid is generally produced, even when the bromine and siiecinie 
acid are mixed in the proportions required to form the monohrominated acid. The 
formation of the latter appears, however, to ho promoted hy the presence of a quantity 
of wator, larger than that which is most favourable to the prodiiobon of dibromo- 
snccinioacid Oarins (Ann. Ch Pharm cxxix 6) prepares the monohrominated 
noid hy slowly heating 6 grms succmic acid with 2^ c e. bromine and 40 c o. water, 
to 120° in sealed tubes, aud obtains it pure by one recrystalhsation. Even when quite 
pure succinic acid is used, a small quantity of a heavy bromiuated oil is hkewiso pro- 
duced, having the composition C^H“Br’. 

Moiiohromosnccinio acid is very soluble in water, and crystalUses in small nodular 
aggregates. After neutralisation, it throws down from a solution of silver-nitrate a 
white silver-salt, which quickly decomposes, with formation of silver-bromide. On 
adding silver-oxide to the aqueous solntion, bromide of silver is quickly formed, and 
the solution contains malic acid. 

According to these reactions, monobromosuccinic acid may be regarded, on the one 
hand, as a suhstitution-prodnct of succinic acid, on the other as the bromide of 
maho acid, forming, as it were, the stepping-stone from suceimo to malic acid : 

Succinic .icid Monobromosuccinic odd Mnllo acid. 

(ClH-OTjos (C®BrOTjo.o,(0-ff0TjBr 

These relatione are analogoue to thoee which exist between acetic acid, 
monoehloraeetic acid, GWCIO'-', and glyeolHe acid, 

Dibbomostjcoinio Aoin, C'HWO'' = (Kekul4,Ann. Ch, 

Pharm cxvii 123, Snppl. i. 131 — ^Perkin and Duppa, Chem Soo. On. ,7 xni. 
102 ) — Prepared 1. By heating 12 grme of euceinic acid, 11 o.c bromine, and 12 
grms. water, in sealed tubes, to about 180°, and crystallising the solid portion of the 
contents of the tube from hoihng water, with addition of animal charooEd * (K e k u U). 
— 2 By the action of water on chloride of dibromosuccinyl, CP (Perkin 

and Duppa). — 3. Prom fumario acid, C‘H'0', by direct addition of bromine. (Ke- 
kuU.) • 

Dibromosnccinic acid cmtalliaes in colourless, mostly opaque pnsma, sparingly 
soluble in cold, easily m boiling water, also in alcohol and ether, when heated with 
6/ omine and water, it is decomposed witli formation of hromofurm : 

G^H’Br'O’ + 2H»0 + SBf - CffBif + SCO’* + 6HBr. 

By sodium-amalgamit is reconverted into snccmio acid. 
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Dibromosuccinie acid is dibasic Its salts aie easily decomposed by boat, so that, in 
preparing them, it is necessary to guard against rise of temperature They are all 
(leoumposed by boiling with water, or with excess of base, yielding a metallic bromide, 
together with another product of decomposition, varying according to the nature of the 
base The hromino thus ivitlidrawn (1 or 2 at ) is either replaced by the water-residue, 
HO, or merely separates m combination with an equivalent quantity of hydrohromie 
noid, leaving a residue containing 1 at bromine and 1 at. hydrogen less. Of the 
decompositfons expressed by the following equations, the first tiiroe have actually been 
effected . 


C^H'Br^O^ + H^O = HBr + C'ffBrO* Monobromomalic acid. 

C^H^Br'O* ~ HBr + C^H"BrO* Monobromomaleic acid. 

C^H'Br'^O* -I- 2H“0 = 2HBr -I- C'H«0' Tartaric acid. . 

C'H^Br^O* = 2HBr + C‘II=0* (unknown). , 

QeueraUy, however, several of these reactions take place simidtaueously, so that the 
principal product formed according to one of these four equations, is accompanied by 
H secondary product formed according to another. Thus sodm dibromomccinate, boiled 
ill aqueous solutiun, is converted chiefly into acid sodic monohromomalnto. On 
boiling an aqueous solution of bam dih omostimnaU, acid banc monohromo- 
m ale ate is obtained ns the chief product of decomposition, together with a small 
quantity of tartrate — Wlien eahio dibrmiosmoinate is boiled with water, and lime- 
water is added till the liquid no longer turns acid after prolonged boiling, the ohief 
product is an insoluble ealoium-sult Laving the composition of the tartrate, — Lastly, 
at get! tic dihromosucdnate is easily decomposed by boiling with water, yielding (inactive) 
tartaric acid. 

Prom those reactions, and its mode of formation, dibromosiiccmic acid may be 
regarded either as a subbtitntion-produet of succinic acid, or as the bromide of mono- 
bromomalio aoid, or lastly ns a bromide of tartaric acid. It is related to succinic, 
nionohromomahc, and taitanc neids, in the same manner as dibromacetic aoid to noetic, 
monobromoglyooUic, and glyoxylie acids (KeknlA’s Lehrbuch, n. 33) . 


Dihromosuocimo 0^ 

(C*H»BrO=)"'(Br 
" E=iO^ 

(C^ffOT'fBr* 
■■ HMO" 


(C*H‘0^_ I Q, Succinic acid. 
(C<H’BrO=)"' ) Q5 Monobromo- 
H* ) ■ mtdio acid. 
(C'H=OT' I o<. Tartano acid. 


Neutral Nibromosuocinafe of Ammmimn, C*H”(NH-‘)%’0‘, crystallises by spon- 
taneous j[taporation in large transparent crystals — ^Tho neutral aodium-salt, 
C‘H*Na®Bai*.'lII'‘0, IS very soluble in water, and remains in small crystals on 
evaporation , from alcohol itcrystallisoB m shiiung lamina — ^The aad potassnum-sali 
IS white, orystallmo, and sparingly soluble — The cahium-salt, 0']I'‘Ca''Br’0^ obtained 
by double decomposition, separates gradually as a crystalline precipitate, — ^The silver- 
aalt, 0*ffAg®Br“0^ prepared in Tike manner, is a white powder, insoluble in 

Ethjlvs Nibromosuceinate, C'‘H’(C=H‘)“Br’0*, obtained by passmg hydroohlorio 
acid gas into an alcoholic solution of the amd and precipitating with water, is very 
slighUy soluble in water, easily soluble in alcohol and ether, and crystalhses in long 
white needles, which molt at 58°, and boil with partial decomposition between 140° 
and 160°. (KekuU ) 

Nib romo succinic Anhydride, (C'ffBr=0=)"0, is obtained by heating maleic 
anhydride, C'H'O®, with diy hromme to 100°, for half or three-quarters of an hour. 
Two atoms of bromine are then taken up, and a yellow liqtud is formed, which gra- 
dually solidifies to a crystaUme mass, to he freed fiom adhering hydrobromic acid by 
leaving it, when pulverised, over quicklime. Dibromosuccimc anhydridn, thus 
produced, crystallises from carbonic disulphide m colourless laminse. It melts at 100°, 
and IS resolved at 180° into hydrobromic acid and hromomaleie anhydride, 0*HBr0“. 
With cold water it forms at first a sohd mass, which dissolves in a larger quantity of 
water, and the sohihou yields, by spontaneous evaporation, a crystallised acid, formed 
from the anhydride by addition of water, and haying the composition, but not the 
properties, of dibromosuccinic acid, viz • 

Isoilibromosucoinio Acid, C’H'Br'O''. — This acid forms large, transparent, well- 
dei eloped crj’stals, mufh more soluble in water than dibromosuccinic acid It melts 
at 160°, and is resolved at 180°, or by boiling its aqueous solution, into hydrobromic 
acid and iBubiomomaleic acid, C'ffBrO', whereas ordinaiy dibromosiiccmic acid is 
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not decomposed ty boiling 'irith water, bnt when heated by stself is completely de- 
composed -without, previous fusion. On boiling the aqueous solution with baryta, 'barur 
uodtiyroniomicoindte is obtained, which forms warty crystals, and yields isodibromosuc- 
cinie and when decomposed by aulpluiric acid — ^The kilvei-salt resembles that ot 
ordinary dibromosuceimc and. (KekulA, Ann. Cli. Pharm Suppl, li 8S ) 

SUCCIWIC AmiUBS. Succinic and, bko other aci.ls of tho suiaes C-IP-'-Ki*, 
is capahlo of forming tour normal amides, derivable, but not idw.iys directly prodiieiblu, 
from tlio acid and neutral ammoiiium-salts, by abstraction of w.itor, viz • 

■)„ 

Sueeinotme acid, C*H’NO» = (CWO*)"|g = 0’n»{NH’)0' - HK). 

Succinimido, = (0^0')" > ^ C‘H\NH‘)0' - 3»0 

Sucomamide, C'HXNH'j^O* ~ 2H=0. 

(OySTESone)!c®N^= WV O'HWrO^ - 

The first three of these compounds contain hydrogen-atoms replaceable by metals 
or aloohol-radiclea. There is also a tnsuccinamide, formed by tho 

action of succuiio cHorido on aigentio suecmimide. 

S' 

Suoolnaasto Acid. C’lI’NO* » (C*H'O0 ''>q, (E. Tcuchert, Ann. Cb Pharm. 

cx2n7.13C;BuU Soo Chim 1868, i. 2S6 ) — The bariiim-salt of this acid, C‘'H'’Ba"N®0', 
IS obtained by lea-ving a slightly wuimed solution of Huecimraide and barm hydi'ato, in 
equivalent proportions, to evaporate in a vacuum over oil of vitriol, and repeatedlv 
orystellising the residuo from an aqueous solution mixed -with alcohol It forms 
concentne groups of needle-shaped crystals, easily soluble in water, insoluble in 
absolute alcohol and in ether, somewhat soluble in aqueous alcohol. Tlie nquooiis 
solution decomposes when kept, and more quickly on boiling, into ammonia iind 
sueomate of bawmn, which is qirecipitated. With potash, tho solution gives off ammonia 
even in the cold 

By carefully decomposing tlie barium-salt with somewhat less than the eqniviilent 
quantity of sulphuric acid, and evaporating the filtrate, impure euooiniiuno noid 
(containing baryta) IS obtained m rectangid,ir prisma, if the whole of the baryta be 
precipitated, nothing but succinate of imimoninm remains dissolved 

Sitccinamateof Cadmium, C*H'-=Cd''N-=0“ E'O, romain.son precipitating the solution of 
the barium-salt with sulphate of cadmium, and ovaporating the Jiltiu^fct is very 
soluble in water, insoluble in alcohol, and forms a radiated crystulhue luS^ or small 
•well-developed rhombic prisms— The ciipno salt, C"n'’0u"^f'^0“, prepared in like 
manner, forms dark-green, microscopic, rboitdiio lanmi,B, inauUillu m alcohol, 
slightly soluble in water, and decomposed by boiling with water, with scptmitifin of 
eupnc osido and enpric succinate. — The had-aiilt, C'‘H'-^Pb"N'‘0''‘, is olitumed by 
heating a solution of snccinimide with excess of lead-oxide, and adding uh oliol to the 
filtrate previously treated with carbonie iicid, in large, coiicentriailly gioupcd, easily 
soluble needles — Ihemagnemim-iolt, C“H"iIg"N'0‘' 3H*0, pn pared like the cadmium- 
salt, IS a radiated, nodular, crystalline mass, wliieli by soiiition- and spontaneous 
evaporation, yields well-developed crj’stals belonging to the trimetno systom. — The 
'nuinqauous salt, C"H’ Mn"N^O“ 8H.®0, lemaiusonevapoiationaaarose-coloiuod syrup, 
which griidmiUy solidifies to a warty or ladiate evyst.vllino mass 

Tho sthir-sdl, C'H'AghlO'*,is obtained, by mixing tho eouceiitratefl solutions ot 
argoiitjc nitrate .md harie suceinamate, as a white crj-stalliiie preeipit.ito, and on 
leaving the filtrate to itself, in prismatic eryslals probably belonging to the munoclinie 
systom It blackens quickly on exposure to light, is easily aoUiblo in ammonia, 
sp.nmgly in water, and insoluble in alcohol, in boiling water it becomes covered with 
a black crnat.» 
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Vhenyhuacinamic or Succiuanihc Acid, C'»H''NO“ = (G'H'O-’fl" 

H 

(Laurent and Gerhardt, Ann Ch Pbys [3], xxiv 179) — Obtained by diiwilriiiR 
fcucciiiunil in boilmg dilute .unraonia mixed wilh a little uIloIioI, boiling the linuid to 
expel thn latter, and neutralising with nitric acid The snecinanilic acid is tiun 
deposited on cooling, in elongated Liniinse, which aie to be purified by crystiillif-atiun 
from alcohol It la very slightly soluble in cold, more soluble in hot water ibe 
solution reddens litmus. It melts when heated, and decomposes, nt a higher teinpeiii- 
tui'6, into water and plienylsueemiiuide, which sublimes. It dissolves in aniinoiiia 
and in potash, and when fused ivilh potash at a gentle heat, gives ofiF umlino, 

Succiuandate of Amnioiuuin is very soluble m water, and cijstallises ui confused 
masses The solution does not precipitnte chloride of cednam, and senicely pvodiui s 
any turbidity ivith chloride of banum , noth cvprio ealia it forms a light-blue, and wilh 
ferrous salts a yellowish-white preeipiUto , with mtiate of silver, a wliite precipitate 
of atgentio auceinanilate. 0‘“H'“AgN0*. 

Sucolnamide, C^HW-'O^ = (D’Arcet, Ann. Ch Tharm. xvi. 

216 ) — This compound separates in small white crystals, on mixing ethylic siieciiialo 
with strong aqueous aminoma. It dissolves in boiling water, but is nearly insolublo 
in cold water, also in alcohol and in ether It melts when heated, and is resolved 
at about 200° into ammonia and succinumde, C''H*NO* It is easily decomposed by 
boiling with alkalis By the action of nitrous acid \i.e. hy iiassiiig nitiic oxide into a 
solution of sucoinanude in mtrio acid), it is resolved, after the manner of amides in 
general, into suoomio acid, water, and nitrogen 

0'H»N«0« + N"<»» = 0*H'0' + H’O + 2m 

(C'H'O")”) 

PkenyUuooina,inide or Suooinanilide, 

• 

(Laurent and G-erhardt, Ann Ch Phys. [8], xxiv 179.)— Bemnins undissolred 
when the product of the action of Bueciino acid on anhydrous iiuilmo h exhausted with 
hoilmg water , produced also by the action of aiiihiio on sucemio chloiido It dis- 
solves easily in boiling alcohol, and is deposited, thcrefiom in tufts of micioscopic 
needles It is less fusible than succimunide. When melted with potash at a gentle 
heat, it gives off amline 

Suoclnlmlde, Sisticeinmiide. (D'Aroet, Ann Ch 

Phys. [2], Ivm 294 — Pehling, Ann Ch. Pharm xlix. 198— Laurent and Gei- 
hardt. Oomph Chim 1849, p. 108) — ^Pormed. 1 By heating succiuamide or succi- 
nate of ammonium. — 2. By the action of dry ammomu-givs ou suceimc uuhydiido 
(C'H'OTO -t- = #0 + (C^ffO^y'HN. 

Succinimida orystaHisos in Urge transparent crystals, C'lPNO* ffO, which give off 
thoir -^ter even on 6xpo.sure to the air. It is easily soluble m water and in alcohol, 
less soluble in ether ; melts at 210°, and sublimes without alteiation. 

The hot alcoholic solution of snccinimide, mixed with a small quantity of ammonia, 
and then with nitrate of silver, yields on cooling, large crjstalsof argcniic smcimmide, 
C'mO-AgIT. Tins compound detonates when heated, and when tritumted with eal- 
ammoniac, is converted, with evolution of ammomu, into aigeutic chloride and 
sucomimide By prolonged boiling with w.iter, it yields aigcntio succinate. When 
boiled with water eontiuuing a few drops of ammonia, it is converted, according to 
Laurent and Gorhaidt, into lugentio succinamato Teuchert, however (p. 460), 
obtained by this process a hydrated argentic snecmimide, 2C'II''0°AgN II-O, and is of 
opinion that Laurent and GcrUirdt's compound was also a hydrated aigontic succim- 
mide, ooutaiuing C'H'O'AgST.ffO, isomenc therefore^with aigcntie suecinamato 

A solution of argentic succinimido in a small ipiantity of ammonia, leaves, on 
spontaneous evaporation, an alluihno syrupy liquid, which sohdifies after some time to 
a mass of haid brittle crystals, consisting of mc/intariimomuin-succiiamidc.. 
C'H'0’(NH''Ag)N, which is distinguished from argentic succmimide by its property of 
giving off ammonia when treated with potash at oi-dinary temperatures 

CUorosucoinmtdc . — ^Ethvlic perchlorosueeinate (p 463) is converted hy ammonia 
into a crystallisable and siihlimable body, probably consisting of tetrachlorosueci- 
nimido, Q*GbO UN. The analysis of this body does not agiee very well with this 
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formula, but tlio formatrou of tncblorucotamide, at the same time, sooma to show that 
It js produced in the manner shown by the equation . 

C»C1”0‘ + 3Nn» =. tHCl + 2G*H''Gl»NO + C<C1'0-HN. 

nihjhcpor- Tnclilorncetnmldo, Tttr«clilorojui:. 

chlninuicclnata clllliiililit 

On treating the product with ether, the tetraehlorosuccinimidc and trichlornootamide 
dissolve, while sal-ammoniac remains behind, and tlie ethereal solution leaves on 
evaporation, a residue, from which cold water extracts an animoniacal compound of 
tetraclilorosucciniiiiido (ehlnrazosiiecato ot ainmotiinm), leaving the trichloracetaniido 
The aijueoiis solution, mixed with hydrochloric or nitric acid, deposits the tetnichloro- 
succiiiimido 111 four-sided prisms. It is nearly insoluble in water, veiy soluble in 
alcohol and ether , melts in watei between 83'^ and 8.5°, in the air at 200° , sublimes at 
125°, and turns yellow at 260° It decompio&es carbonates, and its animoniacal 
solution precipitates the salts of calcium and copper Its amnioni.ical solution 
evaporates over the water-bath, decomposes with brisk effervescence, and yields, among 
other products, a crystalline substance, regarded by Gerhardt asohlorosueoilamide, 
C‘H“01“N0’, the amide of chlorosuccie acid (p 463), possibly thus ■ 

C'Cl'O’HN + H*0 = 00= + HCl + C=H’Cl»lfO 

ChlorMiiqunl- Cliloromiccila- 

Phen^lsuooimmide, or Suocinaml, 0"’H®N0= = (Lau- 

rent and Gerhardt, Ann Ch. Phys. [3], xxxiv 179 )— Obtained by heatjiig pul- 
vensed succinic acid with dry aniline, and treating the crystalline mass with hoiliiig 
water, which dissolves the gi'eater pail of it, consisting of succinanil, and leaies a resi- 
due of succinanilide, Thesuceiimnilorystalliboson cooling in colourless lamiiim, andhy 
rcorystalhsatioii from alcohol jt may bo obtamod quite puio, in fine long interlaced 
needles. It appom-s to be sublimable without decomposition It is insoluble in cold 
water Aqueous potash has no action upon it, but when heated with solid potasli it 
gives off aniline. Boilang aqueous ammonfci. converts it into suecmanilio acid (p 4fiU). 

TrlguoGlnamlde, (C'H''0=)=fr=. (Chiozza and Gerhardt, Ann. Ch Phorm xc 
108 ) — Produced, together with argentic chloride, by treating argentic succimmide with 
an ethereal solution of succinic chloride ; 

2(C'B:^0=)"AgN -t (C‘H'0=)"C1« = 2AgCl + (C‘ft<0=)=N». 

It is slightly soluble in ether, easily soluble in absolute alcohol, and crystallises in 
small triangular plates which melt at 83° By aqueous alcohol it is quickly decom- 
posed, yieldmg succinic acid, etliyhc succinato,and sucoiniinido. 

STICOINIO AITS-irsitlDll. C'H'O* = (0‘H<0=)"0 Anhydrous Buommo 
Aotd. (D’Axcet, Ann. Ch. Phys [2], Iviii 282 — Gerhardt and Ohiozza, Oompt. 
reuA xxxvi. 1060. — Kraut, Ann Ch Pluirm. cxxxvii 264.) — Obtained. 1. By boil- 
ing succinic acid veiy rapidly in. a retort, and absorbing the water as fast as it con- 
denses. — i. By distilling succinic acid once or twice with phosphoric anhydride 
(D’Aroet). — 3 By heating the acid wth phoiplioric pontachlondo 
C=H»0* + POP = 2HC1 + POOP -I- C'H'0= 

— i. By heating ethybe succinate with chlorobenzene (Kraut, p 463 ) 

Succinic anhydride is awhile mass, less soluble in tmia, hut more soluble in 
alcohol, than suceunc acid. It dissolves in boiling absolute alcohol, apparently witliout 
formation of ethylic succinate, and is deposited fiom the aohitioii in long noodles It 
is very little soluble m ether, either cold or boiling Melts at 119 6° (Kraut). By 
solution in boiling water, it is reconverted into snccimc acid. With dry ammonia-gas 
It becomes hot, and forms succinimide, together with water ; 

C<H<0=.0 + NH» = H=0 + C'H'0=HN 
With phosphoric pentachlondo, it yields succinic chloride and phosphoric oxychloride ■ 
C'H'0=.0 + PGP =. POOP + C‘H*0=GP. 

SUCClSTIO CMortde of Succinyl, (C=H'0=)"CP (Gerhardt 

and Chiozza, loe. nt) — ^Produced as above, by distilling succinic anhydride with 
phosphoiic pentiichloride, and purified by rectification Ills a fuming, strongly re- 
fracting liquid, boiling at about 190° With water it easily yields auccmio acid , with 
alcohol, ethylic miccinato 

Vibt ojnosvcctnic CWonde, C^H-Br=0=.Cl=, is obtained by heating succinic chloride 
with biomiuo to 120° — 130°, fur three or four hours (Porkiu and Diippa, Cheni. 
Soc Qu J. mu 102), also by direct udditiou ot bromine to fumaric chloride, 
C^H=0=CP (KekulA) It is a liquid, which boils at 220° (Kokuld), and is converted 
by water into dibroiiiosuccmie acid. (Perkin and Duppa ) 
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SUCCIITIC STBSItS. a Of snccinic ethers containing monatomic alcohol- 
radicles, only the neutral metliylie, ethylic, cetyhc, and benzhydiohc ethers haro 
hitherto been obtained. 

Methtlic SuaciNATH, C'H"’0* ■= is produced by passing 

hydi'oolilnno acid gas into a solution of succinic acid in raethyhc alcohol IVlicn 
purified in the u.snal way, it foims a crystalline mass, melting at 20°, and solidifying 
again at 1 6°. It is nearly insoluble in water, but dissolves in alcohol and ether , hoils 
at 108 °. Specific gravity of hquid •= 1-179 ut 20° j of vapour 6 29. (Fehlxng, Ann 
Oh. Pharm xlix. 195.) 

Ei-HYLio StrociNATB, =. — ^Prepared like the methylio 

ether, or by distilling IQ pts. suceimo acid, 20 pts alcohol, and 6 pts. strong hydro- 
chloric acid, and purifyrmg tha oily product by distillation over massicot (D’Areet, 
Ann Gh Phys. [2], Iviii. 291), tdao by dropping alcohol into a retort in which 
Buceinio acid is heated to a tomperature near its boiUng-point (Qaultliier d'a 
Olauhry) It is an oil, slightly solublo in water, boiling at 214°, and hnruuig with a 
yellow flame Specific gravity of liquid = 1-036 , of vapour = 8 22 (D’Ai-cet) 

When potassium is uitroduced into ethylic succinate, the liquid becomes hot, gives 
off hydrogen, and forma a pasty mass, from which, after treatment with water aud 
orystallisation of the undissolved portion, yellowish lamina are obtained, having tho 
composition C*H*0’ [therefore, perlinps, ethylfuocMio anhydride, C‘H*(C®H‘)0‘'] Tho 
crystals melt at 133° , sublime at 206° , and are decomposed by alkalis into alcohol 
and an alkohne succinate With aiumoma they form a bght-yellow substance, crys- 
tallising in needles (Fehling, Ann. Oh. Pharm. xlix. 192). Kospecting the rational 
foimula see&euther (Zeitsohr Oh. Pharm. 1866, p fl.) 

Ethylic succinate heated with cUorohenzene (chloride of phenyl) in a sealed tube 
to 260°, for several hours, yields etliyhc chloride, ethyho benzoate, and suceiiiio 
anhydride (Kraut, Ann Cli Pharm cxxxvii 264) 

-f C’H‘OCl = C=H‘C1 + + (C<n'0*)".0. 

SuhstituUon-podnMs of Ethyho Sweemate (Cah ours, Ann Ch Pharm xlvii. 29; 
Malaguti, iJirf In 291) — When ethyho suecinato is satinuted with chlorine, and 
then exposed to sunshine in a bottlo fiUed witli chlorino-gae, ii cry.stallisablo suhetanco 
IS formed, which molts at 116° — 120°, has the coinpositiou C"HCl'-'0'*, and may theie- 
fore he regarded as ethyho siiocmate iii which all the hydrogen, except one atom, is 
replaced hy chlorine By distillation it is resolved, at about 290°, into carbonic 
anhydride, ohloi-ido of ti-ioliloracetyl, tncblorido of carbon, and probably olilorosuc 
cide, O’HCPO : 

C»HC1"0* = CO’‘ + C^CPOCl + C=C1» + O’HCl’O 
With alcohol it yields neutral ethylic carbonate (i.800), otliylic trichlorew:etat9(i. 879), 
hydrochloric acid, and tha ethylic ether of ohloroaiiccie acid — Tho chlocmuted 
ether, or tha product formed from it by the action of alcohol, yields, when treated with 
potash, carbonate, chloride, formate, and chloroauccata of potassium. (Mala- 
gttti.) 

Laurent aud Gerhardt suppose that Malaguti'a chlorinated othor contains no 
hydrogen, but consists of perchlQriiiated ethylic succinate, C'Cl'-'O-'. Gerhardt regards 
chlorosucoio acid as C’HCPO* ■= (trichloraerylic acid), and chlorosuocide 

as the corresponding chloride, C’CPO Cl. These formulae afiSird eimplo explanations 
of aU the reactions, hut they do not agree well with the analytical numbers obtained 
by Cahours and Malaguti. — Chlorinated ethylic succinate, treated with ammonia, 
yields, among other products, a compound designated by Malaguti as chlorazo- 
suooie acid (C’HCPON'), tat regarded by Laurent as tetraeblorosuccininiide, 
C‘CPO’ HN (p. 46 1 ). For further details respectmg those ehlorinated compounds, see • 
Gorhardt’s Traiti, ii. 466, 477. 

Cetylio Spooinatb, (Tuttsoheff, Eep Chim. 

piira.ii. 463.) — Produced by heating 1 at. auceinioacid and 2 at othalfor 15 hours (to 
what temperature ?). Crystullibes from hot ether-alcohol in wlute lominiK, melting at 
68°, sUghtly soluble in alcohol, more soluble in ether 

Benzhydbouio SnociitATE, G“H“0< = Produced by heatmg 

succinic acid with hsnzhydrol , described under Phehymenzoyi, (iv. 479). 



SUCCINITE— SUGARS. 


0 Succmio Eihms containing Diatomic Akohol-radicies. 

Only two of these etliers have yet been obtiuned, vi/ , the acid and ueutml auecinatea 
of ethylene, both, discovered hy Lonronzo. (Ann. Ch Phiirm cxv. 3A8) 

EthyUne-suooimc, or GlyeolBuocimc Aoid, C“H"’0® = (C“H’)'’ J-0®.— 


Produced by heating sneeiuic acid witli glycol to 
+ H“0. 

It forma emodl crystals, melting below 100°, soluble 


H-) 

1S0°. C^H“0‘ + = 

in water and dleohol, inaohible 


Neutral Ethglenio Succinate, oi Succinate of Gtgcol, C®H"0^ = 0“, 

remains when othylcne-Buccinic acid is heated to 300°, as a ciystiiUine mass, nlnch 
melts at about 00°, is insoluble in wa^er and in other, but may be crystallised from 
boiling alcohol 

SITCCXn'ITX!. An amber-eolonred variety of hmo-garnot. The name is applied 
also by Breitliaupt to amber. 

STTCCZKrasi'Xi. This name has been applied to a volatile oil obtained by the 
distillation of neutral ailcic enccinate (p 485^ 

STrcoxirO'StntPBVKIo acid. Syn with SuxpHosuccmio Aero. 

StTCCIKTum. Syn with AsinEn 

SDCclMrYZi, C'H^O’ The diatomic radicle of suceiiiio acid, &o. 

SVC Cll!rYl.lc ACID. Syn. with Sucoraic Acin 

BVCOISTSBESTB (from sucamum and stearin ) — The name applied by 
Pelletier and Walter to the portion of Colophomum succini which is insoluble in 
alcohol and ether. (See Ambbk, i. 163 ) 

BXTCDOSD. Syn with Cirro-snoAB 


SVBT. The solid fat of the ok or sheep Mutton-suet is more solid than beef- 
suet, and consists mainly of stearin, together with palmitin, and small quantities of 
olein and hircin , melts at 60° (xlrzhacher). Eeef-suot contains more stearin th.iu 
human fat, more p.ilmitin than mutton-suet, and about the same quantity of olem , 
melts at 47“ (Arzbheher) 


SVCrARS. TTiider this name are included a number of organic compounds, 
mostly of vegetable origin, which are soluble in water, mostly crystalli sable, have a 
sweet taste, and neutral reaction to vegetable colours, and in the state of sohitimi rotate 
the plane of vibration of a ray of polarised light They may ho divided into fer- 
mentable or true sugars, and non-fermentable sugars or saocharoids. 

A. Eementaile Sugars — These siigai's are ciirboliyfhatos, represented by tlio 
general formula OH^rOe, and may be subdivided into the two following groups, the 
first including those sugars which aie directly susceptible of vinous fermentation, the 
second those which undergo this transfomi.ition only after conversion into sugars of 
the fiist group 

a. C'»E'^0« (Olueosos). ^ ^ 


Dextrose or Dextroglucosc (ii 865) 
Laevulose or Isevoghicose (ii 863) 


+ 66° 

( - 106° at 14° 
I - 68° at 90° 


Galactose (in. 1023) . . .4- 83° 

To this group belong also a number of sugars differing moro or less in properties 
from the three preceding, viz. Maltose (in. 999), Mannitose (iii 826), the sugar 
found by Mpis8ner(JalirP3b 1861, p 8()0)iis a normal constituent of muscular flesh , 
Diileitosp, a product of the oxidation of dnlcite by mtiic acid (Carlet, Ann Gh 
Pharm cxvu 143), the sugar which Borthelot obtained (ii 856) from mannito and 
glycerin by the action of a peculiar ferment , and many of the sugars resulting from 
the decomposition of natural glncosides under the influence of acids (ii 866). 

6. (Cone-BUgar and its isomera) 


Saccharose or Cane-sugar . . . + 73 8° 

Parasuecharosa ...... +108° 

Lactose or Milk-Migar ^ . + 69'3 

Mclozitosc (ni, 868) ... + 94 

Mehtoso (in, 869) . . . . +102 

Mycoso (111 1008) + 182 5 

Trehalose „ .+ 199 





B. Non-fa mentahU Sugars or Saecharoids — Of these bodies, the first four in tho 
following hst have the composition of the glucoses , tho rest are not cnrbohydratea, but 
contain a quantity of hydi ^gon larger than is suf^iaut to convert the vriiolo of the 


Eucalyn, (ii. 601) 

Sorbite, C“H'W (v. 362) 
Quercitoso,* C'H’^0' ? (v. 37) 
Inosito, C“H‘*0' (in. 271) 

Mannite, C“H‘'0“ (in. 826) 

Dulcite, C“H“0* (ii 348) 
Ieoduleit6,t C'H'-'O" (v. 7) 

Quercite, 0“H‘*0» (v 6) 

Pinite, C“H‘=0® (iv 662) 
Erythromaimito, (ii 604) . 


+ 7-6° 

+ 83 6« (nearly) 
+ 68'60 


tint (iii. 072), -whioh is tho same os that for the medium yellow ray, and is commonly 
oxpiesscd by the symbol [o]j. Tho value for tho red ray is rolatod to this by the 
equation . 

Wr = 

The molecular or speoiflo rotatory power [a] is given by one of the following 


I. 

n. W - or W - 

In tlieso equations, a or a is the observed angle of xotMion ; », the concentration of the 
solution (1 gi'in. of solution containing « grms of suhstonce), 5, the specific gravity 
of the solution , A or I, the length of the column of liquid in aeciiuotrea { 

Fui'ther * p, the weight of the substanco in grammes , K, the volume of the solution 
containing it. , * i« 

Also : tho concentration of the solution according to volumo, t e. the quantity of 
grammes of the substance contained in 1 cub cent, of solution, so that ~ ® ^ 

The equation I. is used when the concentration and speciflo gravity of Uio solution 
»re Icnowu , the equation II. when, as is generally the ea^e, tlio solution is prepared 
by weighing out the substance, and tilling up tho liquid with water to a given bulk 
The moleeulai’ rotatory power of most sugars is but little affected by tompernture , 
that of Isevulose, however, diminishes rapidly as the temperature rises A recently pre- 
pared mixtoi'e of crystallised dextrose (grape-sugar) exhibits, when recently prepared, 
a rotatory power of about 112®, but it decreases gradually at oidmury temperatures, 
and quickly when the liquid is heated, and ultimately remains constant at +56®. 

Mistimes of dextrose and Imvulose exhibit dextro- or Imvo-rotation, according to the 
proportions in winch the two are mixed , this is seen in different samples of honey, 
and in fruits. In verted sugar (n 863), produced by tJie action of acids on cane- 
sugar, is a mixture of dextrose and Imvulose in equal quantities. Its specific rotatory 
power varies greatly according to temperature at 16® it is [«] = ^ + S ~ 

* The sugar obtaiueflby tlecomposing quercitron with diUito sulphuric Acldla, According to U I gaud 
(Ann Clu Pharm. xc. 195), tdeuucal witli devtroBO In every respect, excepting that It Jo optically 
'TAccordInff tn H I asi w etz and Pfaund Ier,on the other hand (Jahresb J8K 
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-25° ; at 26° it is — 12'6°, at 90° it is nearly = 0, and at higher temperatures the 
inixture beeomos dcxiroroiraory. 

Ghemioal Ueacttons of Sugars. 1. Decomposition by heat — All sugars are de- 
cuniposed by heat. Those which contain water of cryatallibution give it off at 100° or 
alittlo above— VIZ., grape-sugar, melitoso, trehalose, oucaljn, and niosite at 100°, mele- 
zitoso at 110°, itiycoso at 130° At somewhat higher temperatures the glucoses gne 
off more water, and yield anhydrides analogous to mannitun (lii 823) thus 
Dextrose) rioTriifiii _ 5^^’^ + CHi'O’ Glucosai 
Lffivnlosc I 


JH*0 + G«H'»0= Ltevohisa 


When further heated, they yield a number of somewhat indefinite compounds, desig- 
nated by the general name caramel, and at still higher temperatures, they iinrlergo 
complete decomposition, giving off carbonic oxide, c.arbouio anhydride, marsh-gas, 
acetic acid, aldehyde, acetono, furfnrol, hquid hydrocarbons, and other products, The 
sugars, C'-H“0‘‘, appear to he first converted by heat into a mixtoe of glucoses and 
glucosimhydndes (c g , cane-sugar into dextrose and Itovolusan), which ore resolved 
hy further heating into the products ahovo mentioned 
2. Oxidation . — Sugars are easily omdablc. With strong oxidising agents they 
mostly yield products of comp-irntively simple constitution, such as carhonio, formic, 
and oxaho acids. Glucose and cane-sugar, &c , distilled with a mixturo of maitgamo 
pcra.vide ovpoteissto chi ornate and eulphimo acid, or with peroxide of lead and water, 
yield chiefly formic and carbomo acids , milk-sugar distilled with potassio chromate 
and sulphuric acid yields the same products, together with oldehyde. 

By prolonged boiling with strong mtrio acid, sugars yield chiefly oxalic acid With 
men 0 dtliite acid, and at lower temperatures, acids are formed neater in compositiou to 
the sugars — chiefly mumc, saccharic, and tartaric acids, sometimes also racemic acid 
The formation of the isomcrie compounds, mncic andsacehario acids, is ropresonted 
hy the equation . 

C«b:i20« 0» = 

Tartaric acid is probably formed by flirthcr oxidation of saoohario acid; and raoe- 
mio acid by oxidation of mucio acid (p 36) 

Cane-sugar, glucose, and indeed most other sugars, yield hy this gradual oxidadon, 
only sacch.iric acid, milk-sugar yields mucic with a small quantity of saoohario acid ; 
mohtose yields saccharic with a small quantity of mucio acid. 

Sugars are oxidised by many metallic oxides and salts, and therefore act as reducing 
agents thus from sduer-salts, especially in presence of ammonia, they throw doivii 
metaBio silver; from oupno salts, especially in alkaline solution, they precipitate 
cuprous oxide (li. 860). The glucoses in general exert a stronger reduemg actiou than 
cana-sngar and its isomers , of the latter, milk-sugar reduces more quickly than cane- 
sugar. The products formed m these reactions have not been very closely inveatigated. 
(See Gaxi,aotio and Peotoiactio Acids, in. 102t ) 

3. Very strong nifrze aeitf (specific gravity, 1'52S), or a mixture of strong nitric 
and sidphunc acids, converts sugiu's into nitro-componnds cane-sugar thus tieatod 
yields nitro-saociiarose, probably C’*H’“(NO'‘)’0'’ , inosite yields ciystnlhsahlu 
nitro-inosito, C“H"(NO'‘)‘'0“, isoduloite, C“H''0*E°0, sields 0“n‘'(N'0“)’0®, dex- 
trose, milk-sugar, and trehalose yield nitro-componnds whose composition has not 
boon exactly aseertamod 

4 Reactions vrith other acids. — ^By.boihng with dilute sulphuric or hydrochloric 
acid, cane-sugar and its isomers are converted into glucoses 

C"H“0" + H«0 =■ C“n‘'’0« + C''H"0». 

In this manner melezitose yields 2 at of dextrose , lactose yields 2 at of galactose , 
enne-sngnr yields 1 at dextrose -r 1 at. liievuloso, andmohtose yields 1 at. dextrose + 

1 at. eucalyn 

The glucoses offer considerable resistance to fimlhor transformation hy dilute mine- 
ral acids , hut ultimately they turn brown and decompose, the more quickly ns the 
acid is less dilute, yielding brown humns-like product* of iiidotorminate composition , 
tins liansiormation is most quickly effected by strong bydi'ochlono acid. 

Concentrated snlplmrio acid acts on the sugais, G'^E^'O", much more strongly than 
on the glucoses A strong syrup of cane- or milk-sugar mixed with concentrated sul- 
phuric acid, is immediately decomposed with great intumescence, evolution of sul- 
phurous anhydride and various volatile products, and separation of a black carbona- 
ceous mass — Dextrose, on the other hand, mixed with strong sulphuric acid, forms, 
without blackening, a sulpho-aeid, G=^H''"SO-’-= 4G“H“0;SO) the action hoipg 
exactly siimlar to that of the organic acids on the glucoses (p. '487) : 

4C''E'’'0« + n»SO< = H“0 + O^'H^SO”. 
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Fhosphonc cmid appoar.s also to form a similar compound witli dextrose 
Tlie glucoses heated with solutions of organia aeuls act like polyatomic alcohols 
yjoldiug ethereal compounds called saccharides, which rcsomhle the manuitic ethers 
(u. S21), inasmuch as they ai’o deiivatives, not directly of glucoae, CH'W, but of 
glucosan, thus- 


+ 2C^H»0“ - 3ffO 
+ 2G«'H«»0* - 3ffO 


C«H«(C<H’0)»0“ 

Dibutyrjl'gluoosan 

0“H»(C'"H“0)=0“ 

Blstearyl-glucosan. 


C''H*(OT“0)«0‘‘ 

Hexacetyl’glucosana 
Uictliyl-glucoEan. 

Cane-sugar and its iBomers, heated with organic acids, aro first conrerted into 
glucoses, and then into saccharides as above. « 

With tartano acid, the sugars oppeiu; to form several different compounds. The 
following are described by Borthelot {Chim. org. u 294) 

1. 3?rom Dextrose, -i- 40'H«0» - 6H’0 = C«H«0« 

2 „ Cane-sugar, C»H“0" + 2C*H“0» - SffO = 

3. „ Milk-sugar, C-H'^O" -t 4G*H“0“ - 3H'0 = C«n”0« 

4. „ „ 3C“H'=0“ -t 4C‘H“0« - 7H»0 = 

6. Seacitons with Alhilis. — Sugars act like weak acids, inasmuch ns theyaro capable 
of forming saline compounds with certain bases, or, in other words, of oxehauging port 
of their hydrogen for metals Thus doxtiose, forms with baryta the com- 

pound O' W-BT'O"* , and cane-sugar forms with the same base, a compound which 
may be formulated as C"'H'“'Ba"0'* H'O, or os C''H'''0‘'.Ba"0. Dextrose and cane- 
sugar also form sahne compounds with potash and soda, these compounds are obtained 
by agitating the alcoholic solution of the sugar with alcoholic potash. 

In aqueous solution, on tho other hand, the glucoses are very easdy decomposed by 
alkalis, even when very dilute. Tho decomposition takes place slowly in the cold, 
more quickly on heating, the liquid first turning yellow, then brown, and yielding a 
quantity of indetorminato brown humous substance Dextrose thus treated yields 
glucie acid (ii 848), as tho first product of tho reaction 
The sugars, are for tho most part much less readily attacked by alkahs 

than the glucoses , they are not attacked by dilute alkabne solutions in the cold, and 
but slowly eveu when heated , hut they are decomposed by boiling with concentrated 
alkabne liquids. When fused with caustic alkahs they yield oxahe acid. 

In general those sugars (and other carbohydrates), which are most easily attacked 
by acids, offer the greatest resistance to the action of alkahs. 

The sugars and other oaihohyclmtos, when treated with ammonia in the form of gas, 
or of aqueous solution, are capable of forming compounds somewhat resembling gela- 
tin, and containing in some cases as much as 14 — 19 per cent nitrogen. Dusart 
(Compt. rend. In 974), by heating glucose, milk-sugar, or starch with aqueous ammo- 
nia to iaO°, obtained nitrogenised substances, which were precipitated by alcohol in 
tenacious threads, and formed with tannic acid an insoluble, non-putrefymg compound. 
Similar results were obtained by Sohutzonberger (Jahrosb 1801, p 910) 
P Thdnard {ibid p. 908), by operating in a similar manner, but at a temperature of 
280°, obtained yellow or brown nitrogenised products — some solublo, others in- 
soluble in water, and containing as mneb as 19 per cent nitrogen These rosults are 
ospeei.illy interesting in connection with the observation made by Hunt (Jahrosb 
1 847-48, p. 846), that bone-gelatin has, approximately, the composition of an amide of 
the carbohydrates 

C“H»0" -fr + 4^0; 

and that, on the other hand, gelatin and siimlar substances, when boiled for some time 
with sulphuric acid, yield, among other products, sugars resembling glucose. 

Action of Ferments — The glucoses, yiz dextrose, Isevulose, and galactose, are directly 
susceptible of vinous feimontation, that is to say, when their aqueous solutions are 
placed in contact witli yeast at a certain temperaturB, they are immediately resolved 
into alcohol and carbonic anhydride =. 2C'H‘'0 + 2GO-. Cane-sugar and 


+ 6C“ffO» - 7^0 = 

ox roso. 

-t 20=^0 - 2H=0 =. 

Dextrojo. Alcoliol. 


th ethylliromlde ond potash. 



Pi eparntion — Cane-sugar has not yet heeu formed artifleiahy. It is prepared dmo 
exclusively from the juice of the sugiiv-caue, and of field-boot or mangold-wurze 
smaller quantities we obtained from the sorgho and the sugar-maple 

1. From the Sngar-cano. — The ripo canes cut close to the ground and stripped i 
their leiivos are crnsliod between rolleia, and tho expressed jiiico, which is apt to rr 
quickly into fermentation by the action of the albuminous matters which it contains, 
by heating it in a copper boiler to about 00° C (li0° F ), with a small quai 
tity of lime The impimtiea then form a scum, which is removed as fast as it collect 
The jmec, when sufficiently claiiflcd, is rapidly concentrated to about 23° of tbebydn 
meter, then passed through cloth filters and evaporated to a very thick syrup, whif 
is run into shallow vessels to accelerate coohng, then poured into vessels having tho 
bottoms pierced with holes which are kept plugged The syrup, after being left at re. 
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Boxmd canea contains nothing but oiystalliflable sugar. Q-reat improvements have 
recently been effected in the methods of boibng down syrups, especially by the use of 
vacuum-pans, whereby a beautiful crystallised product is obtained from the juice at 
the first evaporation, and the formation of molasses is greatly diimnishcd. 

On the mauufecture of sugan from the cane, see Ore’s Diet, of Arts, &c., in. 802 — 
816 — Hanufactui'o of Maple-sugar, eiid p 820. 

2. Pivim beetroot — The roots of mangold-wnrzel are reduced to a fine pulp, from 
which the juice is separated, either hy pressui’c, after adding a quantity of water equal to 
20 per cent of the weight of the root , or hy lixiviating it ivith cold water . or, finally, by 
subjecting it in perforated cylinders to the rotatory action of a centmfiigal machine. — 
The ^luiee la heat ed to 68“ by hot steam, every 1000 quarts being mixed widi a quantity 
of milk of hmu prepaicd fiom 12 lbs. of lime, and the mixturo is fivrtber boated to the 
hoilmg-pmnt, whereby phosph.ate of eilcium, albumin, albuminate of calcium, and 
other matters are separated, in the form of a dense white crust. The heating is 
intenupted as soon as the boding juice hogms to break through the crust, the clear 
liquid below is lum oif, and the muddy residue is submitted to pressure. The calcareous 
iki}i syruf thus obtained is treated with carhonie acid (from 0 0 to 0 8 per cent lime, 
however, remains dissolved as sugar-hme) , separated by subsidonca and decantation 
from piecipit.ited carbouato of calcium , filtered tbrougli bone-black, which removes a 
small quantity of sugar-hme , and evaporated to 20 — 22° Bm , either in open pans or 
in a vacuuin-apptratus. The ihek syrup, again filtered through bone-black, and 
evaporated in vacuo at about 22" baromotrie pressure, till it becomes thick enough to 
dmw out into threads, yields, after coohng and standing, crystals of caiio-sugivr . and 
the mother-liquor, when further evaporated, yields a second and third crop, till nothing 
remains but uncrystallisable molasses The last veiy dark-coloured crop of aystals 
is moistened with watei, and freed from adheiing molasses by means of the centrifugal 
machine The mixtiu'e of all the successive crops of crystals thus obtained constitutes 
raw boot-sugoi'. (Bor details, see Sandw d, Chem. ix. 1101.) 

Refi limy.— To obtain pure, colomless, crystallised sugar from raw sugar, the latter, dis- 
solved in about a third of its weight of water, is mixed with a small quantity of iiulk of 
lime, and heated to the hoiling-point , and the juice is decanted from tlie impimtios, winch 
separate in the form of a crust, then filtered through bone-cliarcoal, and evaporated lu 
a vacuum-pan The strongly concentrated jmee, is made to ciystaliiso by moderating 
the heat and running in sm.dl quantities of unthiokoned juice, whereupon a magma of 
sugar-crystals immediately forma To give them the requisite hardness, heat is again 
applied, the oiystallmo magma is left to dram in the Bugarlo.rf moulds, and the 
formation of sm.dl uniform crystals is promoted hj' stirring and breaking up the crust 
which forms on the suifaco ‘When the eiystulhsiition is complete, the apex of tlio 
mould, which has previously been closed, is , opened, to allow the syrup to drain off, 
aud that which.rcmains adhering to the crystals is displapcd by pouruig m pure sugar- 
syrup By due desioeation, the lutf -sugar or refined sugai of commerce is obtained. 
{Vre’b Diet, of Alts, ka. ni 802) 

Boimorly the clanfloation of the syrup was effected by adding a certain quantity of 
the serum of bullock’s blood; on heating the s;yrup, the alhivmm of the serum became 
eoiigulated and rose to the surface, carrying with it the greater part of the impurities 

Pi eparaiiun on the small scale — The sacelmriferoua jiortion of a plant, after being 
dined and pulverised, is boiled with 2 pts of strong alcohol, and the filtrate is left to 
cool , It then, after some time, deposits crystals of sugar (Marggraf.) 

Prom fruits, likewise coiitaimiig unerystallis.ible (inverted) sugar, cane-sugar may 
bo extracted by filtering the expressed juice (.vfter adding an equal volume of alcohol, 
if iiecessiu’y, to pievont alteration), then saturating it with slaked hme, and filtering. 
The filtrate heated to the hoihng-point, and again filtered at that temperatiue, leaves 
on the filter insoluble sugar-lime, which, attec thorough washing with water, is to ho 
decomposed by earbonie acid The sugar-solution is then evaporated to a m'up, 
decolOinsed with animal charcoal, mixed with alcohol till it becomes turbid, and left 
to erystiilhso The insoluble sugar-lune jiroduced at the boibng heat does not contain 
raoie tlmu % of the total quantity of sugar present hence the treatment with lime 
must ho repeated. If the decomposition of the sugar-limo by carbonic acid yields very 
(urbid liquids, they must be precipitated with basic acetate of lead, and the filtiute 
treated with sulphydi'ic acid. (Biiign et.) 

PrOTierfiCs.— Cane-aug.ir separates from its solutions hy slow evaporation in large 
crystals (sugar-aandy), having the form of monodinie piisms, generally with hemihedral 
faces. Axes a.b-a = 0 7062 1 0 7. Angle of axes 6, a = 76® 44’, coP ooP 
(orthod) = 101° 30', + Poo . -t- Pa> (chnod.) = 98° 50', -tpoo c = 64° 12'. — 
Ordiuary combinations, wP oP ooPoo (fg 780), and coP . oP . ooPoo . -i-Pco 
• [P”] (J'ff- by the coohng of hot saturated solutions, tho sugar is obtained 
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in masses of smaller eiystals having the same form (loaf-sugar), The crystals exhibit 
phosphoreseenco when broken , also when a strong oleetrio msenai'ge is passed through 
them. Speeifle gravily = 1 606. 


Ftg. 780. Fig. 781. 



Cane-sugar is very soluble in vmter, dissolving in a third of its weight of cold, 
and stdl more easily in hot water . concentrated solutions are syrupy. It is insolublo 
in etJter and in cold absolute alcohol , boding alcohol dissolves about If per cent, of it , 
aqueous alcobol dissolves it much more roaSly. 

Fercmiagc of Cane-sttgar tn Agimus Sohitwns of iiforent Densities, 
(Extracted from the Tables of Balling and Biix.) 

C*ne-8UB»r SpeclO^c gravity Cane-sugar SpecIfJc^BTavIty 

per can. \ 0040 ’’“"fiT ’ 12610 

8 1-0200 60 1'20OO 

10 1 0404 66 1 3100 

16 1-0614 70 1 3607 

20 1-0832 76 1-3824 

25 1-1069 80 14169 

30 1 1296 86 1 4499 

36 1-1640 90 1 4849 

40 1-1794 96 1-6209 

46 1-2057 99- 1-6604 

60 1-2166 

The aqueous solution of cano-sugar turns the plana of a polarised ray to the right, 
for the transition-tmt, [a] = -i- 73-8°. The rotatory power varies but httlo with 
changes of temperature. 

Cane-sugar melts at 160° to a clear liquid, and aolidifles on cooling to a transparent 
amorphous mass, commonly called barley-sugar, which gradually .becomes opaque 
and crystalline. 

Decompositums. — 1. Cane-sugar heated a little above 160°, is converted, without 
loss of -weight, mto a mixture of dextrose and liEvoliisan (u. 864) ■ 
ewH^O" = C“H'’0'‘ + 

At a higher temperature, water is given off, the dextrose being probably converted 
into glucosan (n 854) , afterwards, at about 210°, more w.ater is given off, and caramel 
remains (1) At a still higher temperature, an inflammable gaseous mixtni-e is given off, 
consisting of t-arhonic oxido, marsh-gas, and e.iiboiiie anhydiido , a distillate is obtained, 
consisting of brown oils, acetic acid, acetone, and aldehyde, and a considerable quantity 
of charcoal remains behind The brown oils contain a small quantity of furfiu-ol (ii, 
750), and a bitter substance called assamar (i. 418) (Eor further details lespoctuig 
those products, see Ghn. xv. 248.) 

2. By prolonged boding with watei', cane-sugar is converted into a mixture of 
dextrose and Imvuloso, called inverted sugar (ii. 883), because the rotatory power of 
the Irevuloss is greater than that of the dextrose : 

C'=H«0“ + 0 = C«H'’0'= + C=H‘=0». 

Saccharose. Dextrose Laivulose. 

This transformation is accelerated by the prosenco of acids, .and apparently also of certain 
salts Very dilute acids convert the cane-sngar into inverted sugar, slowly m the cold, 
very quickly when heated Different acids act with various degrees of rapidity — 
miner^ moro quickly than organic acids, sulphuric acid moat quickly of all. When 
sugar is boiled even with very dilute acids, especially if tho boiling bo long-continued, 
a number of brown amorphous products are formed, called ulmiu, ulmie acid, &e. 
^m. XV. 264) , if tho air luis access to tho liquid, formic acid is likewise produced. — 
Concentrutod hydrochloric acid decomposes sugai- very quickly. 
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Strong sulphuric acid decompoaes dry sugar when heated, and a concentrated solu- 
tion, evou at ordinary temperatures, with copious evolution of sulphurous anhydride • 
and forraatioa of a large quantity of hlaek carbonaceous matter. By this reaction 
cane-sugar may he thstinguished firom glucose (u. 869, 8G4). 

3 Cane-sugar is very easily oxidised. It reduces siloer- and merowy-salis when 
heated with them, and precipitates gold from the chlondo. Pure eugne hydrate is hut 
slowly reduced by it, oven at the boiling heat , in presence of alkali, however, a 
blue solution is formed, and on boiling the liquid cuprous omde is precipitated. An 
alkaliiio solution of ewyno tartrate is very slowly reduced by cane-sugar — Cane-sugar 
takes Are when triturated with 8 pts. peroxide of lead, and forms with ohloraie of 
potassmm a mixture which detonates on percussion, and hums vividly when a drop of 
oil of vitriol is let fall upon it. Cane-sugar, distilled with a mixture of sulphino aoid 
and manganic peroxide, yields formic acid Heated with ddute mtric acid, it yields 
saccharic aud oxalic acids 1 pt sugar mixed with 3 pts nitno acid of specific 
gravity 1 25 to 1'30, and heated to 6Q“, is wholly couvortod into sacchono 
aoid 

CUH"0“ + 0“ = 2C«H'“0« -t H=0. 


At the boiling heat, the product consists chiefly of oxalic acid. Very strong nitric 
aoid, or a mixture of strong nitric and sulphuric acids, converts sugar into n itvo- 
sacoliaroae, probably 0''‘H'*(N0-y0''. Sugar is likewise oxidised \>y chloride of 
Ime, but the products have not been examined. 

4. Cane-sugar does not turn brown when triturated with alhalis, a character by 
winch it 18 distinguished from glucose : it combines with them, however, forming 
compounds called suorates. By boiling with potash-ley it is decomposed, but mucli 
more slowly than the glucoses. When fused with potassium- hydrate containing water, 
it yields chiefly formic, acetic, and raopionie acids ; with dry potassium-hydrate it 
yields oxahe aeid (Gottlieb, Ann Ch Pharm lii 122). Distilled with sad«-h/»c, it 
yields small quantities of ethylene, trityleno, and umylcue (B erthelot, jahresh. 1867, 
p. 426) and, whoa distilled with qmchlime, it gives off acetone, metacetono, &o. 
(Gottlieb) 

6 X)iy chlorine does not attack sugar at ordiuory temperatures , hut at 100°, a 
brown substance is formed, partly soluble in water. On passing chlorme into sugar- 
water, hydrochloric acid is slowly formed, together with ciuhouie acid, a brown sub- 
stance, and an unorystalhsable organic acid — 1‘crchlorides act upon sugar (and other 
carbohydrates) in the siuno manner as free chlorine, producing dark-coloured products 
This reaction is apphed by Maiimeni (Compt rend xxx. 314) to the detection of 
sugar and analogous substances in hquids Por thus purpose a drop of the hquid is 
placed on a strip of white menno, previously steeped in a solution of stannic chloride 
and dried ; aud the strip is warmed over a hot coal or the flame of a lamp ; the 
presenoo of any saccharine substance will then he indicated by the production of a 
black spot. 

6. Sugar does not absorb of boron in the cold, hut on applying heat, the gas 

is absorbed, and the sugar is blackened 

7, Caue-sugm is not chroctly fermentable, but when its dilute aqueous solution is 
nuxedwith yeast, and exposed to a warm atmosphere, it is first resolved into a mixture 
of dextrose and Imvulose (p. 470), which then enter into fermentation, yielding alcohol 
and carbonic anhydndo 

CoH'iO* =. 200* + 20*H«0. 


When equal weights of cane-sugar and glucose are dissolved in equal quantities of 
distilled nater, and a very small quantity of yeast added to each, the glucoao imme- 
diately begins to ferment, even at the mean temperature of summer (about 20°), but 
the cane-sugar remains unaltered for months, even at 30° — 40° To bring it to the 
fermenting state, it is necessary to add seven or eight times the original quantity of 
yeast (H. Rose, .T pr Chem xxiii .893) The conversion of cane-sugar into inverted 
sugar is eflfected by the soluble foment m yeast (analogous to diastase), and by tho 
ferment contained in most fruits 

Estimation of Cane-sugar 8accJianmetry.—ll the solution contains nothing hut 
eane-sugai', tho specific gravity is observed, and the percentage of sugar determined 
therefrom {tnd. inf ) If other substances which affect the density aro hkewise present, 
tho quantity of oaiie-sngor may he determined 

1 Prom the weight of carbonic anhydride fomed in the vinous fermontation of tho 
sugar, or from the quantity of alcohol thereby produced According to older state- 
mouts, 100 pts cane-sugar yield (after deduction of 6 26 pts water), 51 44 pts car- 
bomo anhydride and 63 80 absolute alcohol; according to Pasteur's direct determina- 
tion, 49'12 pts. carbonic anhydride and 61 01 absolute alcohol, the remaining portion 
of tho sugar being consumed in the formation of glyceim and succimo acid. See 
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ii. 028, also Buignet’s description of tlie process (Ann. Ch. Phys [3], Ixu 

2. Prom tha weight of cnprons oxide which the sugar can reduce fram potassio- 
cupric tartrate, or from the volume of a standard solution of th.it salt decomposed by 
tha sugar. For tins reaction, the cane-sugar must ho previously heated with acid.s, to 
convert it into inverted sugar, which reduces the same quantity of cupric oxide us 
grape-sugar. (Sec Glucosh, ii 863.) 

3. Frum the Eotatory Poaier of the Sohiiion — If tho solution contains only cane- 
sugar, or, at least, no other optically active suhstance, the amount of sugar may 
ho calculutcd from tho rotatory power lu the inannor described under Light 
(ill 673) Turbid or gummy solutions are mixed with i their volume of isui- 
gkss-bohition , then, after agitation, with 14 vol alcohol, wliereupon tho mixture, 
without being heated, coagulates, and yields a llltrato ad.ipted for . observation. 
Colonred solutions nro dcculoribod by animal oliurcoid, but as this siibst.iuce 
(according to some statements) takes up sug.ar, the first fourth of the liquid that runs 
thimigh IS ritjected, and only the romamder used for the ohsoivutioii. If, in addition 
to raue-sugar, tho solution contains grape-sugar, inverted sugar, or any other optically 
active substance, whoso rotataiy power is not altered by heating with acids, the 
amount of cane-sugar may be determined by observing tho rotatory power of tlio 
solution, both before and rfter inversion, the temperature being likesnso obseived in 
the latter case The first observation having been made, 100 c e, of the solution are 
mixed with 10 c c. fuming hydrochloric acid, tho mixture boated to 68°, and kepi at 
that temperature for a quarter of an hour. Since the rotatory power of the soluhoa 
cooled to tho original temperatiue (supposnig tJio observation to have been made in a 
tube longer by one-tenth than the former), remains iin.altored in so far as it was due 
to the glucose, whereas the cane-sugar has been replaced by inverted sug.ir, the 
amount of cane-sugar may bo calculated from the rotatory power peculiar to this 
inverted sugar, as follows — ^Tho rotatory power (a) obsorvod before inversion was 
made up of the moleoidar rotatory power {c) of the cane-sugar {0), and that of the 
grape-sugar {a Q) . therefore 

a = cO g G-. 

The rotatory power («') observed ofter inversion is, in liko manner, made up of the 
unaltered rotatory power of the grape-sugar {g Q), and that of tho inverted sugar {iO)\ 
therefore • 

a' = t 0 + p (? 


Consequently the difference, a — 
inversion, is equal to o 0 — * O' 

or, finally 


a’, of tlie rotations observed before and after 
-o’ =. C{o-i) 



Suppose, for example, a sng.ar-solution before inversion turns tho plane of polarisation 
25 90° to tho right, and after inversion, 5 80° to tho right, at a temperature of 14°; 
then o = 25 96 and o' = 6 80 Now. tho molecular rotatory power of caue-siigar (c) 
IS 73 8°, and that of inverted sugar is 25° at tho temperature of 15° conse- 
quently, 

a = 26-96 - 6 80 ^ ^ 20A6 ^ 

73-8 + 27 98-8 

which quantity, therefore, gives the number of parts by weight of cane-sugar contained 
ju a unit of weight of the solution employed, or. when multiplied by 100, tho percen- 
tage of cane-Biigar in the solution. 

Suppose another sngav-solution, before inversion, to turn the plane of polarisation 
9 36° to the right, and after inversion 10'80° to the left (= —10 80° to the right) ' 
111 this case, a = 938, a' - -10'80, a - a' = 9 36 -1- 10 SO =. 20 16, which 
number divided by 98 8 again gives 0'^ or 20 per cent, of cane-sugar in the solution. 

If, m both cases, tho nature of the second optically active siihstmco present in addition 
to the cane-sugar is known, its quantity may be determined from the observations just 
described , if, on tlie other hand, its quantity is previously known, its nature may ho 
determined Thus, it might bo inferred that grape-sugar was present, in tlie first case, 
besides the cane-sugar in the onginal solution, and inverted sugar lu tho second. This 
mode of proceeding, however, is admissible only when tlie deflection after inversion 
has been observed at a temperature for which tho molecular rotatory power of tho 
inverted sngar (which v.mes with the temperature) has boou proviuiisly detorminod. 
(Biot, Compt rend xv 623, 019, and G9l [3], xvii. 755. — Clerget, Ann. Ch. Phys. 
[3], XXVI 175, Jahresb 1849, p 126) 
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Compounds and Venvattoes of Qane-wgar, 

I. With Acids. — ^The compovmdB formed hy the action of acids on cane-sugar may 
ho divided into two groups ; 

a. Ethereal Compounds of Can«-SM^ar The only known compound belonging 

to this group IS • 

Aitrofiaco/iarose, C'^H‘“(N0“)’0" ?, produced by adding cane-sugar to a mix- 
ture of strong Bulphm'io and nitric aeids It is an amorphous mass, which doton.ites 
when atraok. (Gm xv.) 

/3. Ethereal compounds of the glucoses, produced from cane-sugar by the action of 
acids. To this class belong the saccharides obtained by heatmg cano-sugar with 
acetic, butync, and stearic acid (ii. 866, v. IW) 

n. With Bases. (Pdligot, Ann Gh Pharm. xxx. 69, 92 , Ixxx. 342. — Stein, 
ihd. XXX, 82.— Soubeiran, %btd. xhii. 126, 227.— Berthelot, Jahresb. 1856, 
p 6.36). 

Potassium- and Sodium-compomds of e.ano-Bngar, and C'^H’iHaO'', are 

formed, as gelatinous precipitates, on mixmg an alcoholic solntion of cane-sugar with 
potash- or soda-ley 

A hanum-compound, C'“H®Ba"0”.ffO or C”H“0*'.Ba"0, is obtained, as a crystal- 
line precipitate, on adding hydrate or sulphide of barium to an aguoous solution of 
sugar It may bo crystallised from boiling water, but is insoluble in alcohol. 

Calcium-oompoimds — ^Lime dissolves m sugar-water much more readily than in 
pure water The solution has a bitter taste, and is completely but slowly precipitated 
by carbonie acid There ore three or four of tliese compounds, which may bo 
approximately represented by the foUowmg formul® 

(1 ) G‘=H«0“ Ca"0. (3 ) G'*H“0".2Ga"0.2ff0 

(2 ) 2G''H«0“ 30a"0 (?). (4 ) G‘^H"0" 3Ca''0. 

The constitution of these compounds is not exactly known , hut a part, at least, of the 
calcium probably replaces hydrogen in the sugar. 

The first compound, monocalcic eucrate, is soluble m water, and is obtained as 
a white precipitate on adding alcohol to n solution of calcic hydrate in sugar-water, 
not containing too much lime — ^The compound (2) is formed when sugar-water is 
boiled with excess of calcic hydrate, and thoflltrate is evaporated • it is prcb.-ihly a mix- 
ture of (1) and (3) — The compound (3) is precipitatecf by alcohol, from the liquid 
obtained by digesting sugar-water with excess of calcic hyi'ate. — The compound (4) 
IS slightly soluble m water, and separates, on heating a cold-digested solution of caleio 
hydrate in sugar-water, as an amorphous mass . hence solutions of lime in sugar-water 
usually solidify to a pasty m.iss when boiled. 

Magnesia and lead-oxide are likewise dissolved by sugar-wator. A crystalline 1 e a d - 
compound, C‘”H'*Pb®0", is obtained by boiling sugar-water with litharge, and 
leaving the filtrate to cool, by mixing sugar-water with neutral load-acetate and 
ammonia ; or by precipitating neutral lead-aoetate with a solution of sngar-hma. 

ni. With Salts- a. With Chloride of mum, _ C'’H“0'‘.NaCl.— This compound 
separates, in small deliquescent crystals, from a mixed solution of common salt and 
sugar, (P61igot, Ann Oh. Pharm. xxx 71.) 

jB With Borax, 8C‘®H“0‘> (ira'0.2B“0’) 6H®0.— Borax dissolves in sugar-water 
more fieely than in pure water, and the solution, when evaporated or precipitated with 
alcohol, yields this compotmd. 

Parasaoobarose. This is an isomer of cano-sugar, produced, accordingto Jodin 
(Compt, rend liii 1262 , Iv 720 • Jahresb. 1861, p 722; 1862, p 473), by spontaneous 
formontatiou An aqueous solution of cane-sugar containing phosphate of ammonium 
loft to itself in surnmor (between June 16 and September 10, 1861), yielded, under oir- 
cumbtances not furthoi specified, a crystaUisiible sugar isomeric with saccharose, together 
with an amoiphous sugar having the eompobition of a glucose, both dextrorotatory 
Paras.iccharose, is lery soluble in water, nearly insoluble in alcohol of 90 

percent Specific rotatory powerat 10° = -I- 108°, .ippoaring to increase a little with 
rise of temperature It does not melt at 100°, but becomes coloiued, and appears to do- 
oouiposo It reduces au alkahne cupric solution, hut only half as strongly os dextrose 
(1 at. parasaccharoae = 6at CnO; 1 at. dextrose =. 10 at CuO) It is not perceptibly 
altered by dilute sulphuric acid, oven at 100° ; hydrochloric acid weakens its rotatory 
power, turns the solution brown, and heightens its reducing power for cupric oxide. 

Faraglueose, This is the amorplious dextrorotatory sugar produced, together 
with p.vras.iccharose, as ahovo doscribed When dried at 16°, it has the composition 
H-'O. It IS hygroscopic, gives oil' ii.ilf its water of crystallisation at 50° atul tho 
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wliole at 100°, melting, and turning U'own at the same time Its specific rotatory poiver is 
about + 40°. It reduces alkaline cupric solutions less strongly than glucose, and .ilioiit 
as sti'ongly as milk-sugar (1 at p,anigliico3e = 7 at CuO). It is not porccptiblj 
altered by dilute acids, even with aid of heat, excepting tli.it its rotatory power is diiiii- 
nibliod to about + 32°, and its reducing action is increased to about that of gluco.so 
(Jodin.) 

SVGAB, IWVEBTBD. The mixturo of dextrose and ItCTiiIoso in equal numbers 
of atoms, produced by the tonsfomiution of cane-sugar under the influence of acids 
(11. 803). 

SVGAB or FKTTITS. This term is applied especially to the nueryslaUisahlo 
mixtures of dextrose and lajvuloso contained in many fruits Some frmts, however, 
contain crystaUisable sugars — viz , dextrose, saccharose, or tho two togothor (p, 468). 

SUGAB or IiBAD. Keiitral plumbic acetate (i 16). 

SVCAB-CAIiI'DV. Cane-sugar crystallised by slow evaporation. 

SUCAB-CAHB. Baccharum oftcinarum —This important grass, wlilch yields by 
f.ir the larger quantity of the sugar at present consumed, tlinvos only in hot climates. 
It has been knoivn in India and China from very early times, .and its eultivatioii 
appears to have been introduced into the West Indies m the fifteenth century. There 
aie several varieties of tho cane Tho longest known is the cicolo or common sugar- 
cane, which glows freely in every region between tho tropics on a moist soil, and even at 
an elevation oi 3,000 feot above the sea-level A superior variety is the Obihoitan cane, 
•B'liicli IS .stronger, taller, quicker iii growth, and much more productive in sugar Tho 
cano thrives best on o light rich soil, especmlly on ono manured with nitrogenous refuse. 

Tho fresh cane contains, according (o Wo .inalysos by Pdligot and Dupiiy ; 


Water . 
Sugiu- 

AVoody fibre) 
Salta ( 


. 721 
. 18-0 
. 99 
lOM 


72 0 
17'8 
f 98 


O'd 


lOO’O 


TIio creole cane of Havanna has boon analysed bypasaseoa (Ann. Oh. Phys. 
[3] XXV 321), witli tile foUowmg results : 


Water u'o’ '77'8'' 

Sugar and other soluble siihstancos . 12'0 16 2 11 '5 

Woody substance . . . 11 0 6 0 19 0 

100 0 100 0 100 0 

Ctisasoca finds that the juice is richer in sugar at the base of tho cane, and becomes 
gradually poorer towards tho top. 

The specific gravity of cane-juice vanes flum 1’046 to 1 110, but is generally from 
1 070 to 1'090, or from 10° to 13° Bm. It is opaque, frotliy, and of a ycllowish-grooii 
colour On boiling, a green scum rises, and tUu liqmd roiiiiuns of a pale-yellow colour. 
The green scum (dried) consists, according to Arcqiiin, of !50 per cent of a peculiar wax 
called cerosio, 10 0 green matter, 22 7 albumin and woody fibre, 3 3 calcic phosphate, 
and H'O silica. The pure juice contains 81 0 per cent water, 18 20 .sugar, 0 46 or- 
g.imo matter precipitated by lead-s.alts, and 0 35 .sahne matter. 

Tho ash of tho cane contains, according to Stcnhoiiee 
Si02 1^0' S03. CaO. MgO. KIO Na^O. KCI. N.iCI 

46’46 8 23 4 66 8 91 4 60 10 63 . . 7 41 9 21 = 100 

41-37 4-69 10 9 3 911 6 92 1I3-99 . . 8 96 2 13 = 100 

46 48 8 16 7 62 5 78 15 61 1193 0-67 . . 3 96 = 100 

60-00 6 58 0-40 6-09 13 01 13 69 1-33 . . 3 92 =. 100 

The proportion of salts in tho jnice varies considerably wtb tho sod on which tho 
canob are grown. ( JJres Dictionary of Arts, &c. in. 808 ) 

SVGAB-CAKTX:, CHIIirBSE. See Soltciio (p 364). 


SITGAB-ltEAPliB- Acer saccluiriimin . — Tho stem of this tree, winch grows wdd 
in many parts of North America, yields a sugar identical with tli.at of tlie cano. To 
obtain it, tho trees aio bored in the early spiing, and the juice, collected in vessels sus- 
ponded beneath, is boiled us quickly ns possible to provont fermentation. As soon as tho 
syrup flows from tho stirrer, in thick diops of tlie consistence of honey, it is stramed 
through a wooden sieve, then left to stand for eight or ton hours, clarified -mtli a 
little white of ogg, boiled, skimmed, and qiuckly evaporated to the crystallisiiig-pomt 
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StriPHACETAIHIDB. Ttug natnB is applied by E. Schulze (Zeitadir C!i. 
riiarm 18G6, p 73). to the compound ® ^ jE", produced by the action of aui- 

nioniiim-siilplude on obloracetanudo, the correapondiug acid, ) | O’, being 

called sulpbacotic B,e,\il{monohiI])hu!cis'dme) , but as this latter name has long bioii 
appi'opiiated to the acid, C’H'O’.SO’, produced by the action of sulpiliimo anhydride 
on acetic acid, it is hotter to designate Schulze’s acid as thiodiacetie acid, .and tlio 
amide as thiodiacetyl-diamide, a nametvhich expresses tliat the radicle, C^H’SO^, 
contained in it is derived from a double moleculo of acetyl, C’H’O*, by the substitution 
of S" for Hh (See Thiodiacetic acid.) 

BUEPHAOBTIO ACZB. O’H’SO’ = C’H^O’.SO’ | O’ = 

(C’H'O)"] 

(SO)" 10’ Glycolyl-etilphuronsadd. Sulplio-essigaaure. Esaigschmefsdure. (Mel- 

sons, Ann Oh Phys [3J, v 392; x. 370. — ^Bnektou and Hofmann, Chom Soe. 
Qu. 1. ix 247 ) — Tliis acid is produced- 1 By the action of sulphuric aiihytode on 
acetic acid G-laoial acetic acid is gradually saturated tnth sulphiu-ic anhydi-ido, tho 
liquid being cooled after each addition ; tho mixture is diluted inth wnter, and neutra- 
lised with load-carbouate ; the filtered solution is evaporated to the crystailising-poiut, 
and from tho lead-salt thus obtained, the sulpliacetio aeid is separated hy suliifiydrio 
aoid (Molsens),— 2 By the action of fuming sulphuno acid on acetamide or acetoni- 
trile (Buokton and Hofmann). 


This is tho reaction which chiefly takes place when tho materials are gradually mixed, 
and the mixture is cooled from time to time , if, on the other hand, the temperatm-o is 
allowed to rise, carbonic anhydride is evolved, and disulphomethoho acid is produced, 
instead of sulphacetio acid, accoKliiig to the equation : 

C’H’N -e BH’SO’ = CH’S’O’ -e NH’HSO’ + CO’. 


anhydride, is converted into disulplioraetholic acid (Buokton and Hofmann ) 
Sidphaoetio acid is dibasic. Its salts are all soluble in water, tho burium-salt being 
the least soluble , tliey are insoluble in alcohol When hooted with strong aulphurio 
sold, they give off carbonic and sulphurous anhydrides 
Sulphacetate of Fotassium, C’H’K-'SO’ H’O, is deposited from a hot solution on 
cooling, in small, hard, easily pulverisahle crystals — ^The haniim-salt, when puro, forms 
small opaque cry.stals, C’H’Ba”S0‘ JH’O, which give off a thud of their water at 100°, 
and tho whole at ‘250° — The lead-salt, C'H’Pb''SO’, is deposited, sometimes in radiate 
groups of short transparent needles, sometimes in op.iqn6 nodules, which do not retain 
any water at 120°. — Tho silver-salt, C-=H’Ag’SO’, is deposited from a boiling saturated 
solution m small flat prisms, bevelled at the ends In tlie iiiotlier-liquor obtuinod iii 
the preparation of this salt by saturating the acid with silver-oxide, Melsons found a 
salt containing CH’Ag’S’O’, doubUess disulphometholate of silver 

(C’H’)"i 

SUBPHACETlTBEirZC ACIS. Acd oh ef jc. C’H'SO’ = (SO’)" >-0’. 

H’ ) 

(Kiimmerer and Garins, Ann. Ob. Pbarm. cxxxi 166, Jabrosb 1864, p. 326 ) — 
This acid, isomeno with siilpbacetic acid, is produced by heating 1 at argentic sulphate 
(mixed with glass powder) with 2 at. chloride of acetyl to 120°, and treating tlie pro- 
duct with water . 

+ 2(0’H’OC1) = 2AgCl + 
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By neutralising the — _ i. . ,i deconiposinj; the filti'ate 

■with snlphydne acid, 'unin, the siilphacetylojue iieid is obtained 

ns a Tiscid liquid, ivhi ■ _ into snlplinrii' and acetic amis. "With 

pcutachloi'ido of phosplioiiis it first yiuUla Bio chloride, (irhicli boils at 

ISO®, and is rosolvcd by ■w.iter into hydiocbloric and sulphacetylonio acid), and then, 
as final products, chloride of chloracetyl *■ and clilorido of sulphuvyl . 

Owj-O’ + 2PCP = + 2B001’ + 2H01. 

Buljilucety- Snlpb-jcfttjle- * 

By this behanoiir, according to Kammerpr and Carius, sulphacotylenjc ncid is distin- 
guished from Bulpimcetic acid they do not, however, state distinctly lu wli.it nuiiiier 
tlie latter acid reacts with pentaohlorido of phosphorus. (Compare SoLpnoBENzyLEijia 
Aoid.) 

SiUphacotylenic acid is dibasic — Tho poiassimn-salt, C“H“K“SO“ II-’O, is easily 
soluble in water, and crystallises in needles and short prisms — Tho hanum-iuH, 
C-H®Ba"S0’.H'0, is somewhat sparingly soluble, and crystidfrses in bard right rhombic 
pirisms. 

StrZi^HAItlSTBiribAN'E. Syn with blETHri-ic Solfbamath f p 477) 

ao'l.I'HAiVtIc ACID. NH”SO’ = |o = (SO^)"|q— T his com- 

pioiuid, tho ivmic acid of sulphtuic acid, is not kiioivn lu the free state, that is to suy, 
ns a hydrogen-salt , but the so-called anhydrous sulphate of ammonis, called “snlplmt- 
ammou” by H. Bose, “suljihamide” byXliimas, is probably its neutral uuininuium- 
salt. 

Neutral Sulphamate oj- Amy.omim, N^H'SO’ = 2NH“SO> = (!30*)'7? 

n Bose, Pogg .^n xxui. 81, xlvii 471, xltx. 133 )— This suit is produced when 
dry ammonia-gos is passed over a thin layer of sulphuric aiihydnde, caie being talcon 
to renew the surface froquontly by scraping, as otherwise the lower portions will not 
be attacked by the aTnmonia. The product is a white crystalline powder, having a 
bitter taste, and perfectly neutral if it does not contain either free anunoina or tree 
sulphuric anhydride. It is permanent in the aw, dissolves without sensible decompo- 
sition m 0 pts of water, and is insoluble in alcohol Tho dry salt is decomposed by 
boat, giwng off ammonia and sulphurous auhydrido, and leaving a residue of sulphate 
of ammonium. Platiinc chloride added to tho aqueous solution, throws doivn half the 
nitrogen ua ammomum-chloroplatinate The caustic alkalis and their carbonates 
docomposo the salt, even in the cold, with evolution of ammonia The .iqueoua 
solution IS clouded by chloride of bamtm, the pireeipituto giudually increasing on 
standing, and especially if the liquid be heated , hut tho precipitation is never complete, 
not more than half the sulphur heiug separated an sulphate of barium. 

The aqueous solution, evaporated over ml of ntnoliu a vacuum, yields transp.iroai, 
colourless, hemihedral cijystals, belonging to the quadratic system These crystals 
h.ave exactly tho same composition as the ongiiml piUverulent salt, and Were therefore 
designated by Bose as parasulphataranion They doubtless consist of the pure 
neutral siilpliaiuate of ammonium, quite free from adhering sulplumo acid They 
dissolve in water more easily than the original salt, loiming a perfectly neutral 
solution, which leacts in the same manner with platiinc chloride, hut gives no precipi- 
tate with chloride of barium, exeopt after prolonged boding. 

Tho mother-liquor of parasulphatammon y.olds, by further evaporation, a hydrated 
salt, 2N-H*SO" H’O, in indistinct deliquescent crystals, very soluble in water, and 
n-vhihitiug signs of decomposition, as their solution is faintly neid, and immediately 
gn es a slight precipitate inth chloridB of barium 

AoidSulpkauateoJ Am inomuM, N^H“SO’ TfH'SO*. — ^Produced, simultanoously 
with the neutral salt, as a hard vilreons mass, which doliquescos rapidly in the air. 
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and dissolyea m water with a liiasing noiac (H Hose) According to Wornnin 
(R4p. Ohini. pure, ii 462), an iirpouus Bolution of the neutral sulpiamato left to 
eraporate in the air, yields an abundant crystaUisatiou of tho acid sulphamate Ita 
Bolution is not precipitated by chloride of barium, excepting after neutralisation with 
ammonia {infra) 

Sulphamato of Harium , — ^When a solution of tho neutral ammonium-aalt is 
mixed with an exactly equivalent quantity of baiyta-wator, ammonia is evolved, 
and the filtered liquid yields crystals of an ensdy soluble borium-solt 
The precipitate formed by chloride of barium in a solution of the acid ammoniuni- 
salt mixed inth ammonia, consists of a basic sulpkamate of hariam, which, when 
treated with the proper quantity of sulphuric acid, yields a precipitate of banum- 

Bulphato and a solution of neutml barium-sulphamate, ■= (SO’)- 

Ba"P 

This salt forms weU-doveloped crystals, sparingly solnhlo in cold water, and id 
decomposed by hot water, with formation of barium-sulpliate CWoronin ) 
Sulphatmte of Potassium, obtained by decomposing the barium-aalt with sniphato 
of potassium, forms small transparent crystals ; on addition of horium-ohionde and 
ammonia to its solution, it is couverted into basic snlphomato of bannm (Woro- 

ETHBRB. Methylic Sulphamate, or Sulphamcthylane, 
CH‘NSO“ = (SO')"|q — This compound, wliich has tlie compdfttion of anhydrosul- 

phate of methylamine, is formed by dissolving methylio sniphato in aqueous ainraoiim, 
and orystaUises, by evaporation in a vacuum, in large, very deliquescent crys- 


Pbenylsulpbamlo or SulpbaniUo Acid, CH'NSO’ = (SO=)"Vq or 
H )(SO^iQ^ (Q-erliardt, J Pbarm. [3], x. 5 — Buckton and Hofmann, 
Chera. Soc Qu J, ix 2S9 — E Schmitt, Ann Ch Phami. exx 129) — This acid, 
isomeric with amidosulphobonzolio acid, C“H*(N11*)S0'*, is formed hy tho action of 
sulphuric acid on amliuo, or on oxanilide (plienyloxanude) 

+ 2H»SO* = 2C“H’NS0‘' + CO + CO» + H’O. 

Oxanilide Suliihanlllc 


Preparation — I. From the mixture of oxanilide and formamlide obtained by heat- 
ing oxalate of aniline (iv. 427) This mixtm’e is made up into a thick paste witii 
strong sulphuric acid, and gently heated as long as effervescence continues, then 

X cd to moist air in a shtdlow dish, till it solidifies to a crystalline pulp of sulpha- 
acid, which may bo purified by washing with cold, and recrystallising from 
boiling water (Q-erhardt). — 2 By dissolving aniline in a slight excess of sulplnirio 
acid, evaporating to dryness, and heating the residue with constant agitation, ns long 
as vapours of aniline (?) continue to escape The product is purified as before (G-er- 
hardt). — Schmitt mixes 1 pt of aniline by drops with 2 pts. of fuming sulpbiu'ic 
acid in a porcelain dish, heats tho brown syrupy liquid till it becomes dark-brown 
and gives off a largo quantity of sulphurous anhydride , and poms the thick syrup 
when cold into cold water the suliilianilic acid then separates as a black ciysbillmo 
mass, which may he pmufled by repeated recrystaUisntion from hot water, with 
addition of animal charcoal This, according to Schmitt, is the best mode of preparing 
sulphaniho acid Gerhardt, on the other hand, preferred the preparation from oxam- 
Me. 

$-Sulplmmlic Acid — Lauront (Oompt. rend, xxxi 538) ohtainod an acid, having 
tlie composition of sulphanihe acid, hy treating mtrosulphobenzoato of ammouium with 
sulphydrie acid. Kolb e (Ann. Ch Pharm exiii 318) suggested that the acid tiius 
obtained was not identical, but only isomeric, with Gerhaidt’s snlphanihc acid , and 
this supposition has been corroborated by Schmitt, who has pointed out soveral 
differences in the characters of tho two acids and Ihoir salts {infia) Kekuld 
{Lehrhuoh, n 606) regards it us probable that Laurent’s acid is the true phenyUul- 
pliamic or sulphanihe acid, and that tho acid produced by the action of sulphiu-ic acid 
on aniline or oxanilide is amidosulphobonzolic acid. Till this question is satisfac- 
torily decided, it may bo convenient to designate Laurent’s acid as /3-sulphamlic aoiil. 
Schmitt prepares this acid by mixing 1 pt. of nitrobenzol witli 5 or 6 pts. of fuming 
sulphuric acid, leaving the mixture for several days in a warm place, and .shaking 
It frequently till all tho mtrobenzol has disappeared. The viscid mass is then 
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nontrahsoS with carbonate of lead , the colonrlcas aointion of plumbic nitrosulpliobcn- 
zulata, obtained by boiling and filtering the liquid, is decomposed by sidpliydnc acid ; 
tlia liquid, fllteml from lead-snlpludo, is neutralised with carbonate of barium , and 
tho rcsidtmg barium-salt (whieli separates m warty crystals) is dissolved ill a large 
quantity of water, and mixed with a large excess of baryta Snltibydnc acid gas is 
then passed into the hqiiid, till tho taste of tho nitro-acid is completely removed , and 
the liquid, filtered from hyposulphite oi bannm, is again treated with sidphydiic acid. 
The flltorcd solution of the harium-aalt, treated with an exactly equivalent quantity of 
Bidphurio acid, yields tho aqueous /3-siilphanilic acid, which may be obtained in crys- 
tals by ev.aXioration. > 

PtopcHtes — Sulpbanihc acid (from aniline or oxanihdo) crystallises from hot water 
in shining rhombic plates, contaiimig, according to Schmitt, C“II'N80=H’0 It is 
slightly soluble in cold water, 1 pt. [of the anbydrous or hydrated acid?] dissolving 
in 1 28 pts of ice-cold water, and lU 112 pts nt 15° (Schmitt) , still less soluble jn 
alcohol (O-orliardt), insoluble in alcohol and in ctlior (Schmitt) Erom a coiieeu- 
trated eolnlion of a snljihanilate, it is jirccipitatcd by acids in slender needles 

The crystals give off tlicir w.iter partially on exposure to tlio air, comp) etely at 100° ; 
tho effloresced acid, if exposed for some time to tins temperature, assumes a brownish 
colow, but m.iy be lioutod to 220° without decomiiosing At higher tomperatiires it 
decompoBcs, leaving a carhonaceous residue, and giving off Bulpburons anhydride , also, 
if distilled in a retort, sulphite of uiiibne, which crystallises in tho receiver Heated 
With a solid caustuvalkoli, or with pot.ish-lime, it gives off aniline and leaves an 
alknhne sulphite Heated \nth strong mine and, it evolves .i huge quantity of gas, 
and torins a deep red liquid, but no ovysUds (Qerliardt) Its aqiiooiis solution is 
coloured red-brown, intboiit pirocipitation, by chrnmie and Chlonne-uintoi' colours it 
]iiilo-crimson, gradually changing to red-hroivii (Gerliardt) Aoeoidiiig to Rehmitt, 
the iiqneous solntaon is not altered eitlirv by chlorine or by iodine H/ mine, added 
oven to a dilute solution of tho acid, ronderspt milky, and tteows down, after a while a 
whito ciu’dy jireeipitato (Gerliardt), Eroiu a hot solution it tliiows down white 
interlaced needles oftrihrora aniline 

CH'NSO* + Br« = CWBr’N + SO* + SHBr. 

Snlphanlllo Trlbroraani- 

If only i at. bromine be added, dibroinosulphanilio acid, C'H*Br*NSO’, is 
likewise formed, and remains dissolved (Schmitt, p. 479) — With mtroua acid, it 
forms diazoBulphohonzolio acid (Schmitt) • 

2C»H’NSO’ + lt*0* = 2C»H*N*SO* + 3H»0. 

Sulphanillc Dlamsulnlin- 

acM. bsiwolio add. 

fi-Sulphanihc acid crystaUisos from its aqueous solution by evaporation in long 
pointed crystals, whidi contain 20“H’NS0*.3H.*0, give off their water partially .it 
otdittaiy toroporatnres, completely at 100°, and becoming white and opaque It is in- 
soluble in etlier and alcohol, easily soluble in hot water. With Iromine it behaves 
somaw'lut differently from snlxihamlic acid, inasmuch as, tliough its concentrated 
solutions are rendered turbid by bromine, tbe liquid filtered therefrom does not 
give tiny precipitate with chloride of barium, .as is the case with that obtained in like 
manner from sulphamlio acid (p. 479) 

Sulphanilates.— Sulphamlie acid is a strong acid, and decomposes carbonates 
with effervescence. Its salts arc soluble and crystallisable , thoir solutions give, with 
chiuimc acid and brommo-water, tho same reactions as the free acid. The /3-snl- 
phaiiilatos differ from the sulphanilates in oiyslalluie form. (Schmitt ) 

Sniphaudate of Amnwm.uu, C"H“(NH')lfSO*, is very soluble, and crystallises by 
spontaneous evaporation, m shming rectangular plates— The aniline-mlt is very 
soluble. — The barmm-ialt forms rectangular prisms, moderately soluble in water — 
The ctipnc salt, C'*H'*Cu"N*S*0''.4H’0, forms small truncated prisms of a very dark 
green colour, winch retain their water at 100°. — ^The silver-salt crystallises in shining 
scales — Tho sodmm-salt, C“H“l!raNao*.H*0, crystaUises from aqueous solution by 
spontaneous cr.ipQr.ation, in fine octagonal plates, insolnblo in ether, but soluble lu 
boiling alcohol, whence it erystalhsos in white needles. 

Pibi oinosulphumlicAcid, C'H^Br'HSO” (Schmitt, loc. cit ). — ^Produced when 
4 ttt. bromine are added to a hot solution of 1 at. sulphauilie acid 
G'H'NSO* + Br* »= C«H»Br«NSO* + 2HBr 
It remains in solution , is separated by filtration from the tnbi’oinaiiilino formed at 
the same time (p 178) , iireeipitatcd as a b.iriiim-salt by addition of liiirmiu-ohloride , 
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and from this salt, piirifled by recrystallisation, the dibromosnlphanilie acid is sepa- 
I'dP'd by sulphuric acid. 

Dibruniosulphanilie acid crystallises from aqueous aolntiou in large colourless 
prisms, which contain 2C'’H“Br'NSO’ 3H^O, and giro off tluiir water of crvetallisa- 
tioii gradually at ordinary temperatures, mote quickly at 110°, bocoming dull and 
opaque It dissolrea readily in awtcr, whether hot or cold , sparingly in cold, moro 
easily in hot alcohul. The concentrated aqueous solution, mixed with a Bm.vU 
quantity of oil of ntriol, immediately yields the pure acid, in the form of a network of 
needles The aqnoous solution has a rory sour and cooling taste . it gives a crystalline 
prceipit.ite ivith cliloruU of banum, acetate of had, and mtmte of stiver. A eoucon- 
tratod solution warmed with zinc, gives off hydrogen, forming a zinc-salt, which 
separates out The dehydrated acid bears a heat of 180° without alteration, 
but decomposes at a somewhat higher temperature, yielding tnbromnjuliue and aul- 
plnu'ous anhydiido, and leaving u difficnltly combustible charcoal It also gives off 
tribromauiline (not dihromanilmc, .is might be expected) when heated with potash or 
slaked lime The aqueous solution is coloured brown by cMorine, and on heating the 
bquid, a pungent oil separates out . — Nitrous aetd passed into the aqueous solution 
coiireits the acid into diazo-dibromosulpbobonzolic acid, C“H'^Br-’N’SO“. 

The dibromosulphiinilatos eiystalliso in needles, and are more or less soluble 
ill water — The banum-snlt, C'^H*Ba"Br''N-S20''.2H*0, prepared as above, gives off its 
water at 110° without alteration of appear.ince, and does not decompose till very 
sti’Oiigly heated. — The lead-salt, C'*H“Pb”Br*N-’S''0‘' 2H-0, is permanent in the air, 
and gives off its w.iter at 110° — The silvei-salt, C“H''AgBr*NSO”, foiins somowli.it 
reddish needles —The poiassmm- and sudiim-salts, obtained by decomposing the 
corresponding carbonates with the aqueous acid, are sparingly solublo in alcohol, and 
separate in needles on addition of alcohol to their aqueous solutions. — The einc-sult is 
obtained, as above mentioned, by the action of the acid on metalbc zinc. 

o«Hn 

Phenyiaisulphamlo or DisulpHanUfo Add, C»H’NS°0“ = 


(Buokton and Hofmann, Chem Soc, Qii J. ix— Cnrius, Zeitschr Ch Pharra. 
1861, p 632 , Jahresb. 1861, p 634.)— -Two acids having this composition have been 
obtained, viz — o. By hoatmg snlphanilio acid (p. 477) with fuming sulphuiie acid to 
160° or 170°, for six or sovon hom’S, till it assumes the consistence of treacle. On 
dissolving the syrupy residue in water, saturating with carbonate of barium, and 
evaporating the filtrate, a barinm-salt is obtained, which after repeated solution lu 
water, and evaporation under reduced pressure, remains as a muss of microscopic 
crystals, having, when dried at 1S0°— 200°, the composition, C'‘H'“Ba"NS’0‘, showing 
that the acid is dibasic Prom the lead-salt, prepared in a similar manner, tlie tree 
acid, C“H’NS*0*, may be separated by the action of sulphydno acid. It has a very 
Hold and pungent taste, is very difficult to crystallise, and is insoluble in alcohol, 
which precipitates it from strong solutions in white grams, ospeeialljr on addition of a 
little ether. — ^The silver-salt, C®H'Ag-NS''0“, prepared by neutralising the aqueous 
acid with carbonate of silver, crystallises from aqueous solution in small plates, and is 
precipitated by ether-alcohol in colourless eiystalline grains. (Buokton and Hof- 

0 By the action of ammonium-sulphite on mtrohenzol (Carina): 

C“H‘NO« + 3(OTI*)«SOs = C“H‘(NH<)2NS=0“ + 

NItrobon- ^-lUaulphonllate ol 


(NH^)»SO‘ H 

ofXmo- 


Whon 1 at. nitrolienzol and 3 at neutral sulphite of ammonium are boiled together 
in dilute nlcohobe solution, for six or eight hours, m such a manner tliat the condeuaad 
vapours may flow back again, and tho resulting solution is evaporated, sulphate of 
ammonium, separates out first, then laminar crystals of U-disulphanilate of ammo- 
lunm, which are difficult to purify. It is best, therefore, to convert tlua salt, by 
treatment with baryta, into the hanum-salt, C“H*Ba"llS''0“ This salt is easily, 
soluble 111 water, insoluble iti absolute alcohol, and crystallises in colourless prisms. 
It may be boded, without docomposition, in neutial or alkaline solutions, as also may 
tho other salts of the same acid ; but on attempting to separate the B-disulphanilic 
acid from them, it splits up, by assumption of 1 at water, into anihne and sulphuric 

CHWO" + 2H=0 - C'H’N + ' 

This decomposition, and the dissimilarity of tho barium-salts of tho two aoida just 
described, shows that these acids aro not identical, hut only isomeric. The latter, 
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from itsmodo of formation, and the mode of doeompositioji just mentioned, is probably 
C«H*\ 
f 80*11" I bf 

the true phenyldisnlphamic neid, /goi^iroii’ whereas the fomor, resulting from the 

acOon of sulphuric neid upon andino (amidoheuzol), may rather he regarded aa .imido- 
diaulphobenzolic acid, C'‘ff(NH»)S^O'-. 

(OH'V'lxro 

Ptaenyldlsulpbodiamlo Aold, O'H'NnS’O'' == (SO'^Vqj — Dithohensohc 

Acid. (Hilkenkamp, Ann Ch Phnrni. xcr. 86 ; Jalirosh, 1865, p 036 )— Produced 
as an ammonium-salt, by the action of sulpluto of ammomum on nitrobouzol, probably 
Containing dinitrobcnzol 

-1- 6(lJH0*SO« = G»H«(NH*)»N-S=0'' + 4(NH0=SO' -i 2NH’. 

The materials (80 grms, nitrobenzol, 340 gnus dry sulphite of ammonium, and 1 btro 
of anhydrous alcohol, together -with a little carbonate of ammonium, to keep the mix- 
ture alkalipe) were cohobated for several hours, and the liquid decanted from the 
sulphate of ammomum, which separated, was evaporated to an oily consistence , it then 
deposited a large quantity of white Inminte (doubtless consisting of plionyldisulpliaiu- 
ate of ammoiiium), together with a small quantity of hard slender needles, consisting 
of the plioiiyldisiuphodiamate, C‘’H‘'(NH‘)*^N“S'’0®. Tins salt is vary soluble m u titer 
and m aqueous alcohol, sparingly soluble in absolute alcohol, insoluble in other , when 
heated It chars, swells up, and emits the odour of sulphurous acid Its aqueous 
solution IS slightly acid. 

All the phenyldisulphodiamutes are easily solnhla. The barhm-sali, 
CH'Bn'WS’O', obtained by decomposing the ammoinum-salt with baryta-wator, 
forms orj'stttlline crusts, insoluble in alcohol and ether. 


Benzyldlsnlphamlo Aold. 


C-HWO” 


C'H’ w 

= myldiaiUiharnio A(.id 


Thiotolvdsaure. Disutfwyl-toluyhuure. (Hilkeukamp,(oo. cif.— Garins, Zeitsclir. 
Oh. Pharm 1861, p 632 ; Jnhre'sb 1861, p 634.) — Obtained in the same manner as 
phenyldisnlphamic acid, by the action of ammomum-sulphite on mtrobeuzyleno (nitro- 
tolnol). According to Hilkenkamp, the anmomum-salt, which is the du’oet product of 
the reaction, has the composition 0’H\NH')NS*0° ; and the potasaium-salt, obtained 
by decomposing it with potash, contains 0’H“KNS’0'‘; which would imply either that 
the acid is monobasic, or that these are noid salts. According to Oarius, the banum- 
sidt, obtained by decomposing tbo aramonium-snlt with baryta-water, has the composi-' 
tion C’H'Ba'IilS’O”, showing tliat the aeid is dibasic, like phcnyldisulphamio acid 
The otherhenzyldisulpharaatcB resemble the corresponding phenyl-compounds (p 479), 
and the acid, when separated from tlioju, splits up in hko manner into sulphuric acid 
and benzylamine. (Oarius) 

C»H‘‘ )vr 

Cumenyldlsulplitimlc Aold. C“H'*NS*0® = (SO“)’i.Qa. JDiatilfm yl-cumnyl~ 

sSure, (Oarius, loo cit ) — ^Prepared in liko manner from nitrociimol The salts 
aro similar to the pheuyldisulphamatas, the haruiiu-sult having the composition 
C*H"I3a"NS^0‘, and the acid separatod from it is resolved in like manner into sulphu- 
ric acid and cumenylamine. 


SirUPHAMIDB. In*.— A ccording to Eegnault (Ann Oh. Phys, [2] 


Ixxix 170), this body is produced, together with sal-ammoniac, when dry ammonia-gas 
is passed over sulphuric chloride, 80*01* ; hut, according to H, Rose, the product thus 
foraied IS a mixtine of sal-ammoniac and neutral sulpliamata of auunonium (sulpha- 
tammon). 

StriiBBAjaiSIC ACIS. See Stoshazotisbd Acids (p, 482), 


Si:rx.PBAiwx»0Z2EiigrKA]n;iiirB. C’H'’N*S-*^®fl"|Nb (Hofmann, Ptoc Roy. 
Soc. X 598.) — This base, metamorie with phonylsulphocarhannde, [(CS)"(0*II*)fI’]N* 
(i 766), and analogous to Chancel’s oxjheuzodmmide (i. 766), is produced by 
the action of ammoninm-sulphide on nitrobcnzoiiitrile, G’n’iNO’)!!. ‘Wbeu tins 
compound is boiled with an aqueous solution of nmmomnm-sulphide, a large quantity 
of sulphur sepanitos at first, and on evaporating the liquid, a yellowish ml is deposited, 
which solidifies but imperfectly, and is diffieult to purify Tins oil is a weak base, 
having the composition of amidobonzonitrile, C’lPN* = C'S'(NII*)N, and by 
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prolonged contact with ammonium-aulpliide, it is gradually converted into sulphamido- 


CW(NO»)N. + 

Nltrobonzo- 


Sulphamidobenzamiue is very BolnUo in aleoliolandia ether, and ciystaUisos from hot 
wiiter in white shining needles. It dissolves easily in acids, and is precipitated 
therefrom by potash and ammonia It forms a cryslallisalilo hydrochlorate and an 
orniige-yellow orystaUma chloroplatinate. 


Stri.PHAiail>0CH1.0»0BEW3t01C ACID. G’H*Cl(NH“)SO».— When chlor- 
amidobenzoio acid, C’H'' Cl(llH“lO* (obtained by the action of potassiiun-eyamde on 
ethylic chlorobenzoate), is treated with strong sulphuric acid, and the diluted solution 
13 boiled with barnun-oarbonate, sulpli amidochlorobonzoate of barium, 
C’H“Ba"Gl(NH*)SO’, is produced, and separates from the solution in nodular groups 
of crystals. (D Cunze and H Hiibner, Ann Ch Pharm. cxsrv. 100, Jahresb. 
1865, p 330.) 

SUZiFHAnilSOKrzo ACID. A syrupy deliquescent acid, produced by tritu- 
rating starch with strong sulphuric ncid. Its salts are all amorphous, deliquescent, 
easily soluble in water, and very unstable, so tli.it their composition is difficult to 
determine. The ccUcium-aali appears to contain G'“H"'Ga''O*t2S0h (Gm., iv. 104. 
— Gerhardt, ii 549 ) 

SUX.FBAmMOIl'. Syn with SULPHA.TAMMON. 

StnPKAMlttOKlO ACID. See Sulphazotised Acids (p. 482). 

StrDFHAntYDIC ACID. See SmsPHUEio Ethebs. 


SUDPBAIf. A name proposed hy Graham for the radicle SOt 
SVIiPKAnBTBIC or SDDPHAITSTBOXIC ACID. Af acid produced by 
the action of sti'ong snlphurio acid on anise-camphor (i 297). Its soluble salts colour 
feme solutions deep violet, almost black. The barium-salt appears to have the eompo- 
sition Ba"0 2(0'"II'’0.S0®) (Gerhardt, J. pr. Chom. xsxn. 267.) 
SCDPHAmDIC ACID. See Sulpuamio Aoid (p. 477). 

StIXPHAWlSiC ACID. See Anisic Acid (i. 303). 

SUXPHAWISOXIC ACID. 0’H“SO* > Prodnots formed by the action of sul- 
SUXPHANISOllDB. C»H'^SO' $ phurie acid onanisol (i. 306). 


SUXPHAWTISIOirATBS, ) ANTiMOirr, SuLPHTOKS OF (i. 334, 336). 

SWlPHAKrTIMOKTITES. > 

SDBPHARSBMrATES. ) AbsBNIO, StoPHIDES OF (l. 388, 391). 
BUXPHABSEIS'ITES. ) 

StrXiPKABSrH’. Syn. with Soiihidb of Cacodvd (i. 409). 
SDEPHASATHirDB or SCftPHASAXYDB. Syn. With SuLPKiSATVDB. (See 
IsATVDH, in 411.) 

StrXPHATAWCMOW. Neutral sulphamato of ammonium. 

StriiPHATES. See SuLPiroE, OxYGEN-ACnis of. 

SUliPKATOXVGEW. Syn. with Suepuan. 

SUEPKAZABIC, SCXPHAZIDIC, SWBPHAZIDIC, BCXPHAZIIVOVS, 
and SUtPSAZIWIO ACIDS. See Soiphazotishd Aetna 

atll.PHAZOBBM'ZOTrX, HYDRIDE OP, Thiohmzald.m 0”H'''NS*?— A 
product of the action of ammonia on hydride of thiohenzyl or sulphide of stilbeno 
(1, 671)- 

3G’H“S + NH» = C='H'»NS» + ffS. 

On mixing 1 vol bittor-alinond oil dissolved in 4 or 6 vola ether with 1 voL ammonium- 
sulphide, and leaving the ether to evaporate in a shallow vessel, the compound eepa- 
rates in large crystals, which melt at 123°, dissolve in 20 to 30 pts. of ether, and aro 

Von.V. 11 
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decomposed by boiling alcohol, with evolution of sulphydno acid. (Laurent, Ann. 
Ch. Phya [3] xxxvi. 342 ) 

SUIPKAZOTISED ACIDS. (Prdmy, Ann Ch Pliys [3] xv. 408 , Handw. 
ni 679 )— A scries of acids, the potassium-sjts of which are formed by the action of 
sulphurous anhydride upon a solution of potassiiini-nitrito contiiniiug a largo excess of 
free alkali. Sulxihurone anhydride combines with the elements of potisaium-nitrite and 
water in several jwoportions, forming compounds which ciystjUiso leadilv, and in which 
neither bulphurona nor nitrous acid can bo detected hy the uauiil tests. The solutions of 
theso salts form, with salts of barinm, xirecipitates containing the corresponding acids 
These compounds aie all decomposed by boiling their solutions, ammonia and sulphuric 
acid being found among tlio products , some of them even experience a similar decomposi- 
tion at oi’dinaiy temperatures 

The derivation of some of these salts from potash, water, sulphurous and nitrous 
anhydrides, may he represented hy the following formnlse ; 

Sulphiizite of potassium, 3K’0 S"HWO” = 3K^O + N-0* + SSO’ + 3H-0 
Siilphazato „ 3K’0 S'HWO" = 3K^O + N’O" + 4SO» + 3H^O 

Sulpliazotate „ 3K^O S’H»N-0'“ = 3K^O + -I- 6SO“ + SffO 

Sulphammuuate „ 4K“0S«H“N'0” =. 4IC'0 + + 8SO^ + 3H=0 

Sulphmmonaie of Fotasdum is formed by mixing the strong solutions of nitrite and 
sulphite of potassium , it is then deposited m heautifol silky needles — The sidphazate 
IS formed by the action of sulphurous anhydride on nitrite of potassium in alkaline 
solution , the sulpkazite hy the action of water on the siilphazato , the sulpkazotate 
aoparatos in largo rhombohedrnl crystals, on evaporating an aqueous solution of the 
Biuphiizate. Neither of these acids can exist in the free stale, ? c ns hydrogeu-salts 
FrAniy also desonhes —Meiasulpliasotate of potassumi, 3K'0 S'H'N’^O'", formed, 
together with the snlphazotato, by the action of sulphurous anhydride on nitrite of 
potiisbium acid not isolated — Sulphasiliie, K'O S^HNO, produced by the action 
of Bilver-oxide in the cold on a solution of the neutral aulphazotata ■ acid not isolated — 
Metasvlphasihte, 3K’0 S®H‘N*0“, formed in like manner at the boihng heat — Sulpha- 
midate, K*0,S*H“N0*, formed from the sulphammonnte by the action of water, acid 
not isolated — Sidphasidieactd, 2H*0 S'^HWO’, is obtained by decomposing the barinm- 
salt (tho mode of preparation of which is not given) with an equivalent quantity of 
sulphuric acid. By saturating it with potash,. the potassium-aalt, 2K'^0 S'E^N^O', is 
obtained in ragnlar sii-sided laminae 

SiniPaBBATYDS. Syn with Distopeisatydii (hi. 412) 
sniiI>BIDBS and avZiPHTDItATBS. The term sulphide (formerly sitl- 
phiret), in its widest sense, includes all compoimds in which sulphur forms the elec- 
tronegative constituent. Sulphur unites m this way with all the metals, with most of 
the non-metalbc elements, and with many organic radicles. The sulphides are, for the 
most part, analogous m composition to the oxides, and, like the latter, may be divided 
into acid and basic sulphides, or sulphur-acids and aulphur-hiises, which are capable of 
uniting together and forming sulphur-salts To the class of acid sulphides belong the 
sulphides of the non-motaUic elements, and those met.ilho sulphides which are soluhle 
in sulphide of ammonium — viz., tho sulphides of antimony, arsenic, tin, molybdenum, 
tungsten, vanadium, gold, and platinum , the other metallic sulphides and the sulphides 
of the alcohol-radicles are basic 

Metaiiio SuLPHiPBS. — ^Precisely as We have oxides and hydrates formed on 
tho type of one or more atoms of water, so we have sulphides and snlphydrates 
derived from one or more atoms of sulphydric acid The more or less basylous 
sulphides, like their corresponding oxides, m.ay bo divided into three principal classes, 
moiiiitomic, diatomic, and triatoraie, formed respectively on the typos of one, two, 
and thipo atoms of sulphydnc acid The first class includes hcmisulphides and proto- 
snlphidos, with the eorrespouding snlphydrates Hemisulphido of nickel, Ni‘-S, sul- 
phide of zinc, Zn“S, and sulphydrate of aoduim, HNaS, may be taken as examples. 
Tho second class includes disulphides and disiilphydratcs. Disulphide of platinum, 
Pf'S'", and sulphydtate of banura, Ba"H'S’, may be taken as examples The third 
dass includes the trisulphidea with their corresponduig sulphylrates, suoli as 
tnsulphide of bismuth, Bi’S’, and trisulphide of chromium, Cr“S“. It is 
observable that while the trioxides constitute a most important class of oxides, 
the trisulphides are a very unimportant class of sulphides. As a rule, they do not 
occur native, ore scarcely salifiable, and do not. result from the ordinary analytical 
processes which piodnce tho other motallie sulphides with such facility 

The sulphides differ mneh from one another in the rapidity and completeness with 
which they are decomposed by acids 'Wlien finely pulverised, they are all decomposed 
more or less perfectly hy hydrochloric acid gas, but some of them .are attacked very 



SULPHIDES AND SULPHYDRATES. 483 

slowly by the boiling liquid add All salifiable solrliides, however, behave like their 
correspoudmg oxides, when decomposed by liydrodiloric acid, and yield one atom of 
Bulpbydrio acid for every atom Of sulphur m the sulphide, thus . 

Fe"S + 2HC1 « H=S + l?e"CP. 

Su=Ss + 4HC1 = 2H’'3 + 2Su''01>. 

Sb’S* + 6HC1 = fill’s + 2Sb“'Cl». 

With reference to tlio distinction between sulphides and snlphydrates, it may bo 
observed that the sulphydrates of the basylous metals — ^lithium, sodium, potassium, 
calcium, strontium, bonum, and magnesium— are well-defined compounds, which dissolve 
in water, forming coloiu’less solutions. The solutions of the sulphydfates of magnesium 
and calcium are decomposed by ebullition, with evolution of sulphydnc acid, thus . 
]yig''H’S’ + 2H’0 = Mg"BPO' + 2H’S. But the other sulphjdrate solutions may 
he evaporated down, whereby they yield colomdess transparent crystals of their 
respective sulphydrates. These basylous sulphydrates are usually raadq by saturating 
their corresponding hydrates with sulphydric acid gas The dry alkaline adphydrates, 
when heated to redness out of contact ivith avr, are decomposed into sulphydric acid 
and metallic I sulphide- Ba"H’S'' = H’S + Ba’'S, hut the sulphydrates of potassium 
and sodium require a very strong heat to effect their decomposition The sulphides of 
the acid-forming metals also appear to form definite sulphydrates, con-esponding to 
their respective oxygen-acids , hut the nature of these compounds, and still more of the 
sulphydrates of the intermediate metals, is not well established It is not clear, for 
instance, whether the so-called hydrated sulphide of zinc consists of Zu“H’S’, or 
Zn"3.H’0, or Zn'iH’S®.Zn"H’0-‘. Tho hydrated sulphides of tho ferric and plumbic 
families seem indeed not to be sulphydrates , for when soluble salts of the metals of 
these famdios are added to solutions of alkaline sulphydrates, sulphydric acid is 
evolved 

I?e"SO* + H’O + 2KHS = E’SO' + Fe"SffO -s H’S. 

Moreover, it is not clear that all sulphides precipitated fi-om metallic solutions by 
excess of sulphydi-ic acid, or a sulphydrate, are necessarily either hydrated or sulphy- 
drated, despite their greater solubility in acids, and their difference ui colour from the 
undoubtedly anhydrous sulphides made in the dry way. Wo know, for instanco, that 
the difference between the native scarlet sulphide of mercury and the precipitated 
black sulphide, or that between the native grey sulphide of antimony and the precipi- 
tated orange sulphide, is not a difference of hydration at all, but one of molecular con- 
dition, t. e allotropy 

The protosulpludes of tlie alkali-metals and alkaline earth-metals dissolve iii water, 
forming eolourless solutions, from which, by evaporation, the sohd sulphides may, it is 
said, he again procured, and in thec^stallme state It is not improbable that the solu- 
tions really contain mixtures of alkaline hydrate and sulphydrate, re.sultiiig &om the reac- 
tion of the sulphide with water, thus • K’S + H’O = KH3 + KHO At any rate, 
precisely similar solutions are made by mixing equal quantities of aUodrao hydrate and 
sulphydrate With die exception of the above sulphides of the basylous metals, all 
sulphides and hydrated sulphides avo insoluble in water, or very nearly so Those 
which, like the trisulphide of arsenic, are sparingly soluble in pure water, are insoluble 
111 acidulated water This trisulphide, when recently precipitated, is slowly but com- 
pletely decomposed, by boiling witb water into arsenious and sulphydric acids 

As a rule, the sulphides and oxides of the same metal have similar formulee, and 
conespoiid m their general behaviour# Occasionally, indeed, we have metalho oxides to 
which there are no corresponding sulphides (the peroxide of manganese, for example), 
and more frequently motaUio sulphides to which there are no corresponding oxides, 
—the hemisulphide of iron and the disulphide of arsenic, for example. Among tho 
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It is doubtful whctlior the thron mtermocliato polysuljihides are other than mix- 
turcH of proto- and penta-snlpludo They may, however, bo doflmte sulphides corres- 
ponding to the polythionic aericB of oxygon-salts, thus 


KW, Bisulphide. 
K'.S’, Tnsulphido 
K“.S^, Tetuisulphide. 
KW, Poutasulphido 


K'S’O”, Bitliionato 
K=S’0“, Trilliioniito 
K'-S'0«. Tetrathionuto 
K=S“0“, Peut,vthiormfo 


It IS ohsomible, inoroovor, that tho three intorracdi.itn polysulnhides result from 
delinito reactions, and that the disulphide and trisulphido eoriobpond to dufimto oxides, 
Tho yellow coloiu', which solutions of alkaline protosulphido and sulphydralo accpiire 
by exposiiro to aiii is dno to the piodnction of polysulphulcs, thus 2KIIS + 0 = 
K-'S' + H-0 Tbo yellow solutions of tho polysiilphides eventuiilly become colourless 
by abborpUoii of oxygen, which produces a thiosulphate, accompanied, m the case of 
the tn-, tetra-, and penla-sulpliides, with a deposit ot sulphur Tlio polj'biilphides do 
not appear to form corresponding pol) sulphydriiti s ; for when sulplnir is boiled with 
solutions of siilphydrates, there is always an evolution of snlpliydrio acid, thus 
2KHS + S = K-S- + H-'S. 


The distinction between neutral and salifiable sulphides is much loss marked even 
than that between neutral and salifiable oxides Disulpbido of iron, for instanoo, la 
obviously the representative of the non-saliflable peroxide of manganese Tlie two 
oomponnds, when heated in close vessels, undeigo precisely similor decompositions 
3MnO» = WO* + 0* 

31?eS= = Te’S' + S’. 


On tho other hand, tho trisiilpliide of iron is obviously the representative of tlio 
bshfiiihle tnoxido of that metal, and should correspond with it in its reaction with 
hydrochloric acid, thus 

Fo'0» + OHCl = 2FeCB + 3H=0. 

Pe»S“ + OHCl = gPeCF + sms. 

But sulphydrio acid has tlie property of reducing trichloride of iron to the state of 
dicliloridc, with a deposition ot sulpimr. thus 2FoCl’ + H-S = 2Fe01® + 2H'C1 
T is Hence the actual behaviour of tnsulphido of iron, when treated with hydro- 
chloric acid, corresponds, not with that of tho salifi.abl6 tnoxido of iron, but with 
tliat of the indilForent tnoxido of cobalt 

Co=0» -t 4HC1 = 2CoOB + 2^0 + 0 

Po-S" + 4HC1 -= 2FeCB + 2H^S + S. 

The sulphides of tlie chlorous metals have characters corresponding to those of tho 
corresponding metallic oxidce , that is to say, they unite witii tho sulphides of tlie 
basylous motels to form corresponding soluble salts. Tbo disulphide of tin, and the tn- 
siilpbides and pontasttlpbides of antimony and arsenic, for lustnnce, dissolve in sulphy- 
dratcof potassium oriuiunoiimm.justas the corresponding oxides dissolve m oxhydiiita 
of potassium orummomnm. Thus wo have stannato ofpotassium, K'SuO^orK^O SnO", 
and snlphostannatc of potassium, K’SuS* or K’S SnS' When tliese chlorous sulphides 
dissoho in alkalino hydrates, they form both sulphoaalts and oxj-salts, thus . 

3SnS« + BKHO = 2K'“SnSi‘ -r K^SnO^ + 3H»0. 

Tiospceting tho modes of formation and tho reactions of metallic sulphides, see fur- 
tlier Metaus (iii 940); also Odling’s Mamial Clmiistry (i, 163), 

On the sulphides and sulphydrates of iileohol-rudicles, soe Ethers (ii. 511). 

The iiidividnal sulphides, inorganic and organic, arc specially described in connec- 
tion with the several olemcnte and organic radicles 
SWIiPHtUTBIGOTlO ACX1>. See Imnoo-sirtTiioEic Acids (lii. 268). 
SUl.PHlKrDVl.lc ACID. Syn with Suiphixdiqotio Acid 
SVDPHISATAKTOVS ACID. An acid produced, according to Laurent, by the 
action of aiuniunmm-salphito on disulphisatjdo (in 412). 

SUDPHIS ATZH. Sjm. with Disimhibattoe 
SUDPHITDS. See SctPiraii, Oxtocn-acids of 

SUIiPHOBEWZAMIC ACID, C’H’KSO* = = (0^H^0)"(K 



SULPHOBENZAMIC ACID. 483 

haidtjPetersb. Acad. Bull xvi 378,Jalirosb 1868, p 278 )— Tina acid, tlie amio 
acid of svdpliobcnzoie acid, is produced' 1. By licatog sulpbobenzamide, or ethylaul- 
phobenzoato of ammonium, mtb potash (Limprieht and Ualar) • 

G’H»N»SO» + H’O = O'H’NSO* + NH". 

Also from the compound p’H“N®SO’ (the hydroehlorate of which is formed by treat- 
ing sulphobenzamide with pentachlonde of phosphorus, p. 686), likowise with 
ehmmation of ammonia (Liinpricht and Bslar) 

G’H«NW + 2IPO =. C'E’NSO* + NH». 

3. Together with other products, by the action of sulphuric anhydride on boiizom-, 
trile. (Engelhardt) 

Ffeparatum. — 1. Sulphobenzamide, stirred up to a paste with strong polasb-lcy, is 
heated in the wator-bath for several hours, till a clear solution is obtained This is 
diluted with water, and supersaturated with hydrochloric acid, whereby the sulpho- 
benzamie acid is obtained as a bulky precipitate, which is purified by recryaUlIisation 
from boihng water. (Limprielit and Eslar.) 

2 Vapour of sulphuric anhydride is slowly passed into well-coolcd bcuzouitrilo. 
whereby a crystalline mass la produced (if the action goes on more quickly, a ntroous 
mass IS formed, which yields other products) On treating the ccj'shillmo nmas mth 
cold water, to remove excess of sulphuric acid, and dissolving the residue in boiling 
■iloohol, needle-shaped oi'ystals sepm-iito at first, hut afterwanls, on addition of ether, 
rhombohedral crystals of Bulphobeiiz.nMio acid (Eng olh ardt ) 

PropeHu’S . — Sulpliobenzaniic acid crystalbses from a boiling saturated eolutiou oil 
cooling, in scales resembhng chlorate of potassium (LiinprichtandTJslor) , iiirhom- 
bohedi'iil crystals or in needles, consisting of aggregates of small rliombohedroiis 
(Engelhardt) It is very sparingly soluble in cold water, more soluble in ethrr, 
easily in hot water and in alcohol. It molts at a temperature above 200°, and 
solidifies in a crystalline mass on cooling, at a higher temperature it volatihses in 
white vapours, and finally burns with a luminous flamo. It reddens litmus, decom- 
poses carbonates, but docs not dissolve zinc. 

Pecompositwns — 1 Siilpbobcnzamic acid appeal's to be resolved by prolonged 
beating into ammonia and sulphobenzoic anhydride. The aqueous solution, when 
evaporated, leaves sulphobenzoic acid — 2. AVben 1 at. sulphobenzamio acid is heated 
to 160° — 200° with at pentachlonde of phoepfmue, as long as phosphono oxy- 
chloride continues to distil over, a yellow oily liquid is left, consisting of sulphohcii- 
zamio chloride, G'H'NSO’Cl, which is converted by water into hydioebloric and sidpho- 
benzamic acids, (C’H“NSO’Cl -I- H’O = HCl + C’H’NSO*), and by ammonia into 
sulphobenzamide (Limpriebt andUslar). By distilling sulphobenzaimc acid with 
pcniaohlonde of phoaphorw, a distillate is obtained, containing — ^besides oxycliloride 
of phosphorus — chlorobenzonitrile, chlorohcnzoic chloride (in small quantity), and the 
chloride of an easily soluble acid, probably isomeric with sulpliobenzamic acid. 

The same cliloride appears to be obtained, together with amoiphoussulphohenzamio 
acid, by heating 1 at. sulphobenzamic acid with 1 at. of the pentachlonde. On 
treating the yellow tumefied residue with etlier, the amorphous sulphobenzamio 
acid remains as a white pulverulent mass, which is insoluble in water, alcohol, and 
other, but is converted, by heating with water to 170°— 180°, into ordinai'y crystal- 
lised sulplioboiizamie acid (Limprieht and tfslar ) 

3 Sulphobenzamio acid treated with sxdphuna anhyd/nde yields a brown viscid 
mass, from which, by boiling with plumbic carbonate, a salt is obtained, having the 
composition of plninbie sulphobenzoato. 

Sulphobenzamates — Sulphobenzamic acid is monobasic All its salts are more 
or less soluble in water — The ammoyiiwm-salt separates in laminar crystals, on 
evaporating a solution of the acid in ammonia — The barium-aedt, C'H'^Ba'TiT^'S-O'’. 
4H'0, separates from the evaporated neutral solution as a soft, waveUitic, crystalhns 
mass, which gives off its water at 110° — The colcmm-aalt, dried at 120°, has the 
composition C“H'“Ca'WS“0*. — The sdvcr-aalt, C’H®AgIISO‘‘.Hfi), is precipitated by 
silver-mtrate from the solution of the ammomum-salt, in slender silky needles , it 
may be recrystallised from boilmg water, and does not blacken on exposure to 
light. 

The solution of the ammonium-salt gives, with neutral kad-acetate, a precipitate, 
crystoUising in small needles , with ferrovx aalta a white, with feme saJia a flesh- 
colonred, precipitate , with eupric aalta, a precipitate consisting of small needles, solu- 
ble iu ammonia , with mercurous salia, a whito precipitate turning black on boihng , 
with mercuno cUmde, a crystalline precipitate separating from water in lamiiiEe, with 
cuuj-salta no precipitate. 
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Ethulic Sulphobeneamate, or Biilphobensamic Ether, C'H"(C’H‘)NSO^, 
is oMauiod liy passing hydrochloric acid ^s into the alcoholic solution of the aeid ; 
by decomposing the silver-Balt with ethylic iodide , or by treating the alcoholic solu- 
tion of sulphoheiizoic chlovido with ammoma-gos It crystallises in splendid sliming 
needles, which, aeeoiding to Koferstcin, die monoelmic prisma, ceP . mPoo . oP — P, 
having their axes in tho ratio of 1 • 2 ; 4. Wlion cautiously heated, it melts without 
dei'iiuijiosition. and sohdiflos in tho crystalline state on cooling, at a higher tempera- 
tuve it gives off wliito fumes, and burns with a bright flame. It dissolves easily in 
warm alcohol or ether, somewhat loss e.isily m boding water Strong caustic potash 
dissolves it, at ordinary tonipcrutuies, witliont evolution of iiinmonia, at 100° with 
formation of alcohol and pntassic sulphobenzamiite , ot higher temperatures also with 
.evolution of ammonia It does notdissolie mercuric omde, and only a small quantity 
of silvor-oxide. (Limpricht and Uslar.) 

STTIiPBOBENZAiainx:. C’E^N^SO’ = |n° 1= ^ 

(Limprieht and Uslar, Ann. Ch Pharra. cii. 239 , cvi. 27. — Jahresb 1857, p 336, 
1858, p 276.1— Obtained by treating sulphobeiizoic chloride with strong aqiipons 
ammonia. The product, washed with water, dried, and recrystallisetl from absolute 
alcohol, with addition of animal charcoal, yields anhydrous sulphobeuzaiiude , if 
aqueous alcohol be used, a mixture of tho anhydrous amide and a hyibato containing 
1 at. water is obtained 

Sulphobenziimido dissolves readily in hot water and hot alcohol. Tho hydrate, 
which crystallises in needles, gives off its water at 100°, at 170° the compound fuses, 
and between 270° and 290° it slowly decomposes, but without foimation of sidphoben- 
zimitlo — ^Wlen treated with potash, it gives off ammonia, and is converted into siilpho- 
bouzamie acid (p. 485). — With pnitaeUonde of phosphorus ot 100°, it decomposes, 
according to tho equation 

C’HWSO* + POP = C’1IWS0«H01 + POCP + HOI; 
forming a yellow syrup, which is further decomposed during the distillation, yielding 
phosphoric oxycldonde and chlorohenzonitrile. The compound C’HWSO^HCl 
dissolves in ether and in nloohol, but does not crystallise therefrom , with water or 
ammonia, however, it yields the erystaUisahlo compound 0'H“N“S0®, which dissolves 
in potash, and by prolonged heating therewith is converted into sulphobenzaniio acid 
SXr3iliBOBBiaZ&WII>Il}E. MphenytsvJphohensamide, C’H«(C'H*'|“SO^ is 
produced by mixing siilpbobcnzoie chloride with aniline When erystalliSod from 
alcohol, wi& aid of animal charcoal, it forms small white fusible crystals, easily 
soluble in alcohol and ether, slightly aolublo in cold water, decomposed by hot potash- 
ley with separation of amUne. 

SrXiPHOBBNZXDB. C'°H">SO* (Mitscherhcli, Pogg Ann xxxi 628 — 
Preund, Ann. Ch Pharm. exx 76— Otto, liuj exxxv 154)— A compound formed, 
together with phenylsnlphurous acid, by the action of sulphuric anhydride on benzol 
On treating the tliick liquid product with a largo quantity of water, the sulphobonzide 
separates in the crystalline form, while the phenylsulphnrous acid remains in solution. 
Tho sulphdbenzide may be purified by orystallLsation from ether, or by distillation 
(Mitsoliorlieh). It is also produced, together with benzol, by distiUmg aqueous 
phonylsulphurous acid, and crystallises in the receiver (Freund,) 

Sulphobeiizido ciystalliees from alcohol in ihombie plates. It melts at 100° 
(Mitscherlich), at 128° (Freund), at 128°— 129° (Otto), and boils at a much 
higher temperature. It dissolves in aloohol and in ether, is insoluble in aUcabs, but 
dissolves in acids, and is precipitated therefrom by water. Strong sulphuno acid 
dissolves it when heated, and converts it into phenylsnlphurous aeid Chlorine 
converts it, at tho boiling heat, into trichlorobenzol (Mitscherlich) — ^With penia- 
chloride of pkosphonta it forms monochlorobenzol, chloride of sulnhoDhenvI and 
trichloride of phosphorus (Otto) ; 

C»H'»SO° + pa* ~ C»H*C1 + C«H»SO’Cl + POP. 
sniPHOBENZIDIo ACID. , Syn. With Pheotlsulphoeous Aoin. 
sniiPBOBEsrzozo acxb. CHW =. G'H”0*SO* = = 

(C’H*0)"i ' 

(SO)" j-O’. (Mitscherlich, Pogg. Ann. xxxi. 287 — Fehling, Ann Oh, Pharm. 



SULPHOBENZOIC ACID. 


487 


xxvH 322.— Limprieht and UBlar, ibid, cii 239; cvi. 27.— Keferetein, iJiid. 
cvi. 385 ) — TMa acid is produced — 1. By paeBing the vapour of BiJplumo anhydride 
into benzoic acid, or by mixing 1 pt. of the anhydride with 2 pta benzoic acid. The 
mass IS treated with water, which dissolves sulphuric and sulphobenzoio acids, leaving 
the excess of benzoic acid iindissolvod; the solution is satiiriitod with ciirboniito of 
barium ; and the filtered solution is mixed, while still warm, with a quantity of hydro- 
chloric acid sufficient to eombrne with half the baryta in solution. Acid sulphohenzoato 
of barium then separates on coobng, and on deeomposbig the solution of this suit with 
the exact quantity of sulphuric acid reqmrod to proeipitato tbs biiinim, and evaporating 
the filtered solution till it no longer boils at 160°, the sulphobenzoio acid separates 
on cooling as a crystallme mass. 

2. By the action of sulphuric acid on hanzonitrile, disulphohenzolio acid being formed 
at the same time . 

0’H‘N + ffO -t 2ffSO< = G’H»SO* + (NHhH)SO<. 

Benzo- Snlplio- 


C’H*N -r 3ffSO< = + (frE<.H)SO* + 00^ 


On neutralising the product of the reaction with carlionate of hariuin, evaporating, 
lodissolving in water, and adding alcohol by separate porhons, sulpliobenzoate of 
baiium crystallises out first, and afterwards the disulphobenzolato. (Buoktou and 
Hofmann, Chem. Soc. Qu J ix 266) 

3 By the action of water on sulphohenzoie chloride • 

O’H'SO^OB + 2n’0 =. 0’H«S0* + 2HC1. 




It forms sulphobenzoio chloride 

C’H«S0‘ + 2PC1» = C’HtSO^CP + 2P0C1« + 2HC1 
With 1 at, of the pentachloride, the product is sidphobenzoic chlorbydrate • 
C'E«S0‘ + PCI* = C’H-SO’ir 


h P0C1» -1 


HCl. 


Sulphobenzoates. — Sulphobenzoic acid is dibasic, forming acid and neutral 
salts, the former being for the most part loss soluble than the latter — The neutral 
barium-sali, C’H'‘Bi''S'0', obtained by boiling the solution of the acid salt with 
barium-carbonate, forms indistinct crystals, very soluble m water, and bearing without 
decomposition a temperature as high as that of boiling oil. — ^Ths acid barium-sali, 
0’H‘Ba"S0‘ C’H“S0®.3ff0, prepared ns above described, crystallises in monoohnio 
prisms • oP . ooP . coPoo , With the angles oP • ooP = 98°6' ; <»P . coP «= 62° 21 
(Fehling). The crystals give off their water at 200“ dissolve in 20 pts water at 
20“, and have an acid reaction. — The lead-salt, C’ffPb"SO“ 2^0, is obtained in 
solution by boiling the acid with excess of lead-caihonato, and separates on cooling in 
stellate grou™ of slender needles Gives off its water at 200°. — The neutral fotas- 
sium-salt, C'H^K^SO®, forms beautiful deliquescent crystals • tlio acid salt is efflores- 
cent. — The silver-salt, C’H*Ag*SO* H®0, eiystnlhses in a vacuum in small yeUowish 
|)rism8, which dissolve easily in water, and give off 1 at. water when dried. (Feh- 

T^e acid aidphobenzoales of magnesium and zinc, also the acid ferrous, eohaltous, 
and cupric salts, form beautiful crystale (Mitacherlich ) 


Derivatives of Sidphobmaoio Add. 

mtrosulphobeneoio Acid, 0'H‘(H0*)S0“. (Limprieht and ITslar.) — Pre- 
pared by admng suljjhohenzoio or sulphobenzamic amd to a cold mixture of strong 
nitric and sulphuric acids, diluting with water after some time, nentralismg with 
carbonate of barium, and decomposing the resulting banum-salt with siilpliunc acid 
It ciystallises from a concentrated solution in weU-defined crystals — The neutral 
barium-salt, C'H^a''(NO’)SO*, forms easily soluble, nodular, mostly yellowisb 
crystals, containing 3 or | at. water. — The aotd banuinrsalf, G’H“Ba"(rfO*)SO‘. 
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— The eiher-salt, obtained by boiling tho acid with silvei'-oiide, crystal 
nodulea, easily soluble in water, insoluble in alcohol. 

Ami(loi,ulphobcn:;oic Acid, C'H'NSO* = C’H’(NIF).SO’, produced by continued 
digestion of nitrosuliihobenzoio acid with nqiieona sulphide of iimraoniumi separates, 
on siipereatmatiiig the concontratod filtr.ito with hydrocliloric and, in white eon- 
coiitnc.illy-gronped needles, having aji acid roaetioii, easily soluble in hot water, less 
soluble in alcohol, nearly maolublo in other. When hcatod, it chars witlioiit previous 
fusion. It dissolves easily in atnmoiiiii, and tho solution torms, with nitrate of 
bdvor, a white prcciiiitate, which turns black on boiling Amidosulphobcnvuic acid 
doo.s not appear to unite with other aeids^ at least not with hydrochloiio acid. (Lim - 
pricht and Uslar ) 

SUXiPBOSIilTZOIC CHXtOnBVSRATB. C"H»C!SO* = C'HW j = 

(C’H'Or)c, 

(SO)" >Qa. CUormssentoff-Sulfobemocsaure — This compound, analogous to Wil- 


liamson’s snlphiirie chlorliydrate, SO- Cl HO, is obtained — 1 By heating 1 at siil- 
phobenzuie acid with 1 at pentachlorido of phosphorus, till the greater part of the 
phosphorie oxychloride has distdled off, and adding water to tho residue to dissolve 
out liydrocldoric and phosphoric acids — 2. By leaving sulphubeuzoio ehlonda in 
contact witli water for sovoral wooks . 

C'H‘G1=S0’ -h H»0 = C'H»C1S0‘ -p HCl. 


It IS a white crystallino powder, soluble in ethor, decomposed by alcohol and by 
hoihng water, insoluble m cold W'ater It melts very o.tsily, and decomposes at a 
higher temperature. _ By boiling water ond by alkalis it is conveitod into sulplioboii- 
ano acid. (Limpricht and II slur ) 


STriPHOBEUXOIO CHIiOXtlBB. C’H*SOW = Erepmed blco 

the preceding, but with 2 at phosphoric pentacbloride to 1 at sulphobenzoio acid dried 
at 100° It IS a yellowish-brown, mscid, oily liquid, having a famt unpleasant odour, 
heavier than water, and very slowly decomposed thereby. Boiling water dissofres it 
more quickly, forming hydrochloric and sulphobcnzoio acids . — Alkalis decompose it lu 
a similar maimer. Wen heated to 300° it decomposes with strong intumescence, giving 
off chloride of chlorobenzoyl (i 567), and le.ii mg a carbonaceous mass — Alcohol dissolves 
Jt, with gieat rise of temperaturo and formation of ethylic sulphobenzoate Anhydrous 
ether appears to dissolve it without decomposition — ^Aqueous ammonia ooiuerts it 
into sal-ammoniac and aulphobcnzamide tho latter is also formed by passing 
aramoma-gas into the ethereal solution of the chloride — With aniline it forms sulplio- 
benzanilido and bydrochlorute of aniline. Alcohol saturated with ammonia, dissolves 
It with great rise of temperature, forming cthylaulphohenzoio acid. (Limpricht 
and IJslar) 

Sin:.I>BOBBlsrxoio BXBEBS. The only ones known ore tho acid and neutral ' 
othyho ethers. 

Ethylic Sulfhohenaoate, C'H'^SO® = C’H''(C-B[*)“SO* (Limpricht and 
Uslar, Ann. Ch. Phatm. cn. 262) — Absolute alcohol becomes strongly heated in 
contact with sulpliobenzoie chloride; hydrochloric acid and cldoride ol ethyl are 
given off, and on evaporating the hqrad over the water-bath, othyho sulphobenzoate 
1 oiuains in the form of a syrupy residue having a fiunt ethereal odour It dissolves in 
water m all proportions, and cannot therefore he purified, like most compound others, 
by washing with water. On heating the aqueous solution, the ethor is resolved into 
alcohol and siilphobonzoic acid. It cannot be distiUed without decomposition , when 
heated ill a rctoit, it leaves a large quantity of charcoal, swells up considerably, and 
yields a sin.ill quantity of distillate having a disagreeable odour Treated with gaseous 
or aqueous .inimoiiiu, it yields ethylsulpliobenzoato of ammonium. 

Elkylsulphobeucoie Acid, C»H<“SO“ = G'n‘(G'ff)SO“ (Limpricht and 
U s 1 a r, loo. oil .) — Produced 111 the form of an ammomiim-salt, by dissol ving sulpbobeiizoio 
cbloriilo in alcoholic amniunia, or by dissolving snlpbobonzoic other in alcohol, and 
p.isbing ammonia, through tho solution On maporatiiig the liquid, tho ammomiiiii- 
aalt 18 obtained in crystals ; and by dissolving these in water, precipitating the aiiimonm 
wntli platimc chloride, lomoving the excess of platinum by sulphuretted hycbogeii, and 
ovapor.iting the flltiato at the heat of the water-bath, ethylsulphobenzoio acid is 
obtained, in tho form of a j ellowisli syrup, which docs not show any signs of ciystalh- 
Bation, even atter standing for several days The acid appears, however, to be crys- 
talhsablc, but difficult to obtain in the crystalline form, on account of its prononess to 
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decomposition ; for on decomposing the hariimi.salt with on eqmvalent quantity of 
sulphuric acid, and evaporating the filtrate over the water-bath, a syrup was obtained, 
which suhdifled in a crystalline mass on coohng, but on bemg satm’ated witli barium- 
carbonate, yielded a mixture of sulphobenzoate and ethylsulphobcnzoate of barium 

The Ethylsulphohmzoatea are all very soluble they are most readily prepared from 
the ammonium-aalt by precipitating the ammonia ivith platiuie chloride, removing the 
excess of platinum with sidphydric acid, and neutralising the filtrate ivith the required 
— The tmmonium-ealt, G”H''(NH'')SO“, crystiUiaes m large, well-defined, four- 
sided tables, with very distmet cleavago parallel to the ehoiter side of the base. It 
IS insoluble m ether, but dissolves readily m water and m alcohol, forming neutral 
solutions — The barntm-salt, C'“H‘“Ba"S®0'" rH-O, crystallises fram a very eoncen- 
tiated aqueous solution, in small rhombic tobies, which eflioresce over oil of vitriol — 
The eilver-salt forma stellate groups of small needles — The sodium-salt, 0”H“NaS0’, 
forms nodular groups of milk-white needles, easily soluble in water and in alcohol. 

SirXiFBOBEHZOIl. C’H'S Syn with Sotphidi! op Benzilboti (i. 677). 

STri.PBOBEHZOliA»XII>E. CH'NSO^ = N.H® C»H;’SO' (Stenhouse, 
Broo Eoy Soe xiv. 351 ) — Produced by heating sulphobenzolate (phenylsulphito) of 
ammonium to 200° Crystalliaes from alcohol or water in lanunai resembhng n.iph- 
thaleuo, which molt at 153°, 

SBiPBOBENZOlBWE. C”n">SO’ (Stenhouse, loo dt)—A compound 
isomeric with sulphobcuzide (p 486), modueed by heating phenyho sulphide (iv 417) 
with strong nitric acid, or more readily by digesting it with acid potassium-ohromatu 
and sulphuric acid diluted with 2 pts of w.iter When cvyetallisod from benzol, it 
forms monochnic prisms, exhibiting the combmation [ ooPoo ] . coPco . P« . oP, with 
the angles (approximately determined) [ coPco ) coPco = 86° 30' and 94° 30' ; 

[ mP» ] Pa = 71° 40' ; ooPco oP = 69° 40’ The crystals are tabular, from pie- 
duniinanco of [ ooPaj ] Prom hot alcohol it sepoiutes in crystals, resembling olilorale 
of potassium, hut for the most part of the same form and with the same angles .is 
from benzol. It dissolves easily in ether and in carbonic disulphide, hut with 
difficulty 111 boding water, from whicli it crystallises completely on cooling It 
melts at 128°, and distils at a higher t6mpor.aturo It dissolves in hot sulphuric aciil, 
and is precipitated therefrom by wafer. A mixture of uiteio and sulphuric acids con- 
verts it into an oxidation-pioduct, sparingly soluble in hot alcohol, and crystallising in 

SUEEHOBEBZOESN'IC ACIB. Syn. with BBBzvLsux.PHonous Acm (.See 

SBEFBOBEBZOEIC ACID. Syii With PKEunxsuLPatinons Acin (See Sul 

PHUBUDS EtUEBS ) 

Blaulpbobeuzollo Ada. Syn. with PBEiniiENis-sui.piinBotis Aoin. (See Sulphu- 
BOVS Ethehs ) 

SVliFBOBEirzoiilc CHEORIBE, Syn With SunpEorHEHYnio CunoBniB 

SUEPBOBEBZOIfE, BYDKIBE OP. C'H“S. A compound formed by tha 
action of ammonium-sulphide on an alcoholic solution of hitter-almond oil (i 671) 

SUEPBOBBTYEIO ACID. Syn. With Tetexisolphubic acid (See SuiPHU 
Eio Ethees ) 

SVIPBOCACOBTXIC ACIB. Soe AnsBnmBS of Methxo (i 400). 

SUEPKOCAMPHXC ACID. Syn with TiiYMYi.sui.mnrBOua Aoro (See Sul- 
PHUEOUS Etubus.) 

SVXPBOCAMPHOBIC AOIB. C'’H'“SO“ (Walter, Ann. Oh. Phya [3], 
IX. 177.)— An acid produced by the action of sulphuric acid on camphoric anhydi'ide 
(1. 730) • 

0>»H»0® + H^'SO^ = G''H'“SO« + CO. 

To prepare it, camphoric anhydride is introduced by small portions into an excess of 
stiong sulphuric acid, aud tha clear solution is heated to 65°. Carbonic oxide is then 
rapidly evolved, and the liquid, after being left at rest to deposit unaltered cain- 
plioric iinhydi’ide, then filtered and left to evaporate in a vacuum, deposits crystals of 
sulphocamphoric acid, sometimes having a green colour. Eor purification they aie left 
to drain in a funnel plugged with asbestos, then pressed between bibulous paper, aud 
crystallised several times ftom alcohol till they become colourless. 
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Siilpliocatnpboiic acid crysWlises in six-aided pmms, colourless, very bil ter, very 
soluble in water, iilooliol, and ether. The crystiils contain 2 at v,atfii', which they give 
off in a vacuuiu The acid melts hotween 160“ and 165“, and decomposes at a higher 
temperature. It dissolve.n slowly in cold, quickly iii boiling nitric aoul, without alter- 
ation or evolution of rad fumes. Strong sulphuric acid dissolves and ultimately 

Siilphociiinphono aeid is dibasic, its ncutr.il salts being represented by the formula 
G’1I"M-S0“. — ^Tlio ammonitim-sali, G"II'\N1[*)“S0“ II-l), iunns stellate groups of 
crystals, which arc very soluble in watoi, and rodden litmus. — The yiotiissium-inlt, 
G“H‘ ‘lf-’SO“, crystallises by evaporation in very tine needles, having a conlnig styptic 
taste. It IS neutral to test-pnporb, very soluble iii water, slightly soluble , in iileohol. 
Sonietiines eaiibflower-boads of crystals .ire obtained, appnri ntly consisting of an acid 
salt — The barmn-salt, G”II”Ba",SO“, forms a colourless or slightly yellow gummy 
mass, winch faintly reddens litmus-p.iper, is very soluble in water, slightly soluble in 
nlcoliol — \ bai'io-ciqmc salt, C'“H"Iia"Cu"f3-0'“, is obtained by piecipitating n cold 
solution of the l).iruim-a.ilt with cupric sulphate. — Tlio lead-salt, C“H'<Ph'SO“, is 
an amorphous mass, having n sweet, taste, soluble in water, insoluble in alcohol, red- 
deumg litmus-paper. — Tlhesilvei-salt, C”H'*Ag-'SO“, is obtained, by saturating the nod 
with silver-oxide and evaporating, in crystiUino crusts, soluble in water, slightly 
soluble in cold, somewhat more iii hot alcohol' this salt Iikou'iso leddons htmus 
StrUPHOCAPBYIiIC ACID. Syn with OoTiT,siii.PHtiEio Ao». (See Sul- 
PHURio Bthees ) 

) w 

StrlPHOCABBAMIC ACID. CHW = (CS)"U (Zeise, Ann. Ch 

Pliarm. xlviii. 95 — ^Dobns, tkd Ixxiii 20 ) — The siilphur-aiialogiic of oarhnmic acid 
(i 7'19) Its ammoiiium-ealt, CH’(NH‘)NS', is produced — 1, By direct ounihination 
of nnimonia With ciirhomc disulphide 03' + 2NH^ = CH'N'S® When a mixUu'o of 
1 vol absolute alcohol saturated with nmmouia-gas and a solution of 016 vol 
carbonic disulphido in 0 4 i ol. alcohol, is oxiioscd in n closed flask to a teniporature of 
15®, it gradnutly turns brown, and deposits plumose crystals of animonium-trisiilplio- 
ciirbonatc, aftorwaids larger and more shining prismatic crystals of the snlphocarb'd- 
niate. The liquid, after it has ceased to deposit crystals, yields a further quantity of 
the eiilphoearbaniate by disfiUiition 
3. By the decomposition of ammonium-trisulphocarbonato : 


- + H'S. 


To effect tills transformation, the trisulphoearbonato is enclosed for 30 or 40 hours 
with alcohol in a well-closed flask 

Sttlphoeatbamic acid is obUmed in the fees state by decomposing the ammoninin- 
salt with dilute sulphuric or hydrochloric acid. It then separate.s as a colourless or 
reddish oil, heavier tlian water, and having a peculiar odour, somenhat like that of 
eiilpliydrie acid It is somewhat nnstahlo, lieiiig gradually resolved into sulpliocyonio 
and sulphydric adds ; m presence of water, it also yields cyanic acid or its products of 
decomposition : 

CE»NS» = CHNS + H'S. 

Sul|ihocaiv Suliihiiiy- 

CH»NS» + H*0 =. CHNO + 2H'S. 

Cymic 

Metallic Sulphocarbamates. — Sulphoearbamic acid is monohasio; it decom- 
poses carbonates with effenescence. Its ^ts are easily resolved, especially by heat 
or by the action of atkalis, into siilphydrio acid, sidphocyanio acid, and motallio 
sulphide ; 


2E*(CSrMSK = 2(psyHN + H'S + M'S. 


Svl^hocarbamate of Ammonium, CH'(NH:'N)S', erystallisosin long lemon- 
yellow prisms, oasily soluble in water, loss soluble in alcohol Exposed to moist air 
it deliquesces, and is converted into a liquid, consisting almost ontirsly of ammonium- 
sulpbydrate. Heated with ymiasli, it yields sulphocyauato and sulphide of potassium. 
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together with water and ammonia. Chlorine, bromine, amd lodim convert it into 
hydranzotin or sulphooarbammomnm-sulphido (m. 178) : 

2CH»(NH')lia“ + Gl» -= 2NH<C1 +«C’B:<N’S‘. 

AmitiOTiom-suI. Hydnuilotin. 

The same traneformatiou is affected by feme salts mixed with excess of sulphnrie or 
hydrochloric acid. 

Cuprous Sv,lphooarlamate,jP3?QvrSii\ is a yoUow powder, insoluble in water 
and in alcohol. — ^The Uadrsali, C®H''Pb"l)r®S*, is precipitated by neutral lead-acotato 
from the solution of the ammonium-aalt, in white flocks, which turn red on drying and 
blacken when boiled with water. — The anc-sali, C-H-'Zn"N’‘S*, is a white pulverulent 
precipitate. 

A solntion of ammonnim-snlphocarhamato is not precipitated hy calcium- or barium- 
salts It forms a yellowish-meen precipitate with nivhd-mlphate, white with mercano 
chloride, yellowish-brown with platmic oMonde , with a dilute solution of silver-mtrata 
a yellow precipitate, which soon turns black. A mixture of the concentrated solutions 
of ammomum-sulphocarhamate and ohroinic sulphate deposits, after a while, a small 
quantity of colourless needles containmg chromium and sulphur; aud the mother- 
liquor, after some hours, deposits a blue substance 

StrxPBOCARaAnilc ethers. Snlphocarbamic acid, like other amio acids, 
may give use to two isomeric groups of others, accoidiag as an atom of hydrogen 


helouguig to the at 


, a- typo or to the water-type in the formula, 


,13 replaced 


(cor|o 


{.oofu 

Etlijllccni 


To the first-mentioned group of sulphocarbamio ethers belong amylsulphoearbamic 
C‘H“ H ixr 

acid, (CS)" i-o I and its amylummonium-salt, (CS)" )■„ , the latter being pro- 

H j ® NH”(C‘H")j^ 

dueed by the action of amylamine on carbonic disnlphido, and the amyloarbamie acid 
separate from it by hydroehlono acid (see AitYiAjiDtns, i. 207) also ullyl-sulphocar- 
bamio or sulphosinapio acid (g.».). 

Ethers derived from sulphocarbamio acid, CH'NS^ by the substitution of an alcohol- 
radicle for the hydrogen of the water-type have not yet been obtained ; but two com- 
pounds ai'e known, which may be derived in tins manner fronx the unknown oiysul- 
phoonrhamic aoid, CH’NSO, nz. . 

Ethylio Oxysulphocarhamata or Xanthanudo . . . C'H’NSO = 

Amylie Oxjsulphocarhamate or Xanthamylamide . . CH'^NSO = 

Etbyllo Oxysulphooarbamate or Xantbamlde, C'ETISO. (Debus, Ann. 
Ch. Pharm Ixxii. 1, Ixxv. 137 ; Ixxxii. 263) — ^Tliis compound is produced ; — 1. By 
the action of ammonia on neutral ethyhc disidphoearbonate (xanthic ether): 

‘H'!» * “■ - ©■}» * 


2. By the action of ammonia o 

mo^ ^ 

Ethyldisulpho. 
carbonic suiphlde 


ethyldisulphocorbonio sulphide (p. 496)4 
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To propaxe tlio compotuid lu eoiiHidoratilo quantity, Dobns gradually adds carbo- 
uic disulphide to an alcoholic solution of potash till the liquid is complotoly neutral, 
thou dilutes it with two vqjfimos of wiitor, .ind passes chlorine into it. The ohlonno 
dei'oiujiobos tho x-nitlialo of potassium, foniiing chloride of potassium and ethyhli- 
Bulphocurhonic sulphido, which, hoing insoliihlo in tho diliito alcohol, falls to tho 
hottoin. As this cominiuud is easily deeonniosed hy an excess of chlonno, ifcis advi- 
snblo to add to the liquid a small quantity ot putiissiiun-iodido, » Inch \nll not ho docom- 
jiosed as long as there is any laiilliiito jiiosoiit. hut will iiiipiirt a hronii colour to the 
liquid as soon os tho whole of tho xaiitluito is dudbinpoaod Tho oily othylilisiilpho- 
e.irhoulc sulphide is then washed with watei, dissoliod in .i mixLiu'o of 1 pt etlior and 
2 pis .ilcohol, .iiid dry iimiiioiiia-giis is passed into tho solution, iihorcliy it giadually 
hoeoiiies tiirhul, .md deposits long needles of sulphur The filtou'd liquid, evapoiiitod 
in a vacmun.leai es a s.ilmo residue, cunsistmg of amiviouiura-x.uithote and xoiithomido, 
tho latter of which may he dissolved out by ether, and voiuaius, on eviipor.itioii, as a 
jellow oil, which ultiiimtoly crystallises, and may bo ohUiued pure by rocrystaUisation 
i'rom a small quantity of alcohol 

Xanthamida crystaUisos by spontaneous evaporation in nioaocliaio prisms or octa- 
heih'ons, often of considerahlo size Eomiiiiuit faces, +P and — P with oP Anglo 
oP -I” * 118°, oP . +P = 10d° The plane .angles of oP are neai'ly = 90". 
tlleavage perfect, parallel to oP Tlio ciystnls melt at ahoiit 30°, dissolve sparingly in 
waier, hut are dissolved in all pioportions by alcohol and other. 

Xanthamide is resolved hy distiEitiou into niere.iptau and cyanic acid (or at 160°, 
cyanuric acid) . 

CSO.C=H’.H»N = C'E'S + COHN. 

xaiiihaiiii.ic. 

■Whou boiled widi potash or baryta-water, it is resolved into alcohol and sulphocyanio 
acid , 

C.SO.Ci'mffN = C»H«0 + eSHN. 

IVhen nitrous acid vapour is passed into water containing santhumido in suspension, 
a crystaihsable snbstaiico is formed, designated hy Debus as oxy sulphooyanato 
of ethyl, its composition is approximately represented hy the formula 0''H'"N'0’S, 
and it IS piohahly tormed hy the union of 2 ut.santhainide, with elimination of hydro- 
gen and snlphydtic ncid 

2 C»H’NOS - H’S - H* = C'H'ON^O’S. 

Compounds of Xanthamide with Metallic Salts — o "With ciiproui chloride, xaulha- 
jnule forms four compounds, containing 1, 2, 3, and i at xanth.vmida to 1 .it CuLT 

The compound C^H’NOS CuCl, is obtauiod .13 awbUociyataUine procipiUito, on adding 
hjdiuchloric acid to an aqueous solutiou of xanthamide mixed with excess of cupric 
sulphate. It is nearly insoluble m water, but dissolves in hot alcohol, and crystallises 
on cooling 111 small very brilliant rhombohodrons, nppioaching very closely to the 
cube It 18 hkowise formed on mixing an alcoholic solution of xanthamide with a nou- 
tr.il solution of cupric cliloride, Tho liquid first becomes blood-rod, then colom'loss, 
stioiugly iicnl, and deposits sulphur, and the filtrate yields, hy spont.inoous cvapoivi- 
tion. first rhombohodral crystals of the compound C'H’NOS CnCl, then long needles 
of the compound above mentioned as oxysulphocyannto ot ethyl 

Tlio compound 20 'H’NOS.CuCl is deposited, in slmuug rhoiuhic tables, on adding 
luther more than 1 at xantlnimide to the preceding eoinpouiid, and evaporating It is 
insoluble in u at er, very soluble in alcohol, and appcais to he dimorphous, inasmuch as 
a coiieeiitnitcd alcoholic solution depo.sits it in largo hox.agonal prisms, whereas fiom a 
diliile solution it separates 111 rliomhie t.ibles. 

By iiiiT.Msing tho proportion of xanthamide, the compounds SC’H’NOS OuCl and 
t'liCl may ho ohtainid, both in well-dofliicd crystals. AU these compounds 
ure more iusitdo and more solublo in alcohol, iis they contain a l.irger proportion of 
xantliamiilo. Tho crystals decomposo attei some weeks, aulpliulo of copper being set 
free 

^ IVitli Cirpinus Iodide.— h. boiling alcoholic solution of the compound, 
aC^'lt'NOS CiiCl, mixed with a hot solution of iodide of potassium, deposits, after 
soino hoiiis, concentrically-grouped needle.s of tho compound 2C’H'NOSCuI; 
Ihe mother-liquor, on fin tiler coiiceiitiation, yields lamiu® of tile compound 
SG-'ll’NOS Cul ; and tho liquid finally deposits x.mthaniido and chlondo of potaa- 

7 . AVith Cuprous Sulphori/auatr —An uleohnlie solution of the eompound 2C®H’NOa, 
CiiCl, mixed with sulphoeyaii.ite of potassium, yields a white ciystalline precipitate, 
which appears to consist ot C-'It'NOS KKlyCiuS (?) A hot concentrated solution of 
tho compound SC’H’NOS.CiiCI yields, with sulphooyamite of pot.iabiiim, an immediate 
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precipitate, consisting of colourless tables of the compound 2C”H’1T03 3CyCu3. If 
this compound be left immersed m the mother-liquor for some duys, the ciyatals 
become larger, acquire a yellowish colour, and are converted into the compound 
C’H’NOS CyOuS. 

An ulcohoho solution of the compound C“H''NOS CuOl yields with sulphoeyannta 
of potassium, notliing hut a white pulverulent precipitate of cuprous sulphocyannte. 

5 With other The compound SO’H’NOS GnCl is decomposed nt the boiling 

lieiit by zinc, wliicli piecipitates the copper and forms chloride of nine, but this salt 
dues not combine with tho xanthamide, neither does xanthiimido appear to unite with 
ferrous chloride, ohlorida of barumi, or chloride of potassium With mereurio (Monde, 
however, it appears to be capable of forming, under certain ciroumetances, compounds 
similiirto those winch it yields with cuprous chlonde 

Amyllo OxysuIpbooEirbamate, Amylsanthamlde, or Xantbamylatnlde, 
C"H'®NOS = CSO.G^H" H'^N — ^Thia compound, discovered by M. W Johnson 
(Cliom Soc Qii. J V. 242), and prepared similarly to tho ethyl-compound, has been 
already described among the sulphur-compounds of amyl (i. 206). 

(CS)''l 

SiniPBOCAHSAMISE. CHWS >= VN*.— This compound has not 

W ) 

yet been obbiiued, It contains the elements of snlphocyanato of ommomnni, CK3.HH^ 
hut 13 not actually formed from that compound in the soma manner as carbamide 
(urea) from cyanate of ammomum. 

Several subatitution-derivativos of snlphocarbamide are however known, and have 
been already desenbed under CAimiinDE (i. 754), viz.- 

AUjlsulphocnrbamido . . . . N’(CS)''C’H‘.H« 

Naphtliyl-allylsulplioearbamide .... N^(CS)''.0'‘'H'.C’H*H^ 
Phonylsulphocaibamide . . N“(CS)" H* 

Diphenylsulphocarbamide . . . . N'.fCS)' 

Phonyl-nUybulpimcarbamide .... H“.(CS)'’ OoH* O’ff.H’. 

Tliose compounds are formed by tho action of ammonia and alcoholic ammonia on 
iulphocyaiiio ethers , and compounds of analogous constitution, but having half the 
mtrogou replaced by phosphorus, arc obtained by tlie action of triothylphosphine on 
the sulphooyanates of allyl and phenyl (iv 611), c g. 

P(0>H»)s + (0S)"(C*H»)N =. p ^ (CS)".C»H^(C*H‘)». 

Tnethyl* Pbonyllc Phenyl-trietbyU6U)phocarbo> 

phosphide suJpbocyatiftte. phosphamido 

SVEPBOCASSIMISB, This is the compound more generally 

called sulphooyanio acid, and otherwise formulated as That this acid 

may really be regarded as the imide of sitEhooarhomc acid is shown ; — 1. By its 
turmahou from sulphocarbamie acid, (CS-H?N =. CSHN + H-S), and m tho 
decomposition of sulphocarbamie ethers (p. 492) — 2. By its formation when oarbonio 
disulphide is heated m a sealed tube with aloohohe ammonia 

(CS)"S -I- Nff ,= + ffS, 

and by tho analogous formation of ethylie sulphocyonate, when ethylanune is substi- 
tuted for ammonia in this reaction. 

StTIiPBOCABBOKTATSS. Carbonic disulphide, CS^ nmles direotly witli 
metallic sulphides, forming compounds called trisulphocarhonntes, or simply 
sulphooarbonatos, analogoue to the carbonates, and represented by the general 
formula M’S OS’ or M’CS’. 

They are hkewiae produced, together with carbonates, by the action of carbonic 
disulphide on hydrated metallic oxides, e.g with aqueous potash : 

3CS’ + 6KHO = 2K’CS= + K’CO» + 3H’0 

Tiio siilphocarbonates of the alkah-metals and alkaline earth-metals are red, 
brown, or yellow compounds, soluble in water and in alcohol, and in some cases crys- 
talhsablo. They are easily converted into carbonates, by boiling their aqueous solu- 
tions, water being decomposed and snlphydrie acid evolved, . 

K'CS’ + SH’O = 3E’S + K’00». 

A similar decomposition takes place slowly m the aqueous solution at ordinary 
tempera tiu'Oh. 
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By decomposing a metallin sulpliocarboimto wiLh liydroclilorie acid, bydno sul- 
pbooai’bouato, or sulpliocarlionic acid, H’CS*, is obtained in Uia iorm of a 
yellow oily liquid, thus 

K=CS> + 2HC1 = 2KC1 + H=CS*. 


The Hiilpliocarbonatos of tho heavy motah ara iiisoliiblo in water, and are formed 
by proeipitiitioii Solutions of tlio alkiiliiio sulpliocarbonatos give a broivn pretipitato 
■with cupric salts, yellow with dilute solutions of argentic nitmto and mercuric 
cbloiide, red with lead-salts. A solution of calcic siilphoeiirboiiato forms, with auric 
chloride, a greyisli-brown precipitate containing Aii^S* 3CS’ ; witli pliitinic salts, a 
blaek-bromi precipitate containing PtSh2CS’ All these precipitates blacken more 
or less quickly when kept, owing to their conversion into sulphides 

For details respecting the metallic snlphocarbouatea, see Gmehn’s Handbook (vols 
ill , IV , V., end vi ), under the several metals. 

SITl^PHOCARBomc ACID. This term belongs properly to the compound 
E"GS“, obtained as above , hut it is sometimes applied to carbonic disulphide, OS', 
which should mthor be called carbonic siilphanliydride 


STTIiPHOCAXtBOXriO EtfHBRS. These are bodies having the composition of 
ciirlonic ethers fi 798 )■ in which the oxygon is replaced, wholly or partly, by sulphur 
The following table exhibits their names and formulie, the ethyl- and ethylone-com- 
poiuids being taken na examples 

Ethyl-inonosulplioearhonic acid 


Etliyhe monosulphocarbonate . 
Ethyl-disulphocarbomc acid . 
Ethylio diBulphocarbonate 
Ethyl-tnaulphocarbonio acid . 


• “-sIot - ll'ls 

• . (|r|g 

• “s-is: - g|:js 

■ ®!T - 


Ethyhe trisulphocarhonato 
Ethylenic disulpliocarhonate 
Ethylonio trisulphocarhonato . 



. COS’.C?H* 
. CS«0=H< 


.acid should bo regarded as (CS)' > 


IS (00)" fS* , but the formulse above given are 


those which nccord best with the principal reactions of thoso compounds. 

Foi malion and Seactions.—a The metallic salts of the acid sulphocarbonie 
ethoi s are produced in the same maimer as those of the oxycarbonic ethers (i, 801) 
thus c.irbonic dioxide unites until snlpliethylato (mercaptido) of potassium, to form 
■ ’ ' ’ ■ ssnim, just as it umtes with ethylate of potassium 

I i, m like manner, carbonic disulphido acts on 

potash, so as to form cthyl-disulphoearhonato of 
potassium ; iiiul on moic<iptidB of potassium, or an alcehohe solution of tlie siilphydrate, 
so as to form the othyl-trisulphocarbonato. thus 


CO^ + (G-H’)KO = (C-H’)KC(y Ethyl-carbonate 

CO’ + (C’II‘)KS , = (0’H*)KG0’3. Ethyl-monosiilphocarbonato. 

CS’ + (0’H“)K0 = (C»H’)KCOS’. Ethyl-disulphocarbonate. 

CS’ + (0’n‘)KS = (C»n’)Ii;CSh Ethyl-trisulphooarbonate 


$. The neutral sulphocarbonie ethers (containing monatomic alcohol- 
radicles), are produced by the action of the chlorides, bromides, &c. of alcohol-radiclea 
on the niotoUic salts of the corresponding acid ethers, e,g 
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(C2H*)KCS» + COTCl . 

Potnaslc eihyl- 
trisulphocarbo- 


h (C*H*)*CS», 

EOiyUc trisiil- 
phocarbouate. 


y. Tlie same neutral ethers me decomposed by hydrate or sulphydrato of potas- 
sium, especially in alcoholic solution, yielding a salt of an acid sulphocarbonic other, 
together with alcohol or mercaptan , eg.: 

(G“H“)=C02S + KHO =. (C»H'>1H:o + (C“H*)KaO“S. 

(ffH’i’GO’S + KHS =. (C»H»)HS + (C«H»)KCO’S. 

(C-H‘')’COS’ + KHS = (OH‘)HS + (0»H“)K00S’ 

(C“H»)“COS= -t KEO = (C=H“)HS -h (C*H‘)KOO=3 


« EtliyMisidphocarbonio acid is resolTcd by heating (to 24°) into alcohol and car- 
bonic disulphide : 

(C=‘H‘)HCOS» - (C'‘H’)HO + CS» 

The decomposition of tho free acid is therefore represented by an equation exactly 
similar to that by which its potassium-salt is formed . it is liiewiso analogous to that 
of ethylcarbomo acid (i 801); hut in the latter case tho decomposition takes place 
spontaneously at ordinary temperatures, -whereas etbyldisnlpbocarbomo acid may be 
separated in the ftee state from its salts, and decomposes only when heated. 

e. When iodine acts on a motaUie salt of an acid sulphocarbomo ether (an ethylsiil- 
phocarbonato, for example) in alcoholic solution, peculiar compounds are formed, called 
othylsulphooarbonio sulphides A molecule of iodmaacts ou two molecules 
of the ethylsulphocarbonate, abstracting the two atoms of metal, -while the residues 
of the two molecules of ethylsulphocarbonate remain united, formiug ethylsulpho- 
carbonio sulphide , eg. . 


2(O^H‘)KCOS* -I- P = 2KI + (C»ffO)’0*S*. 

Piitasilc ftliyi- Ethyl-disulpho- 

dlaulplioearboiiate. 


Etliyl-disulplio- 
plilde. 

2(C*HnKCO=S -I- !• = 2KI + (C=H'‘3)«C»0‘. 

Fotasilc ethyl-inono- Kthyl-monosul- 

tulphocarbmiaw. phocarbonic 

sulphide. 

Those bodies may be regarded as compounds of carbonic dioxide or disulphide -with 
alcoholic peroxides and persulphides, just as the ordinary sulphocarbonic ethers may 
be regarded os compounds of carbonic dioxide or disulphide -with aleohoUc piotoxides 
and protosulphidos 

They are decomposed by heat, yielding a neutral aulphoearbomo ether, together with 
carbonic oxide, dioxide, or disulphide and free sulphur , e.g . . 

= (C^H‘)=CO»S + 03^+3 

Ethyl-disnl- Ethyllc mono- 

phocarbunic aulphocaibo- 

sulpblde nate 

C«H>»0'S‘ = (C*H»)’COS» -p CO + a\ 

Ethyt-disulpho- Eihyllc dwul- 


C=H‘»0’S» = (C=H»)»CO»S d 

Echyl-raono- Ettajllo mono- 
sulphocarbo. aulpliocarbo- 


separated, and the potassium-salt of the corresponding acid sulphocarbouio ether being 
produced. 

C The sulphocarbonic ethers of diatomic alcohol-radicles ai’e formed 
by the action of diatomic alcoholic bromides, iodides, &c, on sulphocarbouate oi 
sodium ; e.g, • 

These ethers are oxidised by fuming nitric acid, yielding diatomic sulphurous ethers ; 


1(0* + 00* + SO*. 
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Sidphoearlmik Ethers containing Monatomic Alcohol-radicles. 
o. Allyl-coiiipounda 


AUyl-dlsuIpbaearbonlo Aold, C'II“OS* = 


’'J-g. — The potassium-salt of 


tins iiL'ul IS obtaiiieci, in yellow neeilles, by treating allylic alcohol with potash and 
carbonic (liBiilphido. (Rofmann and Oahonrs, i 140) 

Allyllo Trlsnlpbooarbonate, C’ll’W = (Hnsemann, Ann Oh. 

Plinrin exxTi. 269 )— •Produced by the action of allylic iodide on soiliiim-tiisulpho- 
carbonato at oidiiinry temperatures, in the same manner as the corresponding othyl- 
eomponnd. It la a yoUow oily liquid, hairing an extremely pungent and offonsivo 
odour; speeillc gravity = 0 943; boiling-point between 170° and 175° It is con- 
verted by strong nitric acid into nllylsulphurons acid, and by ammonia into aiilpho- 
cyanate of ammonium and sulphydr.vte of idlyl. 


B. Amyl-compounds. 

C*H'’-in 

Amyl-disulpliocarlionlo or Xanthamylio Acid, C'’H'''OS* = (CS)”>g. (Do 

Koiiinclt, BuU de I’Acad do 'Bnixclles [I], ix. 646 — ^Erdmann, J pr Chem 
inxi 1 — Balard, Ann Oh Phya [3], xii 307. — W Johnson, Choin fcSoo Q,u J 
V 1 12 ) — The potassium-salt of this acid is obtained by the action of carbonio disul- 
phide on a Hilntion of jiotiish iii amylic alcohol, and on treating this salt with hydro- 
chloric ncid, the xaiitliainylic acid separates ns a colourless or pale-yellow oily liquid, 
having a very disngroeable puugcnt odour , it must be dried over chloride of calcium, 
to preserve It from decomposition It reddens litimis strongly, bums ivitli n'very bright 
fluino, colours the skin deep yellow, and appears to bo Somewhat heavier than water. 

Amyldiaulphmihonate, or Xanthamylate of Ammonium (obtained in the prepara- 
tion of xanthainylnmide, p 4031, crystallises from alcohol and ether in colourless 
prisma, which may bo sublimed by cureftil heating. It is decomposed by water, slowly 
also by exposiue to the air, yielding, among other products, sulshoeyanate of .immonium 
and a yellow oil. — The potassium-sali, C“H“KOS-, prepared as above, solidifloa to .a 
magma of crystalline scales, hanug a piile-yollow colour end nacreous lustre. It 
dissolves m water, alcohol, and ethur, and precipitates many metallic solutions 

The cuprous salt is obtained by precipitation with cupric sulphate, in lemon-yellow 
flocks— The lead-salt, C'=H-Tb’'0-',S', is a yeUowish-white precipitate, which bLiokens 
when boiled. On adding .in aleobolie solution of lead-acetate to a strong solution of 
the a-mmoninm-salt mixed with a large quantity of alcohol, and leaving the hqnid to 
ev.iporate, xiinthamylato of lead sep,iriite8 in small shining Umuise (Johnson) — The 
Wi rcitrotis salt, obtained by procipit.ition with mcreuric clUoride, is wliito, and does not 
bliieken on boding — The silcer-salt is a white precipitate, which blackens on hoihug 
and on exposure to light 

Asnyl-disulphocarbonlc Sulpbide, = (C*H”0)''C‘S^ = 

(C*11>'S)-C“0=S’ Amyldioiri/siilphocarboiiate. (M W. Johnson, Chem. Soo Qu J. 
V 1 42 ) —Produced by the aetiiin of lodino on .vanthamylates (p 496) Hydiato of 
poUssinm IB triturated in a mortar with amylic alcohol and carboiuo disulphidu, 
.Holding an excess of amylic alcohol , and the product, after being mixed with a little 
uatei, is treated with powdered iodine The reaction takes place rapidly, and amyl- 
disiilplioenrbomc sulphide separates ns a yellowish odoiuns oil, which must be washed, 
.and tlicn dried over ehloncle of calcium It begins to boil at 187°, and decomposes, 
y leldiiig, .amongst other products, an oil having tho composition of amylic disulphooar- 
bomite With ammonia it yields amyldisnlphocarbonate (xunthamylato) of ammo- 
nium, nniyhc snlphocnrbamate (xanthamylamide), and a deposit of sulphur : 
C’H'WS* + NH* =. C»H'W -4 a*H'*N0S + S. 

Xunthamy- Xanthnmrl- 
Uc acid amlUe. 

Amyllo Dlsulpliocarboaate, C"B;®'0S= = ^°-idhamyl\o Ether. 

(Desnins, Ann Gli. Phys [2], xi 605.) — Obtained by distiUing tho product of the 
action of iodine on xantharnyhilo of potassium It is an amber-coloured oil, having 
a strong ethereal odour 

Mcthylamylic Disulphocarhonate, (GH;’)(C*H")G0S®, is obtained, accord- 
ing to Johnson, by distilling a mixturo of amyldisulpbooarbonato and niethylsulphate 
of potassium. When digested with iimmoma, it yields xanthamylamide. 
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Eihylamylio hisulphocarhonate, (CPH“)(C*H'')OOS^ obtained mlike manner, 
13 a yeUow oil. 

Amylic Trlsulpbooarlionate, C"H'=3 = (Hu&emann, Ann. 

Ch Phnrm oxxvi, 209). — ^Prepurod, like the corresponding etliyl-compoiind (p 6O0j, 
by the notion of amjlic iodide in alcoholic solution on trisulphociirboiiato of sodium 
It IS a yellowish oily liquid, having an unpleasant odour, insoluble in water, soluble 
in alcohol, ether, chloroform, iind benzol Specific gravity = 0'877 Boiling-point 
between 245° and 248° 


7, Getyl-oompound 

CatyldlaulpUocarbonlo Acid, C”H“*OS'‘ = (C“II™)IICOS’ SiilpJiocathoeetio 
Acid Xantliocetic Acid (Beaains and Be la Provoataye, Ann. Ch Pliys [3], vi 
494.; — Known only as a potassium-salt, C’E^KOS-, which is prepured by adding 
pulverised potassiuni-hydiiite to cetyhc alcohol siiturated with carbonic disulphide, 
and gently heating the pasty mass, winch toims after some hours, with four times its 
volume ot alcohol ot 40°, keeping the tonipciMturohelowtho boiling-point The solution 
on ooohng deposits the salt in bulky flakes, whicli may be piinfied by sneeessivo washing 
widi alcohol and ether. After drying in the air, it forms a very flue crystalline powdci, 
having a hunt odour, and unctuous to the touch; it is very hygroscopic, but is not 
wetted by water. 'When digested with hydrochlonc acid it reproduces cetylic alcohol 

The alcoholic solution of the potassinm-salt forms, with tnercnino chloride, a whito 
precipitate, mth acetate of lead a white, and with nitrate of stiver a yellow piecipitate, 
both of which blacken rapidly , witb sinc-snlta, a white gelatuiong precipitate. 

5. Ethyl-compounds. 

Etliylnionosulpbooarboiilc Aold, C’H'O’S = (C^H‘)HCO“3. (Debus, Ann. 
Ch Pharm, Ixxv. 130, 136, 142, Ictxii. 263.) — The potassium-salt of this acid is 
produced by tho aotinii of hydrate or snlphydrate of potassium on ethyho monosulpho- 
oarbonate, or of potash on otnyd’O disulphooarbonato (see equations, p 496, 7). Chancel 
prepares it by passing carbonic anhydride into an olcoholio solution of potossio mer- 
oaptido : 

(PH>KS -I- CO» = (C*H‘)KCO’S 

Ethylsulplioairbonate of potassium orystallisos in long needles or shining colour- 
less prisms, apparently isomorplious with xnuthato of potassium. It is very soluble 
lu water, but not deliquescent. Its aqueous solution decomposes gradually at ordinary 
temperatui’es, and instantly at the boiling heat, yielding etliylic carbonate, eulpUido and 
snlphydrate, tugetlior with alcohol. 

Bthylmonosalpbooarbonlo SulpBido, C*H"’0*S-’ => (C^H’O)'" 2COS «= 
(C'TDS)^.2CO^ Biourhanate dc Instdphure d’ khyU. (Chancel, Compt rend, axxii. 
644 ) — Obtained by adding iodine to an alcoholic solution of potassio othylmonosul- 
phoairbouate (p. 496). It is a eolomdess, highly rofraotivo oil, insoluble in water, 
very soluble m alcohol and ether, heavier tliun water , stains p.iper. It is decomposed 
by alcoholic potash, yielding ethylmouosulphocarhonato and sulphide of potassium, 
together mth sulphur. — With deohalus ammonia, it yields sulplmr, sulphydruto, .ind 
carbonate of ammonium, together with crystals, jirobably consisting of othyhe earhi- 
luato (urothano) — When ammonia-gas is passed into its etheieal solution, crystals of 
sulphur are deposited, and the liquid retains in Solution sulphide and allophanate of 
ethyl (1. 133). 

2C»H‘»0<S“ + 4NH> = 20*H»N20» + C>H'"S + S" + H=3 4- 2a?0. 

Ethylic ullo- Ethyllc 

plmnate sulphide 

Ethyllo AConosulptiocarbonate, C'H’®0“S (C'H®)*CO“Se (Detiiis, Ann Oh. 
Pliartn. Ixxv. 136. )r— Produced 1 In small quantity by the action of ethylic chlondo 
on ethylmouosulphooarboniitc of potassium (see equations, p 494, (1). — 2. In larger 
quantity by diy distillation of othyldisulphoearhonie sulphide, obtained by the action 
of lodiuo on xanthate of potassium Tho decomposition begins at 130°, and becomes 
violent at 170° , so that it hecomes necessary to remove the source of heat, and leave 
the action to go on by itself Tho first portion of the distillate thus obtained is a 
mixture of c.arhome disulphide and ethylic muuosulphocorhonate , the latter consists of 
ethylic disnlphocarbonate, distiUins at 200° (sco equations, p. 491, c). The muuosnl- 
pliocarbouato must be rectified tiU it boils constantly at 162°. 

Ethylic raonosulphocarbonato is a strongly refr.ictnig liquid, having a pleasimt 
ethereal odour Speciflcgrai ity = 1 032 .it 1° It is iiiauluble in water, Init disaolves 
easily in alcohol and ether. Mixed with iileoholie siilphyilraU if putisssiii',,. and 

Vk V. KK 



498 


SULPHOCAEBOKIC ETHEES. 


cooled to 0°, it doposite cryrtiils r*- 

mdplij diato leraains in bolution , 'with 

alcohol and potiwsie carhuuiito ( , ^ i aiu- 

moma-gii? and concentrated, it j lolda yellow needles, mixed -with a gelalinoua sul ishinee 

BtHyldlsulptaooarDonlo or Kanthlo Acid, CWKliS- = (C^II‘)HCOS-. (Zoiso, 
f?chw ,1 xxxvi l;xlm 160; Pogg. j\nn. xw -107 — Gonorbe, ^Inn. Ch. Phyb [2] 
1x1 22r)— Sftce, Ann. Ch. Phitrm. li. 34fi — Dobins, Ixxii 1, hxv 121; l.wxii 

2M— DoBiunH, Ann Ch Pliys [3] xx 400 — HI asm etz. Ann Ch. Pluim cxxii. 
87 ) — Tho potusbium-snlt of this acid is produced by adding carbonic difiiilphido to 
nleoholic potash, or by the action of potiisbic bulphydnito on neutral cthylic dibulpho- 
cnrboniite (xauthic ctliou). 

IVUeii fused liydriito of potassium is disaolred in half its weight of absolute aleoliol, 
ciirboiiie diMilphido then slowly added till the liquid no longoi oxbibita an iilkiiline 
reuetion, mid the iiiixtuie cooled to 0°, s.anth.ite of pohisbium separutea in colourless 
needles, and an additional cpiiiutity may bo obtained by evapoiating the mother-liquor 
111 a v.icnnni, after tho exceaa of carbonic disulphide Inis been separated by water To 
obtain tho free acid, tho potaBBinm-B.i,lt is placed in n large cjliiuh'ical vessel, and 
treated with dilute sulphuric or hydiochloric acid , a milky liquid la tlien formed, 
fioni which tho iieid may bo more compiletely separated by further addition of water 

Xantliic acid is a colourless oil, heavier than water, aud insoluble therein , it has 
a strong odour, and its tasto is acid, astringent, and bitter It first reddens litmus, and 
thou biciiches it. Ibis voiy infliiramable, and gives off, in burning, llie odour of sulplm- 
rons neid. It cannot bo he.iteil without decomposition, becoming tnrbid at 21°, then 
hcgmiung to hod, and heiiig resolved into alcohol and carbonic disulphide C*IPOS^ 

C°H“0 + C.S'*. Wlioii exposed to tho iiir, it becomes covered with a whito crust, 
It expels carbonic acid from its olkuhuo salts 

C’HMq 

Tho santhatoB or othyldisiilplioearbonates, (CS)">q’ are decomposed by 

distillation, yielding chiefly carbonic anhydride, sulpliydrio acid, carbonic disulphide, 
and a sulphuretted oil, and leaving a ivsiduo of metallic sulphide mixed with charcoal. 
Tile oil, called by Zoise naiitJingciiol, appears to ho a niixturp of etliylic sulphide aud 
Bulnliydiate with another siilplmrottod body. 

Tlie xanthates of tho alk-ih-inetals are very soluble^ in w.iter and in alcohol. The 
ammmmim-mH is obtained by satiiratiug the acid with ammomum-oarbonate, or by 
decomposing the b.anum-s.ilt with .ammonnim-sulpluvte. 

Xaixthalc of Petiimwn, (C°H')KCOS'‘, m moat e.vsily prepared by adding to absolnto 
alcohol an excess of very pure caustic potash oiid an oxeess of carbouio disulphide. 
The mixture amraediately solidities to a mass of interlaced silky needles, winch must 
be washed on a filter with ether, then piressed beta oen bibulous paper, and dried over 
oil of Titnol. 

Tho salt crystallises in shining colourless prisms, which turn slightly yellow on 
exposure to tho air. It is very solublo in water and alcohol, but insolublo in other. 
Its aqueous solution decomposes when heated .diovo .OO®, yielding potassio trisulphociir- 
bonalo, alcohol, aulphydric acid, and cavboiuo anhydride 

2C»H“K0S», + 2H°0 = E°CS» -s 2C°E“0 + ffS + 00^. 

In tho dry state, it may bo heated to 200° without alteration , at higher temperatures, 
It givesoff cthylic sidpuydrate (mercaptan), aulphydric acid, water, aud carbonic oxide, 
leaving a residue of potassio sulphide mixed with charcoal. The solution, heated uath 
jio/axk, IS resolved into mercaptan and potassio ethylmouosulphocaibonate (p 497). 
With c/i/o) life, It yields chlondo of potassium and a sulphuretted .loid oil With 
)Ot/i»f. It yields ethyhhsulpliociirhonic suliiliidc, G“H'"OfS' (pp. 4D7, 490). Fuming 
nitric acid deeoinposts tho xauthiito with violence. 

Xmitkife of Soihvm forms yellBw needles.— The bamtm-saU, 2H“0, 

forms very uiistahlo laminse, soluble lu water — The calcumi-aali is a gummy rauBS. 

The soluble xauthatos form a white precipitate with leiid-aalts, yellow with cuprio 
salts (hence the name of the acid), light-yellow with argentic and mercurous salts, the 
last-inciitioiieil precipitate, however, quickly becoming brown and black. 

Tho xiiiitli.itps of tho h e.ai y metals may he obtained in tho ciystnUiiie form, by 
decomposing a solution ot sodiiim-ethylato in a large quantity of carbonic disulphide 
with the solid chlorides of iho heavy metals, the mixture being kept .it the boiling- 
point till till! reaction is comploto 

The liquid ehloniles ot aiitiinoiiy, iirseiiic, unci tin. mixed with 3 pts curbonie 
disulphide, uro iiitiodiiced into Iho solution of sodiiim-othylnto by a dropping apparatus, 
llie.iction being modiuated by eonhiig Tho liquid is separated from tho resulting 
ehloridc ot sodium by pr, ssiire Ihiough line linen, .ind tho crystals obtained by its 
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spoil ^allpoln ovaporution ar? puiifleil'by reciystallisatioii from carbonic disiilplmlo, and 
finnllv by rapid washing with other The antimony-, arsonie-, and iroii-s,alts dissotvo 
ro.itlily in carbonic disulphide, even in the cold , the cliroramm-, cobalt-, and nickel- 
salts on wiU'ining , the tin- and mercnry-aalts, which ciystalliae moat quickly, require 
prolonged boiling to diaaolvo them These aidta are likewiee soluble in ether and m 
alcohol. (Hlaaiwotz.) 

XanthaU of Antimony, |(COS=)* ■= prepared na above with 

pentachlondo of antimony, forma large, lemon-yellow, tnclinre crystals, winch 
behave like the following — Xanthate of Arsenic, (C=H=)“As'"(GOS=)“, forms nearly 
colonricas monoelinic tables, wbicli molt cuaily, are docomposed by heat, leaving a 
residue of araeiuous aulphide, and are decomposed by warm hydrochlono acid — Xan- 
thate of Bismnth, (C'H’)’Bi"'(COS-)*, crystalhaea in shining golden-yellow larainm and 
tablca — Xanthaie of Chrovmmi, (O'H‘yCr"'lC0S-)'', forms alimiiig dark-bliio cryahila, 
dissolving with violet-blue colour in ciirboiiio diaulpliido — XutitkaU of Cohnlt, 
(0-H“)'^Co"(C0S^)'', forma large, well-defined, black ciystals, dissolving in carbonic 
disulphide with dork grasa-groen colour. (Hlasiwetz ) 

Copper-salts — Xanthate of potassium, added to tiio solution of a cupric salt, forms at 
first a black-brown precipitate of oupne aanihate, which qmcUy changes into beniiti- 
fiil yellow flocks of oiiprom xanthate. This salt is not sensibly attacked by sulphjduo 
acid, but alkalino aulphidea decompose it immediately. It is decompoSLd by liot 
bydrocliloric and sulplmrio acids, and atrongly attacked by nitric acid (Zensc ) 
Feme Xanthate, (C'*H"j“3?e"'(G0S'‘)’, crystallises in wry fine, regularly formed, inuiio- 
clinio crystals, liuviug a black colour, and dissolving in carbonic disiilpliidt ii itb broil ii- 
blnck colour (Hlasiwotz ) 

Xanthate of Lead, (0“H*)G?b''(C0S’)“, prepared by adding curLouio disulpUido and 
hydrate of lead to alcohohe potash, crystallises in colourless silky needles, very st.ible, 
nisoliiblo in water and in etlier, modorately soluble in boiling alcohol It is slowly 
dficomposod by sulplijdiio acid, immediately by siilpludo ot ammouiuiu. Its solution 
IB giadually decomposed by boiling, more quickly on additiou of potash, dopiositing 
Bulphiilo of load. _ A solution of cupric sulphate poimed on the crystals iiiiiuediatoly 
ti'.insfoniis thorn into ycUow cuprous santhato. (Bohns ) 
l\[cvcm ic Xanthate, (G*H'')*Hg"(GOS=)-, prop.T.rod by the nietliod of Hlasiwotz, ciys- 
tallises in scales having a satiny lustre — The nickd-salt, (C=H‘')-Ni"(COS-)^ crystallises 
111 largo, bl.ick, monoehnic tables, dissolving m corhoiiie disulphide with yollowisli- 
greoii colom (Hlasiw etz.) 

Goucentvated solutions of silver-salts fom with aolnhle xanth.ites, a hluck precipi- 
tate , dilute solutions give a yellowish precipitate, which qiueklyblackons (Zaisc ) 
Stannous Xanthate, (C“H‘)®Sn"(COS®/, prepared, aecoiding to tlie mothodof Hlasiu etz, 
with stannic chloride, crystallises in shining golden-ycUuw laraiutc and tables 
BthylUisuIpbooai'bonlo Snlpblde, C«H:'«0*S‘ » (C'H’O)'" 2CS=. Aethyl- 
dioxysulphoeaThmiat. (Dosains, Ann CIi. Phya [3] xx 469 — ^Debus, Ann Ch. 

• Pharm Ixxii 1 j Jahrosb 1849, p. 419.) — ^Produced by the action of iodine on x.'inlhiites. 
If an slcoliolic solution of potassic xanthato, exactly decolorised by loclmo, bo left to 
evaporate .it a moderate temperature, tins compound le deposited, after a few days, in 
lamoUhn crystals, which may bo purified by washing with w.ator. It may also be pre- 
pared from xanthate of lead. 

Ethyldisulphoearbonic sulphide molts at the heat of the hand to a yellowish oil, 
insoluble in water, and having a very persistent hut not unplfiisant odour It le very 
soluble in absolute alcohol and in ether. Its solution does not precipitate acetate of 
load , when boiled with nitrate of silver, it gives a precipitate of sulphur. 171111 lucr- 
cuno chloride it forms a white precipitate, which blaekons at 40° , and with platinio 
chloride, after a while, a brown pulverulent precipitate 

It IS decomposed by ho.it, tho docompositiou commencing at about 130°, ami two 
modes of decomposition going on simultaneously, viz • 

G»H'“0-'S' = G“H'"0’S -e GS* -t S. 

sulphocwbotlftte. 

and C"H'"0'’S» = ^C^'»OS' + CO + S». 

With alcoholic potash, it yields a deposit of sulphur and a solution of potnasic x.mt hate, 
carbonate, niid sulphide 

CH'^OW + = C^'KOS- + C’H’KO’ -t K=S + S 



soo 
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C^mCO’ + KHO » K’CO« + C'ffO. 

Ltliyl.c.ir- Ciirbouuto. Alcohol, 

Willi stdph/drate of polashiiim, it yields stilplmr, a largo quantity of sulpliydric and 
gas, and a solution of xaiitliato . 

C“H'"0-S* + 2KHS « aCWKO.S^ + IPS + S, 

Aniinonm-gns passed into its alcoliolic .solution forms xaiitli.ito of ammonium and 
otliylio Bulplioairbamate (xaiitlianiido, p 401). 

C“II'»0’'S* + NIP = C’lPOS' + CIPNOS + S. 



.Sy(free/i/or;cflc«fniayliodistilledovcrethjl-di.su1pIiocaibunrcsiiIpliide without decom- 
posing It Suljihurii; acid attaelcs it in the cold, evolving siilpburoiis anliycliide, 

Poiasismm or sodium added to its ethereal solution mixed with a little alcohol unites 
rapidly with it, fonmng n x.iiithnte (Droclisol, Zoitsclir f. Chem. ISGfi, p. 853) : 

(C’H»0)--C’S< + K“ = 2(C'‘H')KCOS«. 

Btliyllo Sisuipbooarlbonate or Xantbate. Xantblo Etber. C’H"’OS' = 
(CSrla . (Zeiso, Ann Ch Pharm. Ivi. 29.— Dohus, ibidAiacc. 121 )— Produced : 

— 1 By the action of otliylio ehlorido on potassio xonthate — 2. By the dry dis- 
tillation of othyl-disulphocarboiiic sulphido (p. 499) Xt has a pale-yolluiv colour, 
a sueotish taste, and a not very disagreeable odour, is ncutial to to.st-papor, and has 
a speciflc gravity of 1’0703 at 18°. It boils at 200°; burns with ditliculty, if not 
prmionsly heated. 

Xauthio other is quite insoluble in water ; alcohol and ether dissolve it in all propor- 
tions It dissolves iodine, forming a blown liquid Potassium attaclis it but slightly, 
and only wlien heated It is docoiiiposcd by strong mdphui w aaid, and by a mixture of 
that iieid with fuming minoacid, forming^ oily products it is not attacked by hydio- 
cliloric acid ItsalcohohcsolutionformsaivliUepioeipitatowithmcrcKi-ioctojaic It is 
not decomposed by mereuric oxide, oi bypiotoxideor peroxido ofload, even wbeiibeiited 
thereuith. With an aleoliolic solution ot hi/diatc or ndjilii/drate of potasnum, it yields 
mercaptan and othylmono- or otlijl-disiilpbocavboiiato of potassium. — ^When aminontu- 
gas is passed into its alcoholic solution, and the liquid tlioii left to itself for a day, it 
yields a distillate of etbylic sulphide aud ammomum-sulphydrato, and a residue of 
ethyho sulpbocarbamato (xHiitliamido) • 

2C‘H'«OS' + 2NH> » ffS + (C-H')’S + 20=H’NOS. 

Ethyl-meihglia Sisnlphocarbonate, O'H’OS’ = (OH®)(G®B[®) COfl® 

(Chancel, Ann. Ch. Pliys [3] xxxv. 468.)— Obtained by distilling together 
1 at lanthate and 1 at. metbylsiUphate of potassium. It is a pale-yellow lunpul 
liquid, having a specific gravity of 1-123 at 11°, a sweet taste, and a sti'ong, etbcic.d, 
not unpleasant odour It boils at 179°, and distik entirely without decomposition 
Vapour-density = 4 052 It easily takes fire, and burns with the blue flame of ‘ 
' Bulpliiir, emitting largo quantities of bulpliuroiis anhydride It is insoluble in water, 
but soluble in alcohol and ether Ammonia converts it into xantbamido and metliy he 
siilphjdrato. 

Etbyl-trlEUIpbocarbonlo Aold. C’H"S’ = (C'‘IP)HGS*. TrisulplmrelUd, 
Carbuoinic Acid, Auljdiuxaiit/iic Acid. (Chiincol.Compt rciid.xxxii 642.)— Thepn- 
tassium salt of this acid, CffKS'', is formed by tlie direct union of carbonic diaul- 
pbiile with sulphctlijlate (mercaptide) of potassium. It isa white salt, soluble m vater 
and in alcohol, lornis yellow precipitates with silver-, mercury-, and lead-salts , and 
with coppci-salts a precipitate of a scry brilliant starlet colour, resembling mercuric 
lodido 'i'licSH prccipibites dceom^se quickly whan heated, yielding metallic siilphidee. 
I'ho precipitate foiined in a solution ot cnprie snlpliale, is a cuprous salt, whose foi-ma- 
timi IS uccoiiipanifd by that of a peisulphidc, probably containing C’H'"S' = 
(C-H’B)- 2CS“ The potassium-salt decomposes at 100° into pcntasplpbide of potassium, 
and an oil having the composition of aUylic sulphide: 

2C»H‘KS^ .= K-^S* + (G^H»)=S 

Etbylic Trisnlpbooarbonate. C‘n'«S» =. (C-B’y-'CS*. Sulphocaihonate of 
Ethgbe Sulphide (Schweitzer, J pr Chem xvxii 264— Debus, Ann. Ch. 
Pli.irm Ixxv 147 — Ilusomann, OottiiigerNacliriehten. 1861 , 11 . 275 ; Jaliresb 1861, 
p 344 ) — ^This ether IS produced’ 1 By the action of etbylic cliWido or iodide on tn- 
siilpliocarhoiiate of potassium V.ipoiir of ethylic chloride is passed into the red 
liijnid pvecipitatHl on sivtuv.iting .vii .ileoholie solution of neiita’al potassic sulphide with 



SULPHOCARBONIC ETHERS. 


601 


Ciivbomc diBuIphide ; the liquid is then left at rest for a 'while, and the vapour ngaia 
passed into it Cliloride of potassium is than gradually deposited, and on adding 
water to the decanted liquid, ethyhc trisiilphocarhonato separates ns an oil, which may 
bo purified from excess of carhome disulphide by washing, rectification, and agitation 
with nqiicons potash (Schweitzer) — 2. Trisiilphocarboimte of sodium is mixed in a 
long-necked flask piwidcd with an upright coiidensiiig-tiibo, with an alcoholic solution 
of ethyhc bromide or iodide. The mixture soon hecomes heated to the boiling-point, 
and the reaction is comploto in iiboiita quarter of nil hour. The othylic trisiilphocar- 
bomito thus produced is sepnr.ited from the alcoholic solution by water, then dried 
over chloride of enlciiim, and distilled till it exhibits a constant boiliug-poinfc. (ffiise- 

Ethyhc trisiilphocarbonato is a yellow oil, henvier tliaii water, insoluble therein, very 
soluble 111 alcohol and iii ether it has a slightly alliaceous odour, and an agreeable'snc- 
cliarme taste, somewhat like tliat of anise. According to Schweitzer, it becomes red 
when heated, and boils between 237® and 240°. According to Ilusemann, it boils con- 
stantly at 24(1°. It burns with a blue flame Alcoholic potash quickly decomposes it 
into trisulpliocarhomite of potassium and sulphydrofo of ethyl. 

According to B c r c n d (Ann Ch. Phnrm. cxxviii .333), this ethor unites directly with 
brimme, without evolution of hydrobiomie acid, forming the coinpoiind 0'‘lI'“S*Br'‘, 
which dissolves in other, benzol, carbonic disulpliido, and excess of bromine, and 
ei'ystallises from the hitter by slow evaporation in I.irge six-sidod prism? It is decom- 
posed by water, with formation of bydrobromio acid ; potash also abstracts tho bro- 
mine, reproducing the original ether. Tho bromine is also aepurated by strong nitric 
or sulphuric uoid 


e. Mcthyl-eompoundt. 

IHetliyl'dlsulpliocarboiilo Acid. (CH>)HOOS' Xantliomethyhe Aad (Du- 
mas and Poiigot, Ann Ch Phiirm [2] xxiv. 56. — Desains, ihid, [3] xx. 604.) — 
Tho •potamum.-salt of this acid, (GH*)]iCOS'‘, obtained by adding carbonic disulphide 
to a sobilion of pot.ish in wood-spirit, crystallises in silky fibres. — The lead-salt con- 
tains (CH>)"-Pb"6-0’S< 

The aqueous solution of the potassium-snlt, treated with a solution of iodine in wood- 
spirit, deposits oily drops of methyl-disulpliocarhonie sulphide, C'H'O'S* = 
(0H’0)“0‘S‘ 

2(CH»)B:C0S» + I’ = 2KI +-C*H«0’S‘. 

Metliylla Slsulpbocarboiiate, C’H'’OS’ ■= (CH'')’COS*. XaniUmeihylio 
Ether. (Ciiliours, Ann Ch Phys. [3], xix. 168. — ^Zeise, i6id. p. 123 ) — ^Whonthomix- 
turo of potassic inethyl-disnlphoearhouato and iodine just mentioned is heated, the 
methyl-aiaulphoearbomc sulphide first formed is decomposed, sulphur and potasaium- 
lodido being deposited, iiud carbonic oxide ovolved , and on adding water to the nuxture, 
mothjlic disnlphoearbonate is deposited in the form of an oil 

C'HWS* = (CH*)''COS« +00-4 S«. 

This other is a very mobile, slightly yellowish liquid, having n strong, persistent, 
slightly aromatic odour. It boils at 170° — 172°. Specific gravity of the hquid => 
1T43 at 15° , of the vapour, 4-2C6. With alcoholic potash, it yielck methybo sulphy- 
inite and carbonate of potassium. 

Metbyllo TriBulpnooarboiiate, (CH’)’CS’. (Cahours, Ann. Ch. Phys [3], 
XIX. 1(13 ) — Obtained by distilling a mixture of the concentrated solutions of calcic 
mertiylBiiiplittte and potasaie trisulpliocaibonato. It is a yellow liquid, having a 
strong pungent odour, nearly insoluble in water, but dissolved in all proportions by 
nlcohol and ether. IJoils at 200° — 206° Specific gravity = 1T69 at 18°. Vapour- 
density = 4'C62 With hnnane it forma red erystala, containing, according to 
Cahours, C’ffBr’S® = (OH*Br)'CS’; according to Berond, on the conti'ary (Ann. 
Ch Pharm cxxviii. 833), the metliylie trisulphocarbonate unites directly with tho 
bromine, -without elimination ot hydrogen. 

Sulphocarhoma Ethers containing l>iatomie Alaohol-radicles. 

Amylenlo Xrlsulpliooarlionate, ^cj5^wy'|s*, obtained by the action of an 
alcohoUo solution of amylenic bromide on tasulphooarbonate of sodium, is a somewhat 
viscid liquid, of more or less jeUow-browu colour, and specific .gravity =. 1'073. 
(Husemann, .Tuhresb. 1862, p 434) 

Iltliyleiilo Trisulphocarbonate, CS.C*HhS°. (Husemann, Ann, Ch, Pharm, 
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cxxiii. 83 , JihrLsb 1861, p 651 )— Obtiined by tlio iiPlioii of aloobolic bromida of 
othylcno on trisulphorarboimlo of sodium It is but slightly soliiblo lu alcohol, and 
Bap.iratos, diu'iiig tlio reaction, us a thick goldcn-yidloiv Injiiid , and by dissolving it 
ill other or othcr-.ilcijliol, and leaving the solution to evaporate, it is obtained in largo, 
transparent, yellow orj stals, which arc combinutious of a rhombic prism with a rhonibio 
octiilicdroii resting on tho prisiiuitic laces, and a inacnidoiiio. It has an nnpUuis.uit 
alliuccoiis odour, dissolves slowly in alcohol, hotter iii other-nlcohol and in etlier, very 
easily in c.irbonie disuliihido, benzol, and chloroform. It melts at 56 6°, and when 
onen fused, solulifles again but slowly. Specifie gisuity = 1 t70. 

Ethyleiiie trisiilphoearhonato is converted by aiimoma into sulpliocyanato of ammo- 
nium and othjleiiic suliihjdr.itp . 

4- ONTfS ^ H 4- } 02 

Heated with ndphgdrate of poiasiium, it yields othylenie siilphydi'ato and potassium- 
tnsulplioeavbonute. Chlorine acts strongly upon it, produemg great heat, which 
L'.iiises the crystals to molt, and forming a dark-red, very fetid liquid. Moderately 
diliito nitiio acid removes one-thhd of tho sulphur, and conierts tlio ether into 
ithjkmo disulphoearboiiate (mfia); hutfiuiiiiig uitrio acid heated with it as long 
as intious fumes are evolved, removes tho whole of the carbon, as well as ono-third 
of tile sulphur, and ronverts it into ethylone-sulphurous aoid, 

(Biiekton and Hofiminn’s disulphetholio acid) See ScLmiUBo-ns Ethees. 

Etbyrlenlc Dlsulpbooarbonate or Xantbate, (Eusemanu, Ann 

Oil, Phaim CXXV1 269 ) — Ethylemo trisiilphocarboiiale, treated, ns above mentioned, 
with modemtcly dilute mtrio acid, yields this compound as a white crystallmo mass, 
which, after pressure hotweoii paper, crystallises from tileohol m long tlun rectangular 
tables. It distils in a stream of hydrogen, without decomposition , is insoluble iii 
water, but dissolves easily in alcohol, ether, chloroform, and benzol , and separates from 
tho last two liquids ns an oil, which does not solidify till touched with the crystallised 

Methylenlo Trlsulpbocarbonate, CS CII- S’. (Hus om a nil, Ann Ch, Phnrm 
ciiTi 200 , Jahresh 1802, p. 433 ) — This compound separates, on gently heating au 
alcoholic solution of methjleiiie iodide with trisulphoearbonato of sodium, as an iinior- 
phous, yeUeinsh- white, inodoioiis powder, which is lusoluhle lu water, and is con- 
verted by fuming nitric acid into mothylono-sulphurous or disulphomethoho acid, 
(SO)’CH’H’.Oh 

Tritylenlo or ^opylenlo Trlsulpbooarbonate, CS.O’H” S’, obtained in like 
manner with bromide of trityleno, is a thick brownish-yellow liquid, insoluble in 
w.ster, and having an offensive odour. It has a specific gravity of 1 31 at 20°; cannot 
bo distilled witbout decomposition, except in a stream of hydrogen , is convortod, by 
moderately dilute nitno .acid, into a light-yellow resinous mass , by the strong acid 
into tntjlone-aulphnrons (disiilphopropolie) acid (Husemann ) 

, Tetrylenlo or Butylenlo Triaulphocarbonate, CS 0*H'.S’, obtained in like 
manner, is a more mobile liquid, li.aniig a somewhat yeUowish-hrown colour, and a 
speoifio giwvity of I 26 at 20°. (Husoniann ) 

StriiFHOOAjtBOVimc BCXB. Syn with E'Tini.-nistii.nHooAiinoitio or Xas- 
thioAcipCp 498). 

SUIFbocETIC acid. Syn. with CBTYLSULimtniic Aom. (See SuiPHimic 
Eras ns ) 

StrBPHOCaBOKOBB»rZA.IH;iBB. G’E'CIN’SO® = (O’H’OlSOY'j ^ 

(Cwno)'\„2 

(SO)" . (E Otto, Ann. Ch. Pharm oxxiu. 216) — ^An amide produced by 

H 3 

the action of idcobolie ammonia on snlphochlorobenzoic chloride, O’lI’OlSO® 01* It 
forms yellowish crystalline grains, easily soluble in ahaoluto alcohol and in ether. 

SVBPaoCHIiOBOBBIirZOlO ACXB. C’H»C1S0» = (G’H’Cl^J)") Q2 ^ 
(C’H''C10)'i 

(SO)" j-O’. (Otto, loo. erf.)— -Produced by treating monoehlorobenzoie acid with 
sulphnrie anhydride Tho viseid mass is gently warmed with a little ordinary 
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BVilpliiinc acid, till, on diluting -with water, oxd^ a small quantity of elilorotonzoic acid 
remitius undecomposed The dilute aolnlion is nnutrahsod with earhonalo of lend, 
and the filtrate is evaporated, whereupon sidpliocUuTAensoate of lead, C'H'‘jPb"ClSO’. 
BH-'O, is at first deposited m concentric groups of silky noedlos, afterwaids a granular 
nwss, prohiibly a mixture of the neutral and acid lead-salts. 

Siilphocliloi'obeuzoic acid, obtained by decomposing tlio lead-salt with sulphuretted 
Iiydragmi, is easily aolublo in water, alcohol, and other, and ciystallisos from tlio 
aqueous solution in long white hydrated needles 

Tile neutral potasaiitnt-saU, C"B“K'C1S0‘ 3H*0, forms small needles, which dissolve 
readily in water and in alcohol, and give olf their water at 120“ —The acid aalt, 
2G'il'KGlS0‘.3H“0, erysluUisos from alcohol in concentric groups of needles, soiuo- 
wlut less soluble than the neutral salt 

Tlie nrulral hat lam-saU, 0'H'‘B.i'ClS0“.2H=0, forms indistinct crusts ; the acid salt, 
C''H”Ba''01'S“0"> IH'O, sometimes forms solid, well-developed, wavellitic crystals. 


The acid calcium-salt, 0“ffCa"CBS'''0"'.3H“0, aeparatoa &om hot dilute alcohol lU 
largo crystals resembling euprio sulpbute. 

(C’ffClO)'") 

I)isulphoohlorobensoteAoid,C'''n?G\.S‘0'‘’== (SO)’ )-0’, is obtained, to- 

H’ S 

gotber with aulphochlorobonzoio acid, by heating the product of the action of sulphurie 
auliydiida on oalorobenzoio acid for some time with ordinary sulphuric ucid. 
SITKPHOCBOZiBIC ACID. Syn with Taurocbouc Acio. 
svBPBocisrsrAMxc Acm. CH'SO* == (C’ji’so’y > Qj ^ lo’. 


(Herzog, J. pv Chem xxix. 61 ) — Obtained by mixing 1 pt ciunamio acid with 8 to 
12 pts. fuming sulphuiie acid of specific gravity 1 92 to 1 87, suturafmg the diluted 
solution with carbonate of bariiun, decomposing the filtered hqiud with basic acetate 
of lead, and ti’entmg the precipitate witli sulphuretted hydrogen 
Sulphoomnamic acid remains, on evaporation in vacuo, ns iin amorphous slightly 
hjgioscopio mass, very soluble in water and in alcohol. Fioin its alcoholic solution 


It is deposited, by spontaneous evapoiation, m elongated prisms conhuning (yH’SO*. 
SH’O. It precipitates the solutions of basic lead-acetate and nieicurous nitrate, also 
that of barium-chloride after some time. 


Sulphooiiinamates — Sidphociunumic acid is dibasic, forming noiittnl salts, 
C“H“I!d*SO*, and acid salts, CH'MSO’, or, for dnitoimc metals, = 

C*H“M”SO’.C’n“SO’. The sulphocinnamates are for the most part very soluble in water 
Those of the alkiili-metols and alkaline oavtli-metals yield, when heated, a mixture of 
sulphate and sulphite, aud after strong enlciniition, a residue from which acids ehininate 
sulphuretted Iiydiogon. 

The neutral banum-salt, C”H“Ba"SO“ H’O, is nearly maoluhle in water. 'Wliou 
boiled with water aciduUted with nitvie aeid, it deposits needles of the aoid salt, 
C’®H'*Ba"S’0"’.2H’0 TTielattcris slightly soluble in water and m alcohol, permanent 
in the air at ordinary temperatures, but becomes dull and gives off its water at 100“. 
Tho crystals dissolve roa^ily ui dilute aqueous ammonia, aud the solution, after a 
short time, deposits prisms, winch give off water and ammonia on exposure to 


Tho neutral potassium-salt, CH’K’SO* obtained by double decomposition, is amor- 
phous, and very soluble in water — The aad salt, C’H'KSO* obtomod by .adding hydro- 
chloric acid to llio solution of the neutral salt, crystallises in iigglomei-ited needles. 

The silver-salt, C’H’Ag’SO’, is obtained by decomposing tho barium-salt wuth 
silver-sulphate, and evajiorating in a vacuum, as a grey amorphous sbiniug crust, 
easily decomposed by heat. 


StrBFBOCUMEnriC acid. Syn. with Comenyi.-sui,phukous Acid. (See 
icLPHDBODS EiHEES ) 


BDIiPHOCUiyilDE. (C»H“)’SO’— This compound appears to bo foiuned, 
together witli cumeuyl-snlphurous acid, when cumol is treated with fuming su'phuno 
acid, and sepaiates, on dilution with w.atcr, as a Bobd body, insoluble lu water, 
alcohol, ether, and benzol (Beilstein and Kogler, Jahresb. 18(16, p. 669 ) 

SUMBOOTAKrACETIC ACID. O’H’NSO’ = Syn. With 


THiooYANOSLyoomc Aoin (g. v.). 
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StnPHOCYAiriC ACID. ONHS ■= jlT. Hyirosutphocyama 

Jcid. S'ifp?ioci/ni>liy(lric Acid Snlphocaihimidc — Sidphurcttcd Chi/azia Acid (Far - 
I Bhitianre, Andritnutkwnaaure (Grotthua). — Ehodan- 

, . iis). 

'J-liia (K’lrl, tuo siiipnur-aii.ilogue of cyanic acid, 'naa firat obsorvcd byBucholz m 
1799 (liiiimgc cur Erwnteiimij und liei uJi/ii/inig dtr Chcmic, i. 88), mid by Eiiik 
(1804, A. Gold, li 460), nftcrwaids more diatiiictly rocognisnd by Porrott (Pliil. 
Tr.iiia. 1814, p. 627), dctciminod ns to its chemical constitution by BdizcUhb 
(S cliw J xTxi 42), and fiirthorcxamiiicd by Wohler (Glib. Aim Ixix 271), Li cbig 
(Ann. Ch. Pli.anii x. 9, xxn 174; xxxix 190, 1. 337, liii 330), Pnrnoll (liid. 
XXXIX 178), Volclccl (dud xhii 80), and otlicn The metallic snlpLocyaimtc.a hiiva 
boon niiaheod chiefly by Claus (J pr Chora xv 401) and Meitzondorl'f (Pogg. 
Ann. 1ti 63) 

Occiirmtce — Snlphoeyanate of potaaainm or sodium occiira in very small quantity 
in the saliva of man, and of the sheep (L Gmelin). Gobel found it in a human 
wilivnrj ealciihiB. The distilled watersof certain cruciferous plants (cocblearia, mustard, 
radish, &o ) give with feme salts the cb.iractenshe reaction of sulphOSyiinic and. 

Formaiioa — Sulphoeyanic acid and its salts are produced ' 1. TAy the direct conibi- 
nivtiou of oynnides with sulphur, just as cyiinatcs are formed by the combination of 
cyanides with oxygen ; «,(7 , oy the calcination of cyanide or ferrocyamdo of potassium, 
&c with sulphur, or by boiling a solution of potassic cyanide with siilphiu', also by 
calcining nzotiscd eluireoul with potassic sidphate, or with a mixture of potassic carbo- 
nate and Bidphiir. 

2 Py the action of cyanogen-gas on monosulphidcs or persulphides. In the former 
caso, a cyanide is also formed, just as the action of cyanogen on a protoxide gives rise 
to thu formation of a cyanide and a cyaiiato . 

CN + K’S = CNK -I- ONES. 


In tho case of a disnlphide, tho action is one of simple combination ; with higher sul- 
phides a sepiiratioii of snlphur takes place , thus . 

2CN + K'S’ = 2CNES ; 20N + E=S» = 20NES + S». 

3. By tho reaction of certain cy.midos with metallic persidphides ; eff., mercuno 
cyanide and potassic trisulpihide mixed m aqueous solution ■ 

Hg''Cy* + E“S’ = 2CyKS -(■ Hg"S 

A similar reaction is produced when Prnssinn-hhio is boiled for a long time with 
potassic hver of snlphur , also when aqueous pcntnaulphido of potassium is mixed 
with hydrocyanic add, sulphydrio acid being then evolved and sulphur precipi- 
tated: 

2HCy -r E"-S* = 2CyES -t- H’S + S’, 
tn like manner hydrocyamc acid, sulphur, and aqueous ammonia, to which a sm.ill 
quantity of animomum-siilpliydrato is added to facilitate tho solution of the sulphur, 
yield sulphocyanato of ammonium 

HCy -t NH» + S = Cy(NH')S. 

A solution of hydrocyanic acid saturated with sulphydrie acid, is converted, on expo- 
sure to the air, into sulphoeyanic acid, in proportion as the hydrogen of the sulphy- 
dric acid is taken up by the oxygen of die air Hence the contamination of Vauque- 
liii’s prussic acid (prepared by decomposing meremuo cyanide with sulphydno acid) 
■mill sulphoeyanic ncid. 

4 By the action of carhomo disulphide on alcoholic ammonia, the two liquids being 
hoatod together in a sealed tube. 


(CS)"S + NH“ ~ (CS)"H.N + H’S. 

5. By tho decomposition of aqueous snlphoearbamic acid (p. 490) : 

n H 4 E’S 


C. By tho action of alkalis on ethylie snlphoearbamato (xanthamido, p. 491): 

= (CSr?N + 


Thoao last three reactions indicate that snlphocyamc acid has the constitution of 
biilimocarbimido (p. 493) 

7 Wlicii animal suhst.inccs arc eh.iiTCd by heating with oil of vitriol, tho residue, 
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On being subjeotod to n stronger heat, yields, amongst other products, sulphocyanato of 
ammonium. (0. Henry, .T Ghini. mid. xxi 301) 

8 Sulphocyanie acid is formed, togetlior rrith carbamide (urea), by the action of 
sulphydnc acid on ammonio-cupne .fulminate. (Gladstone, Ann. Oh. Plurm, 
Lto. 1)- 

(HH*)’Cu"C‘N'‘0‘ -t 3H=3 = 2CN=H:<0 + 2CNHS + 2^0 + Cu"S. 

Ainniomo-cupric Carbamide. bulphocjoiilc 

9. Sulphocyanie acid is formed in certain decompositions of volatile oil of mustard 
(allyl-sulphocyanie ether). 

Ftqmrahon. — Sulphocyanie acid, or hydrio sulphocyanute, is separated from the 
metallic sulphocyanatos by the action of stronger acids. It may be obtained in tho 
anhydrous state by heating ^ mercurous sulphocyanato in a stream of sulphydnc or 
hydrochloric acid gas ; and in aqueous solution by the same reaction, the mercurous 
cyanide being suspended in water, — or hy decomposing the banum-salt with an exactly 
equivalent quantity of svdphiiric acid. 

Froperiics — Anhydrous sulphocyanie acid is a colourless liquid, which crystallises at 
12'6° in six-sided prisms. It boils at 86“ (Artus), at 102 6“ (V og el), has a pungent 
odour like that of aoetio_ acid, reddens litmus strongly, and has a veiy acid taste. 
The aqueous solution exhibits similar properties. 

Decompositions. — 1. Tho anhydrous acid is reiy unstable, and is quickly resolved 
into hydrocyanic and petsnlphpcyanio acids (iv 378). 

3CSHN =. CHH -I- C'HWS*. 

The aqueous solution decomposes slowly in the cold, quickly when heated, partly into 
earhonio dioxide, oarbomo disulphide, and ammonia. 

2CSHN + 2H*0 « C0» + OS’ + 2NH*, 
partly into oarhonio dioxide, sulphydric acid, and ummoma* 

eSHH + 2H’0 = CO’ + H’S + NH*, 
partly also in the same manner as the anhydrous acid, yielding a solution of hydro- 
cyanic aoid and a yellow precipitate of persnlphoeyamc acid. In consequence of this 
last decomposition, sulphocyanie acid acts poiaoiiously, liko hydrocyanic acid. All 
tlieso reactions are accelerated by boiling the sulphoeyanic acid witb concentrated ncids. 

Sulpbocyamo acid saturated with sulphtjdne acid, yields after a while earhonio 
disulphide and ammonia — "With chlorine and mine acid, it yields a yellow pvecipit.vte 
of peisulphocyanogen (iv. 380). — Gently heated with metalhc caic, it gives oiFsulphy- 
drio acid ; more slowly witli iron. 

KetaUlo Sulphocyanatos. Sulphocyanides. Uhodanides. — Sulphocyanie acid 
is monobasic, forming, inth monatomic metalB, salts represented by the general 
formula ^^js or |n. Tho sulphocyanatos are for tho moat part soluble in 
water and in alcohol. They are decomposed by tho stronger acids, with elimination 
of sulphocyanie aeid, •which then generally undergoes ftnthor decoinpoaition. Cold 
diluto acids, however, exert this action only on sulphocynmites corresponding to 
sulphides which ore docompoeed by the sumo acids • thus they do not decompose the 
sulphoeyanates of morenry, copper, and silver — Ditnc acid and cMonne deconqjose the 
solutions of sulphocyanatos, precipitating persulphocyanogen. All sulphocyanatos .iro 
decomposed by heat, more or loss strong, into nitrogen, cyanogen, carbonic disulphide, 
and metalhc sulphide. Calcined with potassio hydrate, they give off carbonate of 
ammonium — Sulphoeyanate of potassium ignited" with motollic ircai, yields snlphido 
of iron and cyanide of potassium 

Soluble sulphoeyanates give, with a mixture of cnpno wA ferrous sulphates, a white 
precipitate of cuprous sulphoeyanate insoluble m water, lliey also give white pre- 
cipitates with mercurous, argentic, and auric salts — With feme salts they give no 
precipitate, but a blood-red coloration, or reddish-yellow in case of very great dilution 
The reaction is extrenicly dnlicate. A piece of ordinary paper held over a solution of 
potassio sulphoeyanate mixed -with concentrated hydrochloric acid, becomes reddened 
by tlio action of the evolved sulphocyanie acid on the small quantity of iron-salt eon- 
tamed in it, Tho red colour of ferric sulphom’imate may be dislinguisbod from that 
of other feme salts by two cbar.icters 1. It is not toned yellow by addition of 
hydrochloric acid, even in largo quantity —2. On immersing apiece of zinc in the liquid, 
sulphydnc acid is given off, and may ha detected hy its power of blackening a strip of 
paper impiegnated mtli solution of lead-acetate 
SULFHOOXANATE of AnujiiuiiiM is a gummy mass, the solution of which is 
decomposed by evuporation 
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SuLPHOcYAN VTvorAujioKiuM, NII'GNS =. NH'CyS, — This baH Is olitiiiued . 
1 lly doeuraposing the eujnio suit with bulphydr.ito of ummonmm, and evaporating the 
liltiute — 2. By mixing hydrocjanio iicid with polysnlphide oi .unmoiiiiim (a sohitiuii 
of sulphur in MilphjiUntc of ummoniuiu), and ^‘paiating Iho resulting biilplioeyaiiiito 
of iininioniiiin troni precipitated sulphur hy water or alcohol (This mode of fornia- 
lioii IS eiiiploied .IS a tost fui hydiocyanie acid, ii 219). The piiissic acid, prepiu'od 
bj diHtillnig 181) pis polassic feriocMiiiide with 90 ptH strong siilpliiirie acid tiiid 
10 ptM water, IS digested with the sulpihide of aiuiiionium obtained hj satiinitmg fit) pts. 
aqueous !innuoni.i of specilie gravity 0 llj with siilphydric aenl, .ludi'iig 00 jits more of 
the .iimiioiim-sohition iiud GO pts sulphur , Ihn miximo is boiled till the whole of the 
iimiiioimini-.sidpliido is decomposed with piceipitatiou oi sidphiir , and tliu liquid is 
filterud and ci.tpoi-.iled The product umouuts to 10— 50 pts of dry sulphocj au.ito 
of aninioiiiimi. (Liehig) ^ 

3 By heating carboiiic disulphide with excess of ammonia • 

GS' + 4NH“ = (NII*)CSN + (NDO'S. 

A mixtnro of 1.500 cc. aqueous nminoni.i [of what streiigtli?] and 200 e c carbonic 
disuljilmlo and 1500 c e alcohol of SG por cent is distilled down to oue-half, alter 
standing for 24 hours, the residual hqunl is evaporated to thociystallisiug-puiut, aud 
the sulphocy.inato thus oht.uued is purified by one rccrystalhsatiou The alcoholic 
diatdhito, which contains a large quiiutitj of .immoniHm-sulpludy, may be used for a 
second and even a third preparation (Millon, J. Pbaim [3], xxsviii. 401 ) 

For prop.UM.tiou on the huge scale, Gilts lias patented a similar process, iuwliidi, 
liowi ver, the use ot alcohol is avoided, and the e.aibonic disidphido is made to act upon 
a mixture of concentrated mnnioiiia and sulphide of ainiiiotmini, the materials being 
mixed in the cold, and a small quantity of fixed oil (amouutmg to 2 or 3 per cent of 
tlio ciirboiiic disiiljihido) iiddod, to form mi eiiiiilsiuii with the ammom.i and facilitate 
tlic admixture An animouiacal solution of aiiiniouium-siilphocnrboiiate is tints tormi d, 
wiiteh, after sepaiafiun fiom Ihc layer of oil which floats on its surface (to he used m 
a siiljsoquoutoperetioii), is subjeeted to distillation The sulphocoiboii.ite of ammuiiiuni 
IS thereby resolved into siilplioey.uiate of aminoninm and sulphych'io uoid • 

(BB'y-CS" = (NH-'yGNS 4- 2H=S, 

the foi’Dior remnmuig in the retort, while the latter passes over, together with excess of 
.inimmmiin-sulphule, .uid may bo eondoiised in a receiver containing aqueous ammonia, 
thereby supplying material for futtu’O operations — The sulphocyan.ite of ammonium 
thus obthined is easily converted into other sulpliocyauates by distillation with fixed 
b.ises (lUp Glum App 1862, p 140, see also SoLPHocxAitATn op PoTAsaiuii, 
p 513) 

4. Together with mercaptan, hy tlio action of nleohohe ammonia on ethylio trisiil- 
phoom'boiiato (Hnsom ann) • 

(C'H»)’GS» + 2Nn’ = (NH<)ONS + 202H«S. 

Sulplioeyanate of mnmoiiium eiystalhses m colourless deliquescent plates, which are 
very soluble in water and in alcohol, melt at 147°, aud decompose at a higher temper- 
ature, giving off carbonic disulphide, siilphydvio acid, .ind ammonia, aud leaving a 
residue of mel.im, which is fiiitilly converted into hydromollone. According to 
Liebig’s formula (iii 865, 87 1) • 

8(BH^)CN9 = 2CS» + 4ffS + 5NH« + C“N"ff. 

Sulplioeyanate Melam. 

of anuuonluiu. 

CoNUH» = 2NH^ + G«N»EP. 

Melam. HyilromeHonc 

SuniHOCTANATE or Babiom, Bii”Cy’“S’ 21I''0, crystalhses in long, sliining, 
deliquescent neodlos, very soluble in water and alcohol, and containing 12 4 per cent 
water, winch they give off between 160° and 170°. — A compound of this salt with 
Mil nine c//aiit</e, B.i"Gy-S’ Hg"0y% separates in small nacreous lamiuiE, fioiii a warm 
bolutimi of the componeut salts (Bdekmaun, Ann Gli Ph.im. xxii 153) 

Sui.piiooTAN ATE or Bismuth, BfCy’S’, is ayellow powder. 

SuLPHoc'i anati, or Cadmium, Cd"Gy-S^ forms shining, colourless, anhydrous 
crystals, slightly soluble in w.iter. Ammonia dissolves them, .and the suhition yields 
crjstals of cudiuainiuimutin-t<ulplioctjanale. (N=H''Gd")"Gy“S-, which arc decomposed by 

SuLpjiocYANATE OF Caecium, Oa"Cy‘S- SH’O, forms deliquescent needles, very 
soluble in water and m alcoliol —The compound Ca"Cy-S- Hg''Cy-', obtained hko the 
corresponding hnriiim-salt, forms sinning white lamiiim. (Bockraaiin.) 

Ghbomic Sulphoctanatu, Cr'"Cy’'S’ — Chromic hydrate dissolves easily in 
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dduto sulphooyanio aoid, forming a greenish-violet solution, -which dries up over oil of 
vitriol to a blackish-green, amorphous, doliqnesoent mass. (Clasen, J pr. Chem. 
xevi. 349.) 

Cliromo-diammonw-sulphocyamo Aind,WCtS}Cy'^' = [N (Or H^)] __ 

Cr"'|g,. (A. Eainaoko, Ann. Gh Pharra. cxxvi. 113.) — ^The ammomum-salt of 

this aeid, 11^0rH.'“Gy^S^ »= lir-CrH*(NH*)Gy*S‘, is obtained hy gradually adding 
pulvorised dichromato of potassium to fused sulphocyanato of ammomuni, tiU 
the mass becomes solid. Ammonia is then given off, with strong intumesceucu , and 
on treating tile product -with hot water, flltenng to separate an amorphous substance, 
and introducing lumps of sal-aramoniae into Iho filtrate, the ammomacal compound 
above mentioned separates in small shining scales. Its formation may be represented 
by the equation 

8(Nff)CyS + Cr’O* =. 2(N»GrH‘».0y<S<) + 2NH» -t 3ffO. 

. This compound dissolves mth ruby-red colour in water, alcohol, and other, and 
orystallisos from water in small rhombic dodecahedrons resembling garnets It bears, 
witlioiit decomposition, a heat of 120°, but decomposes at a red heat, leaving sulphide 
of chromium , and when heated -with water, yields sulphoeyanate of ammonium, siil- 
phocyanate of chromium, and chromic oxide It is easily decomposed olso by dilute 
acids and alkalis — m the latter case, aceordiug to the equation . 

2(N“CrH'“.Cy'S') + 8KHO = 8K0yS + ONH’ + Cr=0> + SB?0 


The same compound appe.u's to have been obtained by Morland (Chem. Soo. Qu. J 
xiii 2S2), who, however, assigned to it the formula, Cr"Cy®S’ (N5'‘)’0 
The molecule, NIP, in tlie salt just described, may be replaced by othermetals. The 
(N“Cr"'H‘y'i 

potaisium-satt, H >Cy‘S‘, is obtained by treating the ammonium-salt with 


strong potash-ley, and reerjstallising from hot water. It forms rnhy -coloured Inminai 
or cubes, dissolves -with deep ruby eolom’ in water, alcohol, and ether, and decomposes 
like the iimmoniiun-salt, when boiled -with water, acids, and alk.alis. — The sodiunirSu.lt, 
N^Cr"'H®)HNaOy*S-‘, prepared in like manner, crystallises in unctuous scales — ^I’ho 
msiov.no salt, N*(Or"'H“)-H“Hg"Oj'S“, is obtained, by precipitation with mercuric 
chloride, asafiocculentrose-colomeil precipitate, insoluble in water and m dilute acids 
It decomposes abovo lo0° into siilphiJo of mercury and sulphide of cliTomium, 
and by boiling with potasli into ammonia, suiphocyania acid, movcimc oxide, and 
chromio oxide — The oiiprous salt, N*(Gr"H‘')HCuGy^S'', is obtained, by treating the 
ammonium-salt ivlth cupric sulphate and sulphurous acid, as a yellow pidvemleut 
precipitate, decomposed by heat and by potash similarly to the mercuric salt — ^Tho 
ammonium-salt forms, with mti ute of silver, a rose-coloured procipitato quite insoluble 
in water and in dilute acids , and -with lead-salts, a yollowish-red precipitate soluble in 
boiling water. , 

The hydrogen-salt, or free acid, is obtained, by decomposmg the mercuric salt sus- 
pended in water with snlphydric acid, as a deep red solution, which is decomposed by 
boding, but dries up at low temperatures to a red amorphous mass Tho solution has 
an acid reaction, decomposes carbonates, and acquires a stiU darker red colour when 
mixed with ferric chloride. 


SuLUHoevANATE ov OoBALT — Recently precipitated cobaltous hydrate dis- 
solves in aqueous sulphocyanic acid, forming a bro-wn-red liquid, which turns blue on 
coucentratiou, and finally leaves a crystalline yellowish-brown mass, very soluble in 
water and in alcohol, and forming a compound with ammonia 

SuiPHocrANATES opCoppEB — The cupiicsalt, Cu"Cy=S^, is a blackcrystalluie 
powder, obtained by precipitating a concentrated solution of a cupric salt -with suJpho- 
cyaoate of potassium, care being taken not to add the latter in excess Tho precipi- 
tate is converted' by waslung into a cuprous salt, and is not formed in dilute solutions 
It (hssolves in ammonia, and the eolation yields small needles of ettpt aminomu?n-etd- 
phocj/anate, (NmWyVy-S^ 

Tile cuprous salt, Cu'CyS, is precipitated us a white jiowder, on adding a solution of 
potassiuin-sulphocj anate to a mixture of cupric and ferrous sulphates It is insoluble 
in water and in acids, which do not decompose it, but dissolves in ammonia, foimnig.i 
crystalline compound 

SuiPHOovANATES OP GrOLD — On mixing the solotiona of pntassium-sulphn- 
cy.iuate and aiirie ehlorido, a llesh-coloiired pivccipitate is fornfed. soluble in ammonia. 
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When a Bolutioa of nunc cWonda neutralised with acid potiissiiim-earhonato, is 
added to a solution of jiotnssiiiiii-aulpliocyan.ito Icept in oxccas, a bulky orunpo-red 
pi'eciiiit.ito IS formed, consisting of potoi!,w-aurw sii/^j/ioci/aiiate, KAu"'Cj’<S< = 
K(JjS.Au''C)®S-. On heating tlio liquid, the precipitate dissolVes, and partly separates 
on cooling in nriinge-icd noodles of unaltered eoiiipositioii the gi'ealor part, hoy ever, 
reniains in sijliitmn, nnd decomposes on m eporation, with rixlnetion of metiillic gold 
and ovolulinn of Milphucjanic iicid, so that, fiimllv, chloride of potnssiuin nnd potiissm- 
auroub BuiphocMiuuto crystallise out Tlio preeijiitalo of putassio-auuc sulphocyaiiaUi 
is dei'ompiisid liy water, niid dissolies in iilcuhol and in ether 'L’hu aleohoho solution, 
niisoil uith liydrocliloric iicid, deposits atler ,i while copjier-red needles, soda deco- 
lorises the solutioii, nnd sepamtes a bliiek-liliie ponder, miitiionia causes the forma- 
tion ot n lute needles , ferric clilorido colours the solution blood-red, other iriot-dlm 
salts foim diirlv-coloured prec ipitntes — JWo'sie-m'KWS iiiljihoii/aiiaie, KAu'Gy-S*, 
IS most readily ohlniued hy mixing a solution of potassium-aulphocyanato, warmed to 
811“ with small quantities of noutial auric chloride, as long as tlio led piecipitate 
disapiieais oil stirring The salt, separated by evaporation and purified by recrjstalli- 
silion, forms long, stimw-yellon, truncated prisms, which melt at l(ll)°, and are 
resolved into siilphui, carbonic disulphide, metallic gold, ond sulphooyannte of potiis- ■ 
Slum. The aqueous solution, mixed with hydrochloric acid, sometimes dejiosits coppor- 
red noodles, it forms white prccipiutos with anunonw, ferric ehlondo, mercuno 
chloride, argentic nitrate, and neutral plumbic acohito, yellow-brown with ciipno 
sulphite, black-brown with slnnnous clilorido , bliickwith mcicurous nitrate — It is 
Coloured red by ferrous sulphate, with piccipitiition of gold, brown by sulphydric 
acid, it blaclcens slowly on exposure to light — The precipitate formed by ammonia, 
Nff.AuCyS, gradually decomposes and turns black ; liot water abstracts ammonia 
from It, leavmg 11 gi'ccii powder (P T CIovo, ICougl Vetonskap. Akad. Porhand- 
bngar, xx. 23S; Juliresb. 1806, p 296 ) 

SuLPiioowANATE'S OP Iiiox . — 'Xhefirrous wli is soluble, of piilc-gi'een colour, 
and TCry unstable 

The fcri-to salt is blood-red, nearly black, deliquescent, soluble in water and in 
alcohol. The blood-red colour of tins suit is produced whonovor a sulphooyanato is 
mixed with a feme salt It is destroyed by alkalis which piocipitato feme oxide ; 
also by many acids (c .9 phosphoric, .irsemc, i^io, oxalic), eioii in sniaUquiUitity ; but 
restored hy addition of a ferric salt; hydrochlouc acid, even when concentrated, does 
not decoloiise the liquid , nitric acid, on the other hand, decomposes the sulphocyanate, 
and destroys the colour (p 608) 

SuiPHOOTAniTEs OP Lbad — ThencntioZ soft, Pb"Cy-S’. is gradually deposited 
in opaque ehimiig-ycUow crystals, on mixing a solution of loud-aectate with sulphooya- 
mvto of potassium The crystals arc nionoclmic, exhibiting the doniinaiit combination, 
+ P , -3P. oP . 00 P 2 . +3Pco. Anglo coP2 : a.P2 (clinod ) = 120“ 3S', 
oP-«P2 =. m°31',i)P- +P = 116°65'.oP.-3P = 119“3'ioP 3P«. = 87“ 46’ 
Axes, a . i • c = 0 923 . 1 1162 • 1 Anglo ; c = 65“ 20' Spociiio gi-avity of 
crystals = 3 82. The salt is but slowly decomposed by sulpliydrio acid It is insoluble 
in w atvr, but boiling water converts it into .1 basic tall, Pb''Cy’S‘ Pb"H’0* The latter 
is likewise obtained on mixing sulpliocy aiiate of potassium with ammoniaeal phiiabm 
acetate, or with the basic acetate, as a white curdy precipiuto, becoming yellowish 
nud pulverulent when dry. 

SunrnoevASATE op Maokesium, Mg"Cy’S“ 4H’0. — Confused crystals, very 
FolitUe in water and in alcohol. The compound Mg''Gy''S“.Hg"Gy®. prepared like the 
Coriesponding harimn-sult, is a white crystaUiuo powder. (B ockmaun.) 

SunpnooYANA'i’B OP Manganese — ^Very soluble 

SutPHOCTANATES OF Meecu B V.-— T ile mcrourovs salt, Hg'CyS, is a wlute pro- 
cipiUte, formed on mixing mercurous nitrnto with sulphocyanate of potassium (W o h - 
lei’l; according to Clans, the solutions should bo very dilute. The di-y precipitate 
so ells up suddenly when heated, gnmg off nitrogen, oncbonio disulpliido, and vapour 
ot nieieury, and leaving a grey mass resembluig graphite, which by calcmatiou is con- 
verted into mollono On account of this property, the salt la used for the preparation 
of the toys culled “ Phaiuoh's serpents ” It is resolved by boding ‘water into mctaUio 
mercury and moicunc siilpliocyiiiiatc. 

The meictow salt, Ilg"Uy-,S'', is obtained as 11 white precipitate, composed of anhy- 
drous needles, on mixing mercuric clilorido with sulphocyanate of potassium , it is very 
ehgtitly soluble in water, moderately soluble 111 alcohol (Crookes), A solution 
ot mercuric oxide 111 snlpliocyame acid ynelds, by oviipomtion, needles containing 
water (BorAolms). -An eaysidp/miywiintt, Ilg"Cy-ld= 21Ig"0, is obtained, by adding 
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ammonia to the Bolution of mercuric snlphoey-iunte, as n lemon-yellow powdor, Tthicli 
decomposoB quickly at 180°, and leaves inollouu when enlcined. 

Morciu'ic bulphooyanato forms soveral double salts, whicli have bsen examined chielly 
by Olevo (Kongl. Votenskap. Akad Pbrliandlnignr, xxii. D; J pr Ohem. xei, 227). 
— The cobalt-salt, Hg''Co"Cy'S' => ng"Cy-S-.Oo‘'Gy S', is formed by direct union of 
its component salts, or by gradually adding mercuric cjanide to a solution of cobiiltons 
sulphoeyanata nciduliited ivitb sulphocyunio acid, sepurntes in indigo-blue foiir-sided 
prisms, peimaneut in the air, slightly soluble m water and in dilute liydrocldoric.icid, 
easily iii intrie acid. Tlio same compound is sometimes also formed (together with the 
yellow salt, IIg''Cy' Co’Cy'S' 4H’0), on mixing mercuric eyiimde with sulphoejaiuto 
of oohidt — Ilia femm salt, Hg"]j’e"Gy'S', separates, from a mixture of mercuric sul- 
pbocyunate and ferrous chloride left for some tinio in a vacuum, as a browu crystidhno 
ponder, permancat in the air. — The melcd-salt, Hg"Ni"Cy'Sh2H'0, separates from a 
mixture of the component salts, in small sky-blue needles, which dissolve readily in hot 
w.iter, and give off their water of crystallisation at 120° Zino-mermric sulphocffa- 
iinio, Hg"Zn"Cy'S', is formed, on mixing merenric snlpbocyanate with a snnc-salt, as 
a white precipitate, nearly insolnblo in cold water. (Glove.) 

A mtassio-mcrmno snlphocyanate, Hg"KRy»S’ >= Hg''Cy®S‘ KOj-S, is prepared by 
triturating mercurous cblondo with a strung solution of potnssuim-snlpliocjnuate. 
The liquid, filtered from the black magma thus produced, yields by evaporation a mix- 
ture of yellow tables, onbos, and octahodrons, easily separated by mechanical selection 
The yellow tables, which constitute the potassio-merciinc sulpliocjanate, are purified by 
crystallisation from boiling alcohol, whence the salt separates in radiate groups of white 
niicrcoua needles. It dissolves sparingly in cold, more easily in hut water , very easily 
ui .iqucous ohlorido of ammonium or potassium , easily in alcohol, especially at the 
boiling heat , also in ether. Ammonia added to the .aqueous solution tliows down the 
oxyaidphacyauata above described (Glaus, J pr Chora, xv. 407 ) 

SuLPHOOi ANATE ov NioKEL IS obtained, as a yellow crystalline powder, by 
ci apomtmg the gi'oen solution of mckel-oxide in siilpliocyanic acid. It dissolves in 
ainnionia, forming a blue liquid, ubich yields blue efilorcscent crystals, (N'H"Ni' ) 
Gy’St2NH®, deoomposiblo by water 

SuiPHOCTAiTATB OF Pa LE AD luM is easily solublo in Water. 

SuiTHOOTANATEs opPuATiNVir — Platinzo stilphoci/anote iots not nijpoar to bo 
known in the sopar.ite slate. — The platinoita salt, Pt’Cy'S', probably constitutes tho 
red or brown non-oiystaUine substance obtained by decomposing one of tho following 
double salts with oliloniie or nitric acid , e g , with ehlormo and aulphooydnute of po- 
t.iBsium : 

K=Pt"Cy»S» -f- 1101* + 16H*0 = Pt''C}*S* + 2EHSO* + 2H*SO* 4- 22nCl 

+ 4HCy. 

It 18 insoluble in water and in alcohol, is not attacked by potash, but is coloured 
, yellow by ammonia. It gave by analysis 8 83 and 8 72 per cent, carbon, 9 92 
nitrogen, 18'77 sulphur, 62 27 and 62 02 platinum, besides 0 39 and 1'6 hydrogen, 
the formula PtOy*S* requiring 7 64 carbon, 8-93 nitrogen, 20 38 sulpbur, and 03 05 
platinum, 

J)ouble Salts of tJie Platimim-stdiihocganates. (G. B Buckton, Chem See. Qu J". 
vii 22.) — The sulphooyanates of platinum foian two senes of double salts, called sul- 
phooyauoplatinitos and sulphocyanoplatinatos, analogous to the chloto- 
platiiutes and chloroplatuiates, and represented by tho following genond formul®, M 
denoting a niouatoniio, and N a diatomic, metal • 

SulphocyanoplatiuitcB . . . ^,!|pt"Cy'S* = |“^y||pt''Cy*S* 

SulpbooyanopUtiuates . . . | Pt‘’Gy“S“ => ^^.^g.lPf'Cy'S'. 

The potassinm-salts are formed by the action of potassic snlpbocyanate on platinuns 
and platinie ebloride respectively. The salts of tho alkali-metals and alkaline earth- 
inetuls are soluble in water; those of tho heavy metals are insoluble, and are formed by 
double decomposition. All these salts arc strongly coloured, exhibiting viuaous shades 
of colour, from light-yellow to dark-red They are quickly decomposed by heat, emitting 
a peculiar odour. Ammonia attacks the salts of both series, fonmng sulphocyanate of 
plaUisamnioniura (p 613). Their decomposition by ehlormo and by nitric acid has 
Leon mentioned above 

The following table exhibits tho reactaons of the soluble salts of the two series with 
various mctaUie solutions • — 
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Noutral Lp.ul-'ults . 
Basic Li lul-siilts 
PoiTons halts 
<:oU.ilt-s.vlls . 
Ciiproiis s.ilts 
Cupric ‘■alts . 
j Jlcreuious salts 


Silvor-siilts 
Aanc salts 

Salts of Platasamino 
Suits of Diplatosamme . 

Chromio .acid . 


Fcrrocy.auido of Potna- 
siviSi ... 




No change 

Poh-ycllow precipitate 

I No change 

No change 

Piirplihli-lilnct pirccipitato . 

Piuphsh-hlack prccipit.ite 

No prccipitilo liquid 
changos colour when 
heated . 

Palo-yellow pirecipitato 

Salmon-coloiu’od precipi- 

Pino yellow preoipitiito 

Flcsh-colouied precipitate . 

Oopiousrcddish precipitate, 
Muth evolution of hjdro- 
cjnuic acid . 

Nc.nly w'luto piecipitato on 
boiling 


Sulpliocjanoplntinatci. 


.Soliihlo golden lamiiito 
Pino red procipit.ito 
Black hbiniiig grams 
Oraiigo-red prccipitata 
Hich hrmvii jirccipilato 
Bnck-ied pi'ceipitato 
Oiango proeipiUto 


Red or orange prccipitato 
Siilnion-colomcd piecipi- 

Copioiis orange precipitate 
Fine vorrmliou-red preeipi- 

No precipitate • 


Pmssian-hluo formed on 
boiling 


1 Sii!}yJioe>ja»npltUi)i>tcs. lPPt"(GyS®)h 

Hyd/ic SuIjiJiociianoptnlunle or Sulphooyanophtinoua Acid, H“Pt"Cy'S'. — Obtained 
by cautiously doconiposiug siilphocyaiiopl.ituiito of b.irium with diliito siilphurio acid 
Tlni aqueous solution is speedily decomposed hy eiapoiation, even m Tiicno, the sul- 
phur being oxidised at the expense of the u. iter Tho chiqf products of the dooompo- 
sitiQU are Bidphocy.mie acid aud a red or yellow deposit rich in platinum. 

SulpJiocyampIdtiiute of Polat,sium — Obt.iiued. 1 By dissolving platmous ohlondo in 
siilpliocyauato of putassuim, tho solution being attended with considerable rise of tem- 
perature. — 2 Better, by tho action of sulphocjanate of potassium on ehlorophitmato of 
potassium, tlic sulphocjanate being in oveoss Aa sulphooj anoplatiiuto of potassium 
IS extremely soluble, and does not 'crystallise well by evaporation, it is best to uso tho 
sulphocyanate of poUssium in the form of .i concentrated solution, and to add tho 
plitmum salt hy small quantities at a time, so .is to avoid too gi'eat a rise of tempera- 
time, The liquid on cooling deposits a ninss of small needles, mIiicIi must be piuifiod 
trom chloride of potussinm hy solution in strong alcohol, from wliicli again tho salt is 
best recovered by spontaneous evaporation The crystals are then pressed between 
paper to romovo tho excess of sulphoejan.ito of potassium, and the salt once more crys- 
tallised from an aqueous solution 

It forms stellar groups of crystals, which when examined by the microscope iippeuv 
hko six-sidcsl prisms of a line red coloiuv They dissolve readilv in 2^ pts ot water at 
16’a°, and are soluble to any extent in warm .ilcohol. The solution of the pine salt 
IS omngc-reil , a port-wino colour denotes impiu'ity The eiystals are not deliquescent, 
and nhcii perfectly diy, do not appear to bo affected by a tempenitiu'o of 100° Tho 
s.ilt IS decomposed by ammonia, yielding sulphocyanate of pkitosammonium which 
ci’jstalli'es out, and sulphocyanate of pot.issiura which remains in solution. 

KiilpAoo/iinopilttimite of Silver, Ag-Pt"Cy'S' — Curdy precipitate, somewhat resom- 
bliiig sulphoey.iiuito of silver, paitially soluble m ammonm, with decompositiou If 
dissolves in snlphocyannto ot potassium, hut the solution is decomposed by water. 

Tdiammonioplali, lulls Siilphnci/anoplatimtc, | . or Bulphocyano- 

pldtiiulc of Diammo-pldtuso-diammomum, _ | CyiSk— Obtained, ns a 

bulky flesh-colinirod preeipikito, by decomposing tho chlondo of diplatosaninioiuum 
with a soluble siilphoej .anopUtniitc — ^Heated on platinum-foil, it gives off .ainmo- 
niiiciil gas, fuses into a bl.ick bubbling inass, and then bums hka tinder, leaving 
bright spongy jiLitmiim It is quite msolnhle in water and in alcohol, but dilute 
hj'dtoehloric acid dissolves it rather freely It is polymenc with sulphocyanate of 
platosammonium (p 613). 

2 Sulphncyanoplatmaies 

Sulplincyanoplatniic Acid, H’iPtaCy“S“ — Obtained by precipitating a warm and 
coneeiitratud solution of thi' lead-salt with sulphuric acid. The filtered liquid is of a 
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5er>p-i'od colour, ftml has a strongly acid taste. It displaces carhonic acid fiom its 
alloilino salts, and dissolves motallie zinc, with evolution of hydrogen, and production 
of a yellow insoluble sahstauco Wlion rapidly evaporated in vacuo, it leaves a con- 
fused scmi-evystallme mass. When eoucontrated over the w,iter-bath, it is quickly 
decomposed, le.iviiig a hroiin amorphous mass, rich in platinum. On distilling it at a 
gentle heat, an acid liquid passes over, coutaiumg hydrocyanic and sulphocjamc acids 
It eoiubmes directly with bases 

Siilp/tocytmopfaiinaie of Ammonium — Tlie iieid does not comhino rapidly with freo 
miiraonia ; but the salt is easily prepared by boiling 1 pt. of ammommii-snlphute for a 
h H minutes in a strong solution of 3 6 pts potassic sulpliocyanoplatinute ; it may 
lie separated, after cooling, from the sulphates of ammomivra and potassium, by means 
of alcohol, and jiurifieil by loerystalltsiition from hot water. It crystallises in hexa- 
gonal plates of a flue crimson colour It is stable at ordinary teinpernturos, but gives 
aqueous solution is boiled. 

Potassium. — ^Prepared- 1. By tlie action of poUissie 
■ oride When plntimc ddorido is added to a cold solution 
a precipitate of potassic ohloroplatinate is fovincd, 

^ me acid. But if the platimc chloride be poured into a 
strong aohiUon of the sulphooyunate previously hoated to 70° or 80°, no precipitate is 
formed , but the liquor acquires a deep-red colour, and on cooling deposits beautiful 
lanmue of pntossie sulphocynnoplatiuatj. This process involves a considerable waste 
of potassic snlphoeyenato, m couscqucuco of tho presence of free hydrochloric acid, 
which likewibs, if the temperatnro rises .above n certain point, decomposes the product, 
forming .a broivn floccnlent precipitate (platinoiis sulphocyauate). 

2. Bettor a solution of 4 pts chlnvopUtuiato of potassium is added to a solution 
of 6 pts. pui’o milpliocy niiato of polassnini (weiglied in tlie fused sUto) in a modei-ate 
quantity of water, and tho mixture is heated nearly to tho boihiig-point 
KWiCl” + flIvCyS = K=Pt'’Cy«S« + CKCl. 

A dofloioncy of tho snlpbocian.ite must be molded, as in that caso an insoliiblo 
bionn substauco is formed, which reiideis the purification of tho crystals very difficult. 
The filtered liquid, on cooling, deposits tho sulphocyamiplatinato in heautifiil crystals, 
often of largo size To lomovo truces of chloiidc of potassium, the crystals may bo 
I'oclissolved in boiling alcohol, and tlio solution passed through a filler auiroimded with 
liot water, to prevent too rapid crystallisation 
■ Sulphocy aiioplatinuto of potas.sium forms six-sidod prisms or luminai, of a deep 
carmine colour and very nauseous taste Tho aqueous solution j lelds the salt in 
hexagonal plates, but from the alcoholic solution it is often deposited in double six- 
sidud pyramids united base to base, and with truncated summits Permanent in tlie 
mr .at ordinary temperatures It dissolves in 12 pts. water at 60°, much more 
fri cly m boiling water, and still moio in boiling alcohol Tho solutions havo a deep- 
rod colour, becoming yellow when very dilute. One drop of tho saturated solution 
gives a distinct yellow tinge to a gallon of water 
DocumposHions . — 1 SnlphocyanopLitimito of potassium is decomposed at a red 
liciit, yielding sulphoeyanato of potassium, gaseous products, and reduced platinum — 
2. When gently heated in contaet •mth the air, it burns with a blue sulphurous flame 
and peculiar odour — 3 Sulphiuse acid converts it into sulphocyamc acid, siipliucya- 
iiato of potassium, and platuiie sulphide- 

KW-Cy“S» + 211‘^S = PtS= + 2KGy3 -t 4HCyS. 

Similaily, with sulphide of ammonium 

KTt''Cy»S“ + 2(Nff)“S = PtS» + iKOyS + iNH'CyS. 

4. The salt is decomposed by strong sulphuric and liydroclilono acid. Nitnc acid 
and chlorino likewise decompose it, yielding platiuous sulphocyauate, P^Cy'S®, mid 
other products (p 509). — 6 Ammonia and carhonato of ammonia added to a saturated 
.solution of the salt, quickly decompose it, changing the colour to pale-yellow in a few 
imnutes, and precipitating sulphocyauate of platosammonium, in fine yellow needles, 
the liquid retaining in solution snlph.ato and sulphoeyanato of potassium, together 
widi sulphocyanafe and cyanide of ammonium 

SK’Pt‘'Cy“S* -I- 8NH> -e 4ffO = 3(N-H“Pt'')"Cy='9= + K“SO< + 4K:CyS + 
2NffC!yS + 6HCy3 + HCy 

C PoUsh converts^ tho salt into a red gelatinous mass, without evolution of ammo- 
nia, — 7 Wlien it is gently heated with caibonato of iiotassium, carbonic anhydride 
is evolved, the mixture becomes partially decolorised, siilphocyanophatinite of 



)12 


SULPIIOCTANIC xYCID. 


potassium is dopositocl, and tVio liquid rotams in solution sulphato, sulphocyanato of 
potassium, and eyaniJo of potassium 

SK’Py'Cy'S" + ■IK’CO’ = SKTf'Cy'S* + K’SO< + CKCyS + KCy + 4CO’. 
— 8. A pnro solution of potassic snlphocyanopl.itmnto does not produce a Uood-reil 
eoloui V’lth forric salts; liufc the niixtiiro liocomcs nearly hkck and opaque wlieu 
heated, from formation of a substiince ivliicli sepaiaros in henry histioiis grams 

Bidphooi/anoplatinato oj Sodium, obtained by precipitating the load-suit with sul- 
pliiite of soiliiira, crystallises readily in broad garuot-coloured tables, soluble in water 
and in aleohoh 

Siilidwei/anoplaiinafe of Barium — Prepared by dissolniig 3 pts of the dry potas- 
sium-suit in an nqiieoiis solution of 1 pt of chloride of barium (or, as an excess of the 
lattor IB desirable, 9 pts K^PtCy’S® to 4 pts BaCP), eraporatmg the solution, and 
extracting with olcohol — Crystallises in long flattened prisms of a deop-red colour, 
and often of considerable size. Not so stable as the potiissmin-salt 

Cuprw SulpAoei/anoplatmuto —Precipitated on mixing a solution of the potassium- 
salt with cupric sulphate JSxbibtts a brick-dust colour when first precipitated, but 
cliaugos at a boiling heat to a black insoluble powder Forms a fine green solution 
with ammom.i, but on tho addition of hydrochloric acid, the copper-salt is reproduced, 
witli d.irk-brown coloim. 

Sulplioei/anopluinmiet of Iron — o Ferrous salt, Fe"Pt‘'Cy®S'’ — Obtained by adding a 
slightly acidulated solution of ferrous sulphati^to a concentrated solution of potassic 
sulphocyaiioplatmato Black ciy-talliiic precipitate, which, ulieii examined by tho 
niieroscope, is seen to ho composed of sluiung six-sulod lamimc with roiuided edges 
It 18 not ufiectod by dilute snlphtu'ic, hydroehluiic, or nitric acid , but strong nitric acid 
ihssolves it, with formation of sulpburie acid Cold solution of piotash eoiiveits it into 
feme oxide and a yellow liquid oontaiuiug platinum and sulpliocy.imo acid It is in- 
soluble m water and in alcohol. 

p Fci no Sidt . — Prepared in like manner with ferrous salt, but not precipitated 
till tho mixture is boiled IJescmbles tho ferious salt. 

Sulphocyanoplatinates of Lead— a. Feutral, Pb"Pt''Cy“S®.— Precipitated in tho 
form of brilliant golden bexaEon.il plates, on mixing tho eoncontrated solutions of 
neutral acotivto of lead and Bulphocyanoplatiiiato of potassium Soluble in alcohol , 
less soluble in cold water, with which it m.ay bo washed , cannot bo crystallised from 
hot water without decomposition 

Baste, Pb"0 rb"Pt'’'Cy“S® —Obtained as a brilliant red proeipitato, on mixing tlio 
oniiCBiitr.ited solutions of potissio sulphocy.inoplatuiato and basic Icad-acotato, luso- 
luWo lu water ; readily soluble in dilute nitric and m acetic acid 

I' ^ ' ’’T Heavy curdy precipitate, obtained 

by I of potassium. Its colour is deep 

ovanga at first, but changes to a pale piimcoae-yellow when tho liquid is lie.ited to the 
hoiliug-point. In the diy state, it hears a eousidorublo degree of heat without oltera- 
tiun Heated in the air-bath to between 140“ and 160°, it suddenly swells up into a 
suhatanoo having a pocuhnr meUllic and arborescent appeiu'iinoe, somewhat like 
coarse tea, and emits a jet of spontincoiisly inflummable gas No further change is 
ohsiii'vcd till the temperature rises to 250“ , but at a boat below redness, morcunal 

v. qioiirs and cyuiiogen-gjs arc liberated; and finally tho mass, if exposed in an open 
erucihlo, burns away like tmder, leaving a residue of pliitmiim The salt, when 
Mih.iectcd to dry distillation, in a retort, yields a mixture of lutrogon-gas and vapour 
of carbonic disulphide. 

Sidphocyanoplatinate of Silver, Ag^Pfl’Cy'S” — Prepared by decomposing a solu- 
tion of tho potasMum-salt with nitiato of silver Heavy, curdy, deep oraiigc-coloiired 
precipitate, whicli shrinks and ‘agglutinates into a tenacious mass when boiled with 

w. itei, huthardoiis again on boiling The diy salt, when gently heated, swells up 
eonsuior.ibly, and if ui contact with the air, takes fire and burns inth a blue flame 
Befuro tho blowpijie, it fuses into a metallic bead of ailvor and platinum. — Nitric acid 
deconiphses it r.ipidlv, with formation of sulpbuno acid, evolution of nitric oxide, and 
precipitation of a yellow substance.— "When loeently precipitated, it dissolves in cold 
aipieous aminoni.i, but the solution decomposes at a higher temporuture. Tho salt is 
documposud by hot caustic piotush, yielding sulpboeyanato of potassium, plntmio oxide, 
and oxide of silver . 

Ag'Pt'''Cy«S“ + 6KHO = CKCyS + PtO* + Ag*0 -s 3H=0. 

It dissolves in sulplincyanato of potassium, but, on adding water to the liquid, sul- 
phoeynmito of silver is pieeipitntod, and sidphocyanoplatinate of potassium remains in 
solution • 

Ag'-Pl''Cy»Ci'‘ t 2KCyS =. 2AgCyS + KTf'Oy'S" 



SULPHOCYANATES. 


513 


Stilphootanatb op Platosammonidm, C?H®N*S'Pt = N’H*I’t",Cy’S’. — 
'Xhifl salt, poljTnenc and metamorio with tetrammonioplatinons snlphocyanoplatinita 
(p. 610), is obtained , 1. By the action of ammonia on sulpWyanoplatinita of potassium : 

KTt"Cy<S« + 2NH» = Nm-Vf.CfS^ + 2KCya 
2, By the notion of ammonia, or its carbonate, on Bulpbooynnoplotmato of potassium 
(see p. 611) Caustic ammonia acts more quickly than the carbonate, but must not 
bo used in the concentrated state, as the product is then contaminated with an inso- 
luble substance The crystals ore collected on a filter, washed with cold water, and 
recrystallised from hot alcohol. — ?. By double decomposition with sulphoeyanate of 
potassium and chloride of platoBammounim ; 

N“H=Pt"CB + 2ECyS = N=B:»Pt".Cy=S» + 2KC1. 

One part of sulphoeyanate of potassium and 1‘6 pt, chloride of platosammoninm are 
dissolved together in water , the mixture heated nearly to its hoihng-point ; an equal 
volume of alcohol added, to increase the solubihty of the produet , and the bquid 
filtered hot. Sulphoeyanate of platosamnionium is then deposited in crystals, on 

This salt forms straw-yellow needles, which, when examined by tlio microscope, 
appear to be rbomboidal .prisms. Melts between 100° and 110°, to a cleiui garnet- 
coloui’ed syrup, which hardens again as it cools. It dissolves sparingly in cold water, 
more readily in alcohol. It decomposes at 180°, gning off ammonia and Iiyibocviinio 
acid, and if exposed to the air, evolves also sulphurous anhydride and leaves motallio 
platinum , no sulphide of caibon is given off It is not attacked by hydrochloric or by 
dilute sulphui'io acid, The aqnoous solution produces no change in salts of copper, 
lead, or mercury ; but when added to a solution of sulphate or nitrate of silver, it 
forms a light-yellow precipitate contiumng platinum. When boiled, it gives off 
ammonio, and deposits the yellow insoluble matter above mentioned ; the same effect 
appears to be produced by caustic potash 

StiLPHOOrAifATB OF POTASSIUM, CNKS »= KCyS — This salt is prepai'ed' 
1 . By fusing oynnido of potassium with sulphur, or 2 pts of the ferrocyanide with 1 pt. 
sulphur , or by fusing 17 pts of potassio carbonate with 32 pts sulphur, and adding 
46 pts of dry potassic ferrocyanide The heat must bo continued tiU the molted mass 
gives off bubbles, which bum in the air with a red flame , and it must be carefully 
regulated, as if it is insufficient, part of the ferrocyanide will remain undecomposed , 
ond if it he too much raised, part of the resulting sulphoeyanate will be converted into 
mollanide The fused mass, when cold, is dissolved in water , the iron contained m tho 
soluhon is precipitated by carbonate of potasainm , the filtrate is evaporated to diyness , 
the residue digested with alcohol, and the alcoholic solution loft to evaporate. To 
avoid tho use of alcohol, Meillot (J. Pharm.xxvii. 628) neutralises tho filtrate sepa- 
rated from the iron precipitate with acetic acid, evaporates, and piuiittes tho sulpho- 
cyanate by oiystaUisabon. — 2 Sulphoeyanate of potassium may also bo prepared, m 
the same manner as the sodinm-snlt, by fusing 1 pt of anhydrous potnssic ferio- 
cyanide with 3 pts of the anhydrous hyposulphite (Froh d o) — 3 06lis prepares sulpho- 
cyanato of potassium on the largo scale by heating sulphoeyanate of ammouuim with 
potash, or sulphooarbouate of ammonium with sulphide of potassium (p. 606) : 

2(1OT)'CS® + K*S = 2KON3 + 2(lfH')HS -e SffS 

Sulphoeyanate of potassium crystallises in long striated prisms, or in needles with 
four-sided summits, very much like saltpetre. They are anhydrous, and have a specifle 
gravity of 1 866—1 908 (Bodeker). The salt is very deliquescent, fusible, and very 
soluble in boiling alcohol It has a cooling pungent taste, somewhat like that of 
radishes, and is poisonous. 

The aqueous solution of potassio sulphoeyanate decomposes, with evolution of 
ammonia, gradually at ordinary temperatures, more qmetly at tlie hoihng heat The 
aleohoho solution is more stable The concentrated solution dissolves recently pre- 
cipitated argentic cpanide, which is thrown down from it in the erystallino state on dilu- 
tion. It likewise dissolves a consideiablo quantity of recently precipitated mgniho 
chloride, also of argentic salphocyanate, forming therewith a cryataUiue compound. 

Sulphoeyanate of potassium, when melted in close vessels, bears a dull red heat 
without decomposition, but when calcined m contact with the am, it yields sulphate ; if 
the salt is moist, sulphide of potassium is obtained, with evolution of ammouiura-car- 

When dry chlorine is passed into melted sulphoeyanate of potassium, chloride of 
sulphur is given off, together w ith solid chloride of cyanogen, which sublimes in needles. 
At a certain stage of die Jecompiosition, a thick red vapour is evolved, which eondenaes 
into a red or yeBowish-red sublimate eont.iimiia 67 9 per cent snlphiir , and a residue 

Voi. V. L L 
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is left, consisting, according to Liebig, of chlondo of potassium and impm'o mollone. 
According to Volckel (Pogg. Ann. Inii. 152), neitW the red sublimate nor the 
mcUono is produced if tlio chlorine is quite and free from hydroeliloi'io acid. 
Clilorino passed into an aqueous solution of the siilphocyaiiutc, not too dilute, throws 
down an orange-coloured precipitate of poraulpliocynnogen (iv. 380) An alcoholic 
solution of lodme is not decolorised by an alcoholic solution of potassie sulphocjanuto, 
oven at the boiling beat 

Strong mtno acid added to the aqueons solution throws down porsnlphoeyanogcn. 
Dibito nitric acid, nitrons acid, and other oxidising agents, also impart to the solution 
a deep but transient blood-red colour, winch is distiiigiiished from that produced by 
feme salts by its greater instabibty (Jahresb. 1862, p. 429 , 1867, p. 237 , 1885, 
p. 294.) 

Permanganate of potassium, peroxide of manganeso, and peroxide of lead, oxidise only 
the sulphur of the snlphocyanato, converting it into siilpburie acid, the formation of 
which IS probably preceded by that of a cyanogen-compound containing a smaller pro- 
portion of sulphur tlian the sidphoeyanato. (Hadow, Gbem Soe, Qu. J xi 174.) 

IVben di-y hi/drochlorio acid is passed over fused sulphoeyanate of potassium, gi'eat 
beat is produced , hydroeyanio acid, carbonic disulphide, and sal-ammoniac are given 
off , and a thidt yellowish-red sublimate is formed, which, when exposed to moist air, 
gives off acid vapours capable of reddening ferric salts (Liebig.) 

Sulpliocyanato of potassium gently boated with pmiachloride of pliosplionis, yields 
gaseous oliorido of cyanogen, phosphoric siilpliochlorido, and chlorido of potassium: 

KCyS + PGP = CyGl 4- ECl + PSCP 
At a higher temperature other products are formed. (Sohiff, Ann. Ch. Pliona. ovi. 

no.) 

An aqueous solution of potassie sidphocyanate yields, by electro! ym, sulpimrie acid, 
sulphurous acid, bydiooyanic acid, and sidpbui. (Scblagdoubauffen, J. Pburm. 
[3], xbx 100 ) 

Dry snlphocyanato of potassium heated with motolbc iron is converted into ferro* 
cyanide of potassium, together with ferrous and potassie sulphides • 

OKCyS + Pe* - KWGy» -I- 6Po''S + E’S 

This process is appbed by Gelis to the manufacture of the ferrooyanide. (See 
Eip. Glum. App. 1882, p. 370, Eichardson and Watts’s Chemical Teehnolcgy, 
[6], 1. 399.) 

Sui.vKOOTA.NA.TE oE SiLVEB, AgCy.S —White ourdy precipitate, insoluble in 
■water but soluble in ammonia, wbonco it crystalhses in shining scales free from 
ammonia Dry chlorine free from hydi'oehlorio acid, comerts it into solid chloride of 
cyanogen, cHorido of sulphur, and chloride of silver , -with moist acid chlorine, it 
yields also a red sublimate. It dissolves easily in aqueous sulphoeyanate of potas- 
sium, and the saturatod solution left over sulphnric acid, deposits ihomhoidal octa- 
hedrons of the double salt KCyS.AgCyS, which is completely decomposed by water, 
melts without decomposition at 140°, but decomposes at a liighor temperature. 

SunrHOOTAKATE OP SoDi'UM, EuCyS. — ^Tlus salt maybe produced in the same 
manner as sulphoeyanate of potassium, also by fusing cyanide or ferrooyanide of 
potiiesiiun with hyposulphite of sodium 

4ECy + 4NafS‘0» = 4NaCyS + 2E’‘SO' + Ea“SO» -s Na’Sj 

2KWCy» + 12Na’S’'0’ = 12NaCyS + 4E’‘S0‘ + SNa’SO^ 4 Na'S + 2Fo"S. 

A convenient mode of preparation is to heat 1 pt. of potassie forrocyauido with 3^ 
pts. anhydrous sodio hyposulphite in a porcelain dish, till tho hyposulphui’sus acid is 
decomposed, and dissolve out the resulting sodio sulphoeyanate witli hot alcohol or 
water Eeiricyanide of potassium heated inth hydrated sodic hypoaulphito is first 
converted, with separation of sulphur and evolution of sulphurous anhydride, into ferro- 
cyaniilo, which is then converted, as above, into sulphoeyanate and sulphide of sodium. 
(A, Erohde, Pogg. Ann. cxix. 817.) 

Rnlphocyanato of sodium crystallises in rhombic tables, very deliqneBoeut, and very 
soluble in alcohol 

SruPHoeVANATB OP Steontium, Sr"Cy*S''.3ffO, forms debquescent nodules, 
very soluble in water and in alcohol. 

SnuPHocTANATB OP Thaleitim, TlOyS, is obtained, by mixing the solution of 
tho carbouato with sulphoeyanate of potassium, m small shining needles (Kuhlmann, 
Gompt. rend xv G07). The crystals are qnadratie, having however a monoebme 
aspect, m consequence of irregular devolopmout. Observed combinations, wP . Poo , 
and ooPexj . ooP Poo Angle ooP Poo = 128° 20 3', ooP Poo = 116° 1'; 
Poo Poo , in the basal principal section = 76° 40 6' Twins with the combination-face 
Poo. N.j distinct cle.irago (W H. Miller, Proc. Boy Soc xiv 855.) 
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SiriPHOCTANATB OP TiN — Stmnous hydrate precipitated by ammonia, dissolves 
for tlie most part m sulplioeyanic acid, leanne a light orange-coloured residue ; the 
solution, when hoilod, deposits stannous oxide, and leaves, on further evaporation, 
lemon-yellow (.tenuous Milpltocyamte, Su Gy’3“. This salt, when heated, becomes 
broira and black without change of form, and finally melts, leaving a black residue, 
which burns away with a glimmering violet-red light It dissolves in water and in 
iihsolute alcohol, the aqueous soliitiou appealing blue by reflected light Potash 
separates bliek stannous oxide, and tho evaporated solution yields tabidar crystals of 
a double salt. Stamlous sulphocyanate dissolves in siilphocyanato of potassium, with 
separation of brown stannous sulphide; and tho flltrata first yields crystals of 
stannous sulphocyanate, then decomposes on further evaporation — Statmo hydrate 
dissolves but very slightly in sulphocyanio acid. (L. Clasen, J. pr. Chem. xcvii 
349.) 

SuLPHOCYAHATES tTiiANiUM — The urafiovs salt is dark-green, soluble, and 

crystal bn B. — The iwauio salt is soluble in water, insoluble m alcohol. 

SuLiHOOVAHATE OF Ziso, Zn"Cy’S- —Deposited from alcohol in anhydrous 
crystals, very soluble in water It dissolves also in ammonia, and the solution vuelds, 
by evaporation, rhomboidal prisms of stilphooyanaie of smcarmtmimm, (NlB[“Zu'’)’’Cy“S®, 
which are decomposed by water. 


STTliIiHOCirAWlO Aia'HVSKISB, C’lPS "= Gy’S. GyatAo Sulphide. Sul- 
phide of Cyanogen. (F. Linnemann, Ann. Ch. Phnrm. oxx. 36 ) — This compound 
IS formed by the action of oyamo iodide on argentic sulphocyanate 
AgGyS + Cyl =• Agl + Gy’S, 

It is most easily prepared by mixing an ethereal solution of cyanio iodido with an 
equivalent quantity of argentic sulphocyanate, evaporating with constant stirring, and 
leaving tho residual powder to iteolf for some hours lu small closed vessels. The 
sidphooyunio anhydride may bo separated from tlie argentic iodide by sublimation, or 
better, by extraction with boiling carbonic disulphide Tho solution, if quickly filtered 
at tho boiling heat, and then cooled to 0°, deposits the compound in ciystals, which 
may bo pui’ificd by drying in a vacuum over oU of vitriol. 

Sulphocyanio nuhydndo is likewise produced by tho action of sulphide of iodine, 
DS, on cyanide of sUver , of sulphide of elilorme, OFS, on cyanide of mercury , and of 
iodide of cyanogen on sulphide of sdvor. The product wliich Lassaigne obtained (in 
1828) by treating cyanide of mercury with sulphide of chlorine, was nothing else than 
sulphocyanio anhydride In preparing tho compound by this process, a secondary 
product is likewise obtained, consisting of a white powder, insolublo in carbomo disul- 
phide, but soluble in ether, und having, accordiug to Lmneniann’a analyses, the 
composition Cy“S HgOy. 

Sulphocyanio anhydride forms bmpid rhombic tables or lamiii®, wliioli smell like 
iodide of cyanogen, and volatilise slomy on exposure to tho air. It sublimes between 
30° and 40°, melts at 60°, and solidifies in the crystalline form When heated for 
s-ome time in moist air, it decomposes. It dissolves in ether, alcohol, and water, and 
crysUllisoB from solutions supersaturated while hot It is easily decomposed by 
dilute sulphuric aoid, also by mine and by hydrochlone acid Witli lodtde of potassium, 
it gives off iodine , with aqueous cyamde of potassium, it ovolvcs hydrocyanic acid , by 
fusion with hydrate of potassium, it yields ammonia, carbomo anhydride, sulphide, and 
sulphocyanate of potassium; with potassium, it forms cyanide and aulphoeyuuate of 
potassium; with alcohohe potash-solution, cyanate and sulphocyanate of potassium. 
With nascent hydiogen, suljihydrte amd, onA mouosulphide of potassium, it decomposes 
as shown by the equations ; 


Cy^a 4 
Cy=8 4 
C/S 4 


HOy 4- HGyS 
HCy 4- HCyS 4- S 
KCy 4- KCyS 4- S. 


With ammonia, sulphocyauie anhydride forms tho compound (NH’)“Cy’S <= 
(just as sulphydric acid, ffS, forms 3), which separates as a crys- 
talline powder on p.issing dry ammonia-gas into an ethereal solution of the anhydride 
This compound dissolves easily in absolute alcohol, melts without decomposition at 
94° , gives off ammonia with alkalis, and decomposes, in aqueous solution, into 
sidphoeyanate of .ammonium, and probably eyanamide 
The aqueous solution of sulplioeyanic anhydride decomposes very quickly, depositing 
a yellow or orange-red powder, resembling porsnlphocyanogen (iv. 380), but of different 
compositiou, and perhaps consisting, for the most part, of a polymeric modification oi 
Milphocyanic anhydride — namely, the anhydride of snlphoeynnuric acid this compound 
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appears also to bo the eluef product of the decomposition of sulphooynnie anhydride in 
moist iiir. Tho acid solution remaining after the deposition of this powder, contains 
snlpliocyanio acid (ns chief product), hydrocyanic acid, snlphocyanate and sulphato of 
ammonium , it, moreover, gives off carbonic anhydride, and probably also oarbomc oxide. 
(Linnomann.) 

lodoot/amo Sulphide, CyiS — ^This appears to be tho composition of a red- 
brown, vory volatile, and easily decomposiblo liquid, formed, together with iodide of 
silver, hy treating sulphocyauato of silver with an ethereal solution of iodine. 
(Linnomann.) 

SllXPHOCTAiarZC ethers. Several sulphocyanatos of monatomic alcohol- 
radielcs are known, iilso tho snlphocyanate of ethylene. 

Allyllo Sulpbooyanate. Volatile Oil of Mustard Essence de Mouiarde. 
Scnfol. C<H*NS ^ C»H».CyS - = 0^11*1^; (Bontron and 

Eobiquet, X Pharm. xvii. 286. — ^Henry andPhsson, ihid. xvii 461. — ^Dumas 
and Polouze, Ann. Oh. Phys. [2], Im. 181 — Aschoff, J. pr. Chem iv. 314 — 
Eobiqnet andUnssy, Ann. Ch Phys [2], bocxii. 328, — Boiitron and PrAmy, J. 
Pharm, xvi 112. — ^Lowig and Weidmann, J pr. Chem. xix 218, — ^Will, Arm. Ch. 
Pharm, lii. 1. — ^Worthoim, ibid lv.297.— dnrhardt, Aim. Ch. Phys. [8], xiv. 125 ; 
TraU^, ii 409.— Gm x. tl.) 

This other, or essential oil, is obtained from the seeds of black mustard by distilla- 
tion witii water, and exists, together with oil of garlic, in tho oils produced in like 
manner fwm other cruciferous plants It does not ovist ready- formed in these plants, 
at least not m tlio diy parts, such us tho seed Its production requires tho proseneo 
of water, and appears to depend upon tho action of myrosin, a substance analogous 
to the emalsiou of bitter almonds, or another substance, myronio acid, likeiviBO 
existing in these plants m tho form of a potiibBium-salt. [See Myeonjo Acm and 
Myeosih, 111 1073, 1078.) The seed of ■white musUud, which contains myrosin hut 
not myronio acid, does not yield .illyhe sulphoeyanata when distilled with water. 

Allylio Buphocyanato is formed arf.diciivlly 1. From myronio acid, by distilling 
myromite of barium or potassium with a caustic alkah (111 1070)— 2 From allylic 
iodide, by the notion of potassie or ni'gentic aulphoeyanato — 3. From allylio sul- 
phide (i. 143), by treatmg the precipitate formed by the action of mcrciuuo ohlurido 
on oil of garlic with potassic snlphocyanate CWartheim) According to Hlasiwetz 
(Ann Ch. Pharm Ixxi. 28), tho precipitate formed by mixing the alcoholic solutions 
of oil of asafffitida and morcmic cldonde, also yields allylio sulphooyanato when 
distilled with snlphocyanate of potassium. 

Preparation —a. From mustard-seed. The seed of hlaekmnstaxd is bruised and 
macerated for about twelve hours with 3 to 6 pta of cold water, and then distilled, ns long 
■as any od passes away with the water. The distillation is best conducted hy passing 
etoam into the still, A saturated solution of muatard-oil in water then passes over, 
mid tho excess of oil settles to tlio bottom The aqueous solution, which contains a 
oonaidorahle quantity of the oil, may be advantageously used for macerating fresh 
portions of seed 1000 pts. of mustard-seed macerated with fresh water yield 
imtii 2 to 7 pts. of oil; hut if water saturated with the oil by repeated distillation be 
used, the product may amount to 10 or 11 porta. 

The enido oil is mostly yellowish ; it is puriiled hy reotifleation, after drying over 
ehlonde of calcium. Pure sulphocyaante of allyl then passes over, between 146° and 
160°. 

b From allylic iodide. — ^The iodide dissolved m alcohol is distilled -with sulplio- 
oyanata of potassium, and the distillate mixed with water is rectified, tho pure 
oil p.issiiig over, between 146° and 150° (Zinin, Ann. Ch. Pharm. xcv, 128). Or 
1 lit. iodide of allyl and 1 at. snlphoeyanide of potassium aro enclosed, together with 
u littlo water, in a sealed glass tube, and heated for some hours to 100° , water is 
thou ftdded, which dissolves tho iodide of potussinm and sopai'atos the allyho sulpho- 
cyauute, and tho latter is rectified. (Berthclot and Do Luoa, Aim. Ch. Phys. [31, 
‘ xhv 406) 

Allylic sulphocyauato is obtained with still greater facility hy tho action of allyho 
iodide on sulphncyanato of silver. Tho action takes place at ordinary temperatures, 
iodide of silver being foiracd , while the iodide of allyl dis'appears, and is replaced by oil 
of mustard. At 100° aulpbide of edver is formed. (Berthclot and D e Luca ) 

Properties. — Allylic sulpliocyaiiiite is a transparent colourless oil, of strong rofraeting 
power, and possessing in tho highest degree the sharp penetrating odour of black 
mustard; The smallest quantity of the vapour excites tears, and is apt to produce iu- 
flummation of the ojes It has a burning taste, and rapidly blisters the skin. Specific 
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gravity = l'015at;20° (Dumas andPelouze), 1-OO^to 1-010 at 16° (Will). Boils 
ut 148° (Will). V.ipour-density, S-54 (Will), calculated, 3-i2. Ee&acting power 
= 1616 (Will). 

It IS sparingly soluble in water, but dissolves veiy readily in dtcoltol and ether. It 
dissolves sulphur and pho^horm with tolerable facility ivlien heated, those bodies 
separating in the cryatallina form on cooling. 

Decomposttuyns — 1. Oil of mustard kneaded with alumina yields, by dry diatUlatim, 
c.ai-bonic anhydride, carburetted hydrogen, and a small quantity of sulphydrio acid, 
together with water (Fontenelle.) 

2 Exposed to daylight for three years in wcll-elosed vessels, it gradually becomjp 
hrowuish-yellow, and deposits an orange-yellow amorphous substance having the 
aspect of persulphoeyanogen This substance, when heated, swells up, assumes a dark 
colour, gives off a strong odour of mustard-oil, and leaves a dull but perfectly combus- 
tible charcoal. It dissolves m warm potash-solution, forming a yellow liquid, from 
which acetic acid precipitates light-yellow flocks , and the liquid filtered therefrom still 
gives .1 light-yellow precipitate with acetate of lead, but does not redden feme salts, 
and therefore docs not contain sulphoeyanie acid. (W ill) 

3, The aqueous solution of the oil, Uftev exposure to tho nir for some hours, loses 
its bhai-pness, hut retains its taste and mustard odour, and deposits a grey powder oon- 
taimng sulphur (Thihierge). Tho oil undergoes no change by exposui-e to the 
air or to oxygen, even for a considerable time, becoming neither acid nor alkoline. 
(Boutron and Rohiquet.) 

i When oUonne-gae is very slowly passed into a retort flUod with oil of mustard, 
very volatile crystals are formed, having a silky lustre (with evolution of hydrochloric 
acid, acoordmgto Dumas and Polouze). Thesocrystals become coloured and decom- 
pose when exposed to the an-, and are dissolved by a largo excess of chlorine, yielding 
a viscid, no longer orystalKsahlo liquid Potasli-ley converts them into a resinous 
substance lusohihle in potash. They are lusoluUa in water and in ether, but dissolve in 
alcohol in all proportions, (Boutron and Pr6my ) 

6 Bi omtiie acts upon oil of mustard with frothing and evolution of heat, and forms 
a bi-own rosin nearly insoluble in water , the solution contams sulphuric and hydro- 
bromio acid, (Aschoff.) 

0. lodlm dissolves qiuckly m tho oil, forming a dark red-brown liquid. (Aschoff.) 

7. When oil of mustard is treated with moderately strong mtne octet, a brisk reac- 
tion takes place, the oil becoming thick, assuming a green colour, and being converted 
into a re.smoua substance called nitrosinapylio rosin. The mothor-hijuor contains 
oxalic aeid and a uitro-acid called nitrosinapylio acid, of waxy consistence, solu- 
ble in water, insoluble in alcohol and ether The solution gives yellow precipitates 
with lead- and silver-salts. The barium-salt is a yellow powder, soluble m water, and 
givi-s by analysis 18-23 per cent, carbon, 1 68 hydrogen, 39 26barytal 2-74 sulphur, and 
21 96 oxygen, which, if the small quantity of sulphur he neglected, may be represented 
by the formula 0>“H‘Ba"(NO«)WO*, making that of tho acid 0»H*(N0»)N0» 

a. When oil of mustard is completely oxidised by Mtfnc or by cArmio ooitf, huge 
quantities of formic and acetic acids are produced, together -with a small quantity of 
propionic acid. 

I 9. Aqueous potash, soda and baryta, also the oxides of lead, silver, and meremy, in 
presence of water, convert oil of mustard into sinapoline (p. 311), with formation of 
a metallic sulphide and carbonate : e g., 

2C*HTO -I- 3Pb"0 + H*0 =. C’H’WO + 2Pb"S + Pb'’CO>. 

OlUf^ Sinapoline. 

For this decomposition the presence of -water is absolutely necessary; the same 
oxides, m the dry state, abstract the sulphur but slowly aud imperfectly from oil of 
mustaid 

When oil of mustard is boiled for some time with strong eoda~leg, in sueh a manner 
that the vapour may be condensed and flow back again, a largo quantity of ammonia 
is evolved, and an oil of fishy odour is produced, which may ho freed from the last traces 
of sulphur by means of potash and hydrate of lead ; after washing with dilute acid and 
with water, and subsequent rectifiention, it is colourless, and exliibita the composition of 
allylie peroxide, C“H*0. It forms a crystaUme compound with nitrate of silver. 
(Hlasiwetz, J. pr. Chem. Ii. 369.) 

10 An aleoholte solutim of potash or soda acts very differently from the aqueous 
solution. When oil of mustard is dropped into a ccmcenfcrated tdeoholio solution of 
potash, great heat is produced, which, if core be not taken to add the liquid slowly, 
may nse in a fow seconds to violent ebullition, and occasion tho projection of the con- 
tents of the vessel. No permanent gas is evolved, excepting perhaps a little ammonia. 
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Tho browi-red mixture oihibits, instead of tile pungent odour of oil of mustard, 
merely a mild garlic odour; deposits, after ii while, crystals of iioutrnl potassio enrhu- 
luto with 1 nt wntor, and when decanted from those crystals and mixed ivitli water, 
is resolved, witli milky tnrlndity, into aqueous siillihosin.ipic acid (p 638), holding in 
solution a certain quantity of oil which may ho dissolved out hy ether, and an oil 
wliieh sinks to tho bottom , and if tho mixture has been heated to tha boihng-point, is 
dark-colonrcd, and eoiit.iins lusolublo flukes. (Will.) 

Tlie pccvHnr ml obtained by keeping the mixture cold, after being separated from tho 
aqiiooiiH Bulpliiivie aeid hy colloetiiig it on a wetftltor, purified from potash by wasliing 
with water, roctiflod vntli solution of common salt, and freed from tho water, vi Inch 
iimkes it turbid, by standing forsovornl d.iys over chloride of calcium, and decantation, 
ia tiMnsp.ainiit and colourless ; has a density of 1 030 at 14° . a mild aUiacoous odour ; 
a taste which is not huriiing, but cooling, boils hetwoou 115° and 118°, hut is 
p.aitially decoiiiposod hy distillation, evon in a stic.im of gas, ammonia being fornieil, 
as shown by the, vapour browning turmenc-papor slightly, and a brown rosui remaining, 
which gives off" a large quantity of ammonia when more strongly heated, and from 
which, by continued boding with waiter, a volatile alkaloid, not yet further ox- 
aininod, may be extracted. Tho oil, when boiled with baryta-wator, forms svdpliido 
of bamim, and a non-volatile substance, which remains in solution, and appeal’s to bo 
an alkaloid. From load-salts and silver-salts it also precipitates tho sulphides on 
boiling. It forms a precipitate with alcoholic inercuvio chloride, and, if the solution 
bo not too dilute, likewise vntb aleoliohe slunnio clilorido. It is sparingly soluble in 
wator, but dissolves in all proportions in alcohol and other. (Will.) 

Its composition, ns determined by analysis, is as follows . — 


42 

26 

64 

32 

331 


60’76 60’ 35 

12 69 12 30 

7 56 7 88 

19’33 20 50 

9-67 8 97 

100 00 100 00 


6Q’20 

10’40 

7-84 


rectified 

9’73 


As the oil gives off ammonia after each rectification, whereby tho amount of nitrogen 
is diminished in greater proportion than that of the other elements, it is probable that 
the original oil before the first rectification was 

(or C>H"N-'SO), and flierefoie = C’ll'WO (siiupolmo) + fl^S. (Will ) 

According to this assumption, tbe equation for the decomposition of od of mustard 
by alcoholic potash should be the following • 

3C‘SH‘S +^3KHO + H'O = K’‘CO> + 0<H“NKS» -b 0'H‘<N'SO. 

11. When oil of mustard ia mixed with pulverised soda-ltmi, and heated for some 
time to 120° in a sealed tnlic, the sharp mustard odour is foimd, on opening the tube, 
to be replaced by an aromatic alliaceons odour; and on distdling the liquid, oxideof 
allyl (i 142) IS obtained, wlule snlphocyanata of sodium remains, often mixed with 
sulphide of sodium, produced hy the secondary action of the excess of soda on tho sul- 
phocyanato (Wo r t h o i m) 

2(C»H‘.CNS) + Na?0 = (C»H»)'0 + 2NaCNS. 

12. From an alcoholic solution of the oil, metallic salts, e. g. wei'cwivo miplaiime 
Monde, also sdver- and ked'sdu (tho latter at the boihng heat), sepai'ate metallic 
sulphides (Will) 

llry pulverised hydrate of potassium decomposes oil of mustard in a similar iu.anner 
to the alcoholic solution of potash ; hut the products are less definite, becanse it is 
difficult to prevent too great a rise of temperature. 

13 Monosxilyhide of potiuoiufa heated with oil of niustai’d in a sealed tube, to 100° 
or a little higher, forma sulphocyanatc of potasaiom and oil of garlic : 

2(C?'H‘)(arS + E»3 = 2EONS + (0=H‘)'S. 

If a polysidphidc of potassium bo heated in a similar manner with oil of mustard, and 
the product distilled, a solution is obtained which yields dehcato crystalline needles, 
having a most intense odour of asafcotida. 

11. Poiasstum docotnposes dry oil of mustard completely, evon nt ordinary tempera- 
tures , oil applying a gentle heat, sulphocyanate of potassium and sulphide of allyl are 
formed, together witliagns, which has not been examined 

ilany of tho heavy me/a/s decompose oil of mustard, abstracting tho sulphur. Mer- 
cury is quickly hlaekonul when shaken up with tho oil and water; and copper vessels 
in which mustard-oil is dn.tillej, become coated with sulphide of copper. 
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CbmMtiaiiona— Allylio sulphoeyanate umteawith alkaline sulphides, forming 
compounds, of the form G*H“NS.M“a. — Theyioilajisiam-saif, 0*ffN'S.K''3. is deposited as 
a -white granular powder, on miiong the alcoholic solutions of potaaaic monosidptude 
and allj’lic siilphooyanate, lie former slightly in excess, and evaporating at a gentle 
heat — Another salt, containing 2G^H“NS.K“S, separates finm. the mother-Uquor of 
tho preceding, -when left over oil of vitriol, in ncodlo-shap^ crystals having a searooly 
peiceptibla yeUo-wiah tmge — The 0*H“NS Ba"S, is formed by gradually 

adding oil of mustard to a -warm yellow solution of hurium-sulphide, till its odour 
becomes permanent Tho filtrate yields, on cooling, laminar effiorescent crystals con- 
taining 3 at. water. (Will.) 

Wilh alkaline aulpliydrates it unites in like manner, forming salts of allylsulpho- 


carbamic or sulphosinapieaoid (j.u.), ejr,, C”H*.CNS + 


AUyhc sulphocyanate unites readily with ammonia, forming thiosinamino, 

C*H‘NS.NH“ = sulphocyanate of allylammonium,jjjj.^^2»)|®< ® allyl- 

BUlphocarhamide, C’H‘ IS With the dcoMio maMoJinM, inlike manner, it forms 
H» 

thiosmaminea in which the typio hydrogen is more or less replaced by alcohol-radicles 
thus mth eihylamim, it forms oOiylthiosinamme or omyl-allylsulphoearbamido, 
(OS)” -j.!-. 

C*H*NS.NH*(C=H‘) = C®H* (seo TmosiMAiiiNE) ; and -with iftethylphoiphne, 


triethyl-allyl-Bulphoearbophosphamide, 0*H*N'S.P(C’H*)® = 
See Phosphoeus-bases (iv. 610). 


AmyUc Sulphocyanate, OWNS =■ (^giijs = 

Ch Phys. [3] xxv. 248 — Medlock, Ann, Ch. Pharm. beix. 214.)— Obtained by dis- 
hlling, in a capacious retort, about equal volumes of crystallised amylsulphato and sul- 
Ijhocyanate of potassium It is a colourless very mobJo liquid, which after di’ying 
and rectification, boils constantly at 197“. Specific granty = 0 906 at 20°. It has a 
pungent alliaceous odom', and bums with whilo smoky flame It is but httlo attacked 
by sulphuric acid. By boding -witli nitric acid, it is converted into amylsulphuious 


ZlthyUo Sulphocyanate, C’H'NS = (^ii|9 •= 

Ch. Phys [3] xviii. 264— Lowig, Pogg. Ann. kvii. 101.— Muspratt, Ann. Ch. 
Pham. Ixv. 253 ) — This ethnr is prepared . — 1. By saturating a concentrated solution 
of potassio sulphocyanate with ethyhc chlondo. As soon as the reaction, -which is slow, 
(but may bo accelerated by sunshine) is complete, the liqmd is to be diluted -with an 
equal hulk of water and distilled, the distdlato mixed with tivice its volume of pure 
ether, aud sufficient water added to separate the ethereal solution of ethylic sulphooy a- 
nate. Tho other is then drawn off by distillation, and the remaining ethylic snlphooya- 
nato is purified by rectification over chloride of calcium — 2. By distiUing equal parts 
of calcic othylsulphate and potassio sulphoeyanate, both in concentrated solution. 

Elliylio sulphocyanate is a mobile, colourless, strongly refracting liquid, having a 
tasti” of anise, and a pungent odonr like that of mercaptan. Bolls at 146°. Specific 
gra-nty of liqmd =. 1'020 at 16°, of vapour = 3-018. It is insoluble in water, but 
alcohol and eihor dissolve it in all proportions. 

Ethylic sulphocyanate is rapidly decomposed by njfric add, yielding ethylsulphur- 
ous acid, with only a small quantity of sulphuric acid The same acid is formed on 
treating the ether -with hydrocUono affid and chlorate of potaawm, the reaction being 
often so violent as to sot the volatile products on fire. 

Chlorine gradually attacks ethylic sulphocyanate, forming chlondo of cyanogen, and 
a heavy oil soluble in water. — Bromine attacks it violently, forming orysWhaabla 
products. 

When heated to 100° in a' sealed tube -with aqueous potash, it is converted into 
efhylio disulphide, with fomation of potassic cyanide aud cyannto (Bruning, Ann. 
Oil. Pharm. civ, 193) . 

2C=H»OyS + 2KHO - (CW)»S" + KCy + KCyO + H’O. 

On boiling the etlior -with alcoholia potash, ammonia is given off, together with 
ethylic disulphide. With an alcoholic solution of potassic monosnlpliide, it foms 
sulphide of cthyl and sulphocyanate of potassium, without eiolution of ammonia. 
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Tho alcoholic solution of othylic sulphocynnato does not precipitate metallic boIu- 

Dry mmumia-gas forms, with othylic sulplioej'nnate, n small quantity of a body 
having tlio composition of othyl-sulplioeiirbamulc, (CS)"(C’H*)H“N-. — With aqueous 
ammonia of ordiiiiity strongtli, blaelc uncr^ stallivnUo products aro tomiod , with excess 
of dihito nijiicous nmnionia, tlio products formed aro cjaiudo of ammonium, carba- 
mido, and disulphide of otliyl : 

2(C*H‘.CNS) + 2ira[« + ffO = (Nn‘)CaT + CN^H^O + (C’3I“)«8h 
}<:/hyla»ii»r likowiso decomposes othyho aiilphocyiiuiitc. (.reanjoan, Compt. rend, Iv. 
330, scoalao Kromer, J. pr. Chom. k-vin. 3(io, Julircsb 1868. p. 401.) 

With trk//ii//jiJio‘'phiiie at 100°, it foims a largo quantity of triotliylphosphine- 
Bulphide, together with cyanide of tnethylphosphonium (Hofmann, iv. 611) : 

C=H“.CNa + 2(C»H")«H ~ (C-H“)»PS + (0‘n>)'P.CN. 

Ethylonto Sulpbooyanate, (Bon. 

nonselioin, J.pr. Cheni Ixv 257. — Buff, Ann. Ch Pharm.xcvi. 302,c.219, Jahrosh, 
1865, p 610, 1856, p 607.) —Produced by heating an alcoliohe solution of etiiylenio 
chloriuo (Dutch hquia),with on cquiralont quantity of potassio sulphocyonate, to 100° 
in a sealed tube. Chloride of potassium tlion aoi>aratcs out, and on distilling off tiia 
volatile pwoduots from tho filtered hquid, removing th( " • ' ” ’ Igulpho- 

eyauatu of potaefeuim with a littlo cold water, enc ■ o in hot 

water, a solution ia obtained which yields crystals of on cool- 

^thyl 61110 sulphocynnato is ihoderately soluble in boiling water, and separates there- 
from in stellate groups of small needles , easily soluble in waini alcohol, whenco it 
erystaUisoa in largo, white, shining, rhomluc plates. It melts at 90°, and sohdifics at 
83° ,' decomposes at n stiongor heat, giving off a pungent odour, hko that of burnt 
onions, mtli vopour of ivntor it appears to distil undooomposed, the vapour 
attacking tho eyes strongly, and exciting violent sneezing ; it has a sharp burning 
tasto. It dissolves in very dilute mine aci<l, crystalliaea again m ueedlos on cooling , 
but stronger nitric acid converts it into a crystalline acid, which, according to Buff, is 
idontical with disidphothohc or othylono-sulphurous acid, C'“H*S“0''. 

Acids do not separate sulphooyanic acid from ethylenio snlphocyanate The alco- 
holic solution does not give the reaction of eulphocyanie acid with ferric salts till it 
has boon boiled with potash Wlion boiled with baryta-water, it yields carbonate and 
Eulphocyanato. of barium. On boiling it with pluiiibio hydrate, sulphide of lend is 
formed, especially on addition of potash, and tho solution gives, with feme salts, 
tbo loaetion of sulphocyanic acid. The alcoholic solutions of ethylonio snlphocyanate 
and mercuric chloride yield, after a while, a white precipitate (Sonnensohein). 
With ammoma it forma an easily soluhlo sulistiince, which readily gives up sulphur to 
niorcune oxide (Buff). — With Irvthylphoiphme it acts similarly to el hylic sulpho- 
cyanate, yielding sulphide of triothylphosphino and cyanide of ethylene-hexethyl- 
diphosphonium (Hofmann): 

+ 4(C'H»)>P = 2(C=H»)«PS + (0“H*)" (C“H»)«P».0'N“. 

Eexylio Sulpliooyaxiate, C“H“.CNS (Pelouzo and Cahours, Ann Ch. 
Phys, [4] i. 6 ) — Produced by heating hexylie chloride to 100° for eeverol hours with 
alcoliohe eulphocyanate of potassium. It is a nearly colourless fehd liquid, of spqoiflo 
granty 0 922 at 12°, hoihng at 215°— 220°. 

MotbyUo Snlphocyanate, CEP ONS = (Cahours, Ann Ch, 

Phys [3] xviii. 2flL)— Obtained by dietilBng a cotieentsated solution of equal parts 
of potassic Bulphocyttuate and ealcie metliylBulphato. It is a colourlesa very mobile 
lupud, having an allmceons and intoxicating odour* Boila between 132® and 133®. 
SproiHc gravity of liquid, 1116 at 16®; of vapour 2 670—2 649. It dissolves 
slightly in ivatcr ; in all proportions in alcohol and ether. Chlorine attacks it veiy 
slowly 111 diffused light, producing fino crystals of chloride of cyanogen, together with 
a hea\y j allow oil, which solidifies in contact with annnonia , — Niino acxd of ordinary 
fctrength di^,solvps it when warm, and deposits it again on cooling. By continued 
boiling with nitnc acid, it is converted into methylaulphurous acid It la scarcely 
attacked by j)ota,th at ordinaiy toraperaturcs , but alcoholic pot-aah decomposes it when 
heiited, ammoma and mctbylic dibulphido being given off, while cyanide end carbonate 
of potassium aie^ found m the residue. With alcoliolic sidjihida of potassiu7n, it forms 
Bulphocynnate of }HitaHsiuin and sulphide of methyl, — Aqueous ammonta decomposes 
it quickly, forming a brown Bubotaiicc reBombling ulmui, and a small quantity of a 
white crystalhne body* 
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Naphthrllo SiUpliooyanate, C'^JE’CNS ■=> (V. Hall, PhU Mag. 

[4] XTit, 304.) — Tills other is produced, togothor with nophthylamine, hy distilling 
dinaphthyl-sulphooarbBmide (obtained by digesting crude naphthylamiue with carbonic 
disii^iliide) with phosphoric anhydride 

It is a erystaliino compound, having a peculiar odour, easily fusible, insoluble in water, 
but very soluble in alcohol and ether. With napMhylamine, in alcoholic solution, it 
reproduces naphthyl-sulphocarhamide. With mvUme, it yields phenyl-naphtJiyl-sul- 
phocarhamido, [(OS)''.0*HhC'«H’.H«]It* 

Pbenyllo Salpbooyanate, C“H”.CNS =. |h. (Hofmann, Proo. Eoy. 

Soo. IX. 274, 487 , Chem Soe. Qu. J xiii 309 ) — Produced by distilling phanyl- 
Bulphocarbumido, (CS)''.C“H®.HMi^ with phosphoric anhydride. After rectification 
over the latter, it is a colourless transparent hquid, smelling like oil of mustard, 
having a specific gravity of 1 136 at 16", and boiling at 220°, under a pressure of 
0 762 met, It distils unaltered with water, and even with hydrochlorio acid, but is 
very easily decomposed by alkalis. Alcokolia potash converts it first into diphonyl- 
Bulphocarbaimde, then into diphenyl-carbomide. With ammonia, it yields phenyl-sul- 
phooarhanude : 

OH' OSH + HH» = (CSy.OH'H'N’. 

With aminos, it unites in a similar manner . with mihne, for example, it forms 
dipheujl-sulphocarhomide, and with naphthylamine, phenyl-naphthylsulphooarbamido, 
isomeric or identical with that above described. 

With inetkylphoapinne it unites so energetically that the mixture often takes fire* 
when, however, the aotion IS duly regidatf ’ ■“ -o’’ i, 

OW'NPS = (CSy'(OH')»C"H'N.P,i8- 

in like manner, it forms the compound ^ 7 

IS an oily liquid, insoluble m water, slightly soluble in ether, easily ia alcohol, ,aud 

forming with hydrochlorio acid the crjstalliuo salt C'’’H'*NPS HCl. 

STTXiFBOcyiaEIfXC AGIO. Syn. with Thtutlsiixphtoous Acid. (See 
Boiphtoous Ethebs) 

SIIXiPBOSBACOiriC ACID. A conjugated acid, produced, according to 
Laurent, by treating oil of anise or tarragon with a large excess of sulphuric acid. 

sVEPBorEAVIC ACID. See iNDiQostrLrHtniio Acids (ui. 262). 

SUIiFHOFOBni. An oily liquid, produced m small quantity by distilling iodoform 
with mercuric sulphide (Bouchardat, J. Pharm. xxiii 12) According to Eggert, 
however (Ohem. Centr 1857, p. 613), this product thus obtained is nothing but oar- 
honio disulphide. 

SGIiFBOFVIiVXO ACID. See luDiaosimpinmtc Acma (iii. 262). 

BDDPHOGDVOXC ACID. Syn With 0i,vcososiiir’Ktmio Acm (li. 872). 

striiPBOGDirxXDriC acid. The name apphod by Berzelius to a glutinous 
acid, formed, together with other products, by the aotion of sulphuric anhydride in 
excess on naphthulono. {QerhardSa Traati, in. 468 ) 

SVDFHOGDTCBBXC ACID. G'n'SC". Syn. with GnTOBBosutPHtmio Acid 
( ii 892). 

SUX.FBOODVCODI.XO ACID. C'H'SO*. Syn, with EiHixifflB-BiiLPHinao 
Aon). (See Ethixbnb, Sdiphatb of, ii. 682.) 

O'H'O ) 

BUI.FBOBIPFimXC AOXD. 0“H“NS0“ = C'H'NO'.SO* = ^^oy^"[o2. 

'' H' J 

(Schwanert, Anu.Ch Pharm exii. 69 ; Jahrosh. 1869, p. 328.) — ^Permed hytreatmg 
hippnne acid with sulphuric anhydride By converting the product into a lead-salt, de- 
composing with sulphydnc acid, &e , it is obtained as a brown, amorphous, deliquescent 
mass, which is decomposed by nitrous acid, yielding sulphobenzoic acid, together with 
an oily liquid, probably glycolhc acid. 

The acid is dibasic Its neutral banum-salt has the composition C“H'Ba"NSO“. By 
boiling the acid with plwmhio hydrate, a salt is obtained having approximately the com- 
position C“H-Pb'’NSO“. 
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STIIiPHO-HTrBROQtriMrOWIC ACIDS. See HYBnOd'OTNOITE (ui. 217). 

STn.PH01vrAH.GAKIC ACID and SCDPHOZiEIC ACID. Oily acids, 
procluewl, iiocordmg to Fi iSiuy (Ann Cli Pliys. [2] Ixv 113), togetlicr with sulpho- 
glyccne aeid, by tlia .iction of strong sulphunc iioid upon oloin lit low tcmpoM- 
tiirea Tho sulplioloic acid, being iiisolnblo in tlio acid liquid, separates in tho 
form of .moil fioin tlio snlplioglycerie acid, which renniiiis dissolved. Thoso two .loida 
h.ive not been bep.iratod, and consequently their composition lias not bocii detorniiued. 
They are both solublo in water and in aleoliol, so lilemso iiro their pota.ssnim-, 
Eodinm-- and uiiinioinimi-.sults; tho other s<ilts are insoluble in water, slightly solublo 
111 alcohol. 

.Sulpliolcic acid is decomposed by water, yielding liydiolcic and mota-oloic acids 
(iv. lUti) faiilplioinargarie acid yields similar products. 

STTDPKOI.ION'IC ACID. A syrupy acid obtained by treating cotton, linen, 
sawdust, and other forms of eoUnlose, with strong siilphnrie acid. It forms Bolublo 
tails with baryta and oxido of lead. (Gorhardt, li. 548 ) 

SUIPHOWCAMHITIC ACID. C'H“0“ 3SO*. — ^An acid produced by dissolving 
mamiite in strong sulphuric acid. It appears to bo tribasic, forms gummy dehquoscent 
salts with the alkalis and with oxide of lead, and a cryttallmo salt with baryta. 

SUDPHOKEDAXrUBEH'ZC ACID. CWH'S’ =. 0yH=N.2CyHS = 
SiilphmeHonio and Sitlpliydi omclhmo acid Hydrothomclhno ^Jamieson, Ann. 
oil Pham, lix 330 ) — An acid obtained as a potassium-salt by boiling pcrsulphooya- 
nogen with siUphydrato of poUstnim 

2C'N“HS' + SKHS + 2ffO = OWHW + 20NK:S + CO* 

+ 3H*S + S*. _ 

Tho resulting liquid noiitr.ditcd with acetic acid yields a copious w'hito precipitate, 
consisting of sulphur and sulphomolanurcme acid, which is to be wasiiod and treated 
vnth cold aqueous nimiionm, to dissolve out tho acid and leave tlie sulphur, and the 
filtered solution, after being left to evaporate in a warm place, is to bo boiled with 
animal charcoal, tdl it yields a pertectly white precipitate with acids. 

Sulphomehmnvenic acid is ne,irly insoluble in cold water, alcohol, and other, slightly 
solublo in boihDg water, whieli deposits it in very small needles. It is tasteless, but 
reddens litmus. It begins to decompose between 140° and 150°, and is resolved at a 
higher temporaturo into nioUoue and sidphydric acid . 

CyH*N20>HS = HCy* + 2H*S. 

Sulphomelamirouic MoUoae. 
acid, 

T7hen boated with hydroclilorie, suliihnric, or nitric acid, it is resolved into ammonia, 
Bulphydnc ueid, and cyanuiic aeid ; 

CyH’‘N2CyHS -s 3H*0 = Nil* + 2H*S -S Cy«H*0». 

Sulphomclannromc acid is monobasic. Its potassium-salt, 2C*lIiH*KS*.3H*0, forms 
shining colourless prisms, 'Very solublo in water and in alcohol — The sodimn-aali, 
20*11 *H*NuS*.3lI*0, crystallises in largo translucent plates having a fatty aspect, or 
in small scales resembling cholestcrin. — ^The hanmi-aalt, C*N*H*Ea’'S*.5H*0, forms 
colourless needles, having a fine adamantine lustre, and very soluble in water, — The 
alroniium-ialt, C‘N*H''Sr''S*.4II*0, forms largo pl.ites having a waxy lustre. — 
Thu cak’iim-iidt, C‘N*H“Ca''S* 2H*0, forms slnnmg erj-stals.— Tho magneawm-saU, 
C“N*H“JIg"S*.6H*0, crystallises in small shining ncofes, very soluble in water. 
— Tho silver-salt, C*N*H*AgS*, is precipitated in white flocks, quite insoluble m 
walur, on adding mtrato of silver to an ammomucul solution of the .ucid. It blaekons 
ou exposure to light, but boars a tomperaturo of 100° without decomposition 

StriiPHOlWEliliONlC ACID. Syn. with SuLPHosTEnAnnBENio Aoin. 

suiiPHoniETHYEIC ACID. Syn. with ]VlETHTt3Di,PHtniiD Aom. (Seo SvL- 

PEUBio Etiiebs ) 

BTTX.PBOXaoii'i'BDATES. See MoLTBUEHtlM, SutPHinES OF (lii 1043). 

SHliPHOIVloRPHIDB. A product of the action of sulphuric acid on morphine 
(in 1065). p p 

STrEPBOMAPBTBAEEn'E. C'»H»SO* = (Berzelius, Ann. 

Cli Phys. [2] Ixv. 290. — Laurent, Bay. Scient yiii 687.) — compoimd, wliicli 
may bo regarded as a double molecule of naphthalene, having two of its 

hydrogen-atoms replaced by sulphuryl, is formed by du’octmg the vapour of sulphuric 
anhydndo on an excess of fused naphthalene. A syrupy liquid is thereby foiraed, 
from which tho bulplioiiaplitlialoiio may he beparated by treating it with boiling water, 
and crysLalhsing the residue from aqueous alcohol. 
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Sulplionaplitlinlone eiystallisea from aleohoLo solution in tasteless inodorous 
nodules. It molts at 70°, oud solidifies on cooling to a transparent mass, which hocomes 
olectnc by friction At a higher temperature, it decomposes, giving off sulpliiirous 
nuhydi'icle Itis slightly soluble in water, moresolublein hoihng.ilcohol, not atfiicked 
by boiling potash-lo;y, htitromuriatie acid dissolves it at tlio boiling heat, without forma- 
tion of sulphuTio acid. 

svz.FKON'APH'rHaX.IC ACXD. C'"H«SO*. Syn. with NiPHTHYLsm-sinj- 
Eous Aoro. (See SttLPmnious Ethejis ) 

nisulplionaphthallo Aold, C'*H*S“0“. Syn. with NAPHTinaBiNE-SDi.pnuEous 
Acid. (See Sulehuuous Ethers.) 

STXlVPBOH'APRTBAIiIDAiaXO AOZB. Sya with Naphthiohio Aom 
(IT. 17). 

SITXiPHOXrAPRTRaAH'ZC ACID. Syn. with SuLPHONAPHTBAtlO AcU). 

SXri^PHOH'A.BOOTIIlE A product of the decomposition of sulphate of narcotmo 
(iv. 28). 


SVXtFBOPHEN-ZO ACZS. 

(See SuLPHUBio Ethers.) 

SUXiPBOPHEmrX.A»XI>B. 




pliohemolannio, Asoture pTimyls^dfureit^: Atoture de sulfophenyU ct d'hydroghne. 
(G-oi'hardt and Chancel, Compt. rend. zxxv. 690. — Gerhardt and Chiozza, 
ibid. xsxv. 86, Oeihardds Tiaiti, iii. 74.) — ^Produced hy the action of ammonia 
on sulphophenylio ehlonda A convenient mode of preparing it is to pour tho 
clilorido on a largo excess of pulverised ammonium-carhonnte ; the reaction commences 
immediately, and maybe completed by gently heating the mortar in which tho mixture 
18 made, till the odoui' of tho chloride is no longer perceptible The product is then 
washed with cold uater, which dissolves out the sal-ainmouiac and tho excess of 


ammonium-carbonate, and the residual siilphophonylamido is crystalhsed from a small 
quantity of hoihng alcohol It is also produced (together with sulphurous anhydride, 
ammonia, benzol, and a small quantity of phenyhc sulphide) by heating phenylsulphito 
(sulphubenzolate) of ammonium. (Stenhonse, Proo Eoy Soe xiv 361.) 

Sulphophonylamido ery,stolliscs from alcohol in splendid nacreous scales (Gor- 
hardt), from alcohol or water in laminin resembling naphthalene, and melting at 
163° (Stenhonse) , according to Gerhardt, it is insoluble in water, very soluble m 
alcohol, soluble iu boibug aqueous ammonia. 

SulphophenyUmide contains two atoms of typic hydrogen, one or both of which 
may be replaced by metals or organic radicles. The foUowng compounds have thus 
been obtained ' — 


, Argentosulphophenylamido .... C“H‘‘AgNSO* 
Beiizosulphophenylamide .... C“H°(C’H’0)NS0’. 
Argento-benzosnlphophonylamide. . . C“H*Ag(0'H‘O)NSO^ 

Dibenzosulphophenylamide .... C«H»(C’H>0)=ES0^ 
Benzaeotosulphoplionylamide . . . C'>H“(C’H’O)(C’H’O)17S0’. 

Cumoaulphophonylamide .... C«H‘(G'»H"0)NSO* 
Cumo-bouzosulphophenylamide . . . C'II*(C'“H''O)(C’H“0)NS0®. 

Phenylaulphophenylamide . . . C“H“(C»ff)NSO*. 

Succmusulphophenylamide .... C«H»(C'II‘07'NS0b 

Argmtosulpho^honylamide, C“H*AgNSO®, is obtained as a white crystalline precipi- 
tate on adding nitrate of silver to an aleoholie and ammoniacal solution of sulpho- 
phenylanjide, 

Succinosidphrypkonylamide, C’H'NSO®, is formed by the action of sncemic chloride 
on sulphophenylamide The product, whicli is viscous .it first, solidifieB when treated 
with alcohol, and crystallises therefrom in very fine needles. 

Fhcnylsvlphoplienylamulc, or SulphophenylamMe, is formed by tbe 

action of amline on aulphophenyhc chloride. The product remains viscous for a long time , 
but when dissolved in alcohol, it yields splendid prisms, with pyramidal faces, bite 
small crystals of amethyst, wliich they also resemble in colour. They dissolve easily 
ui alcohol and ether, (Chiozza and Biffi , Gerltardts Tradi, lii. 981 ) 

Tho other compounds in tho preceding list have been already described under Ben- 
ZAMiDE (i 639, 640), and Cuminamidb (u. 177). 

(SO)’' ) vr 

FiiulphopUnylamiAe, = E H.(C»H’'SO’')’' = (C«H'')n",.— 
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purified by crystaUisatiOB from other. 

(0«H*SO«)M 

Sticctno-dibenao-ditvlvhopkenvldiainide, - (O’H’O)' In* 

(c^H'o^r J 

“ I 0*- — obtained by lieating argonto-benzosnlpho- 

(C'H'O’)" ) 

phenyliimido with anccimc chlorido, crystallises from other in small noedlos. 

SUXPH0PKEMY1.1C or PHE]nrXSTrXX>HTmOVS CBXORXDZi. 

C'ffSO'Ol (iSeo Sonrannous Ethkbs.) 

SfriPHOPHETTYXIC or PHBWVXSTIXPHTOOWS HVEHIBE. C»H“SO^ 
— A eoiuponiid formal by the action of reducing agents on the eorrospondiug chloride. 
(See SuipIniBOua EmrEns ) 

strxpaopBBKnrxsvccxN-AKnc Acxs. 0'«H"NS0> = 


The ammonium-salt of this ncid is obtained by ovoporntiog an ammoaiacal solution 
of aucomosiilphophenylamidc, first at a gentle heat, tlien in a vacuum A very thiclc 
yiaip then ramains, which altornately crystiilliscs in couoeutne groups of siMcy fibres 
Tins e.rlt is very soluble in wafer and in alcohol, molts at 180°, giving off a large 
rpiiiutity of ammonia, and leaving an oil wliieli, when dissolved m ammoina, yields 
ciystids of Bulphoplii'nyl.imide, The aqueous solution of the nmmonium-salfi, mixed 
wth a few drops of hydrochloric ncid, deposits splendid needles, winch melt hotweon 
15,'\° and 160°, and have the composition of the original salt The silvn'-salt, 
C'"H'“AgNS0‘, is deposited in beautiful needles on adding nitrate of silvoi to a solu- 
tion of the tunmouium-salt 

SVXPaoPBXORAmxc ACIB. An ncid produced by heating phloraniine (iv. 
488 ) with strong sulpbrnsc acid On saturating the solution with carbonate of barium, 
doeomposiug the hot filtrate with snlphnnc acid, and decolorisuig with animal charcoal, 
the acid is obtained in colouriess needles. Its solution, even when very dilute, forma 
a deep violet colour with feme chloride, like that produced by tyroeiusulphurio acii 
(Hlaeiwotz, Ann. Ch. Pharm. cxix. 199.) 

SVXPSOPBXOBSTXC ACID. _ C»H'«S0«— This ncid, produced by the action 
of Btilphnno anhydride on phloretic acid, forms a very sow synip, easily soluble in 
w.ater and in alcobol. The oammi-salt, C*H“Ba"S0*.3H’0, crystallises m hard appa- 
rently rhomhoidal crystals ; it is nisoluhlo in alcohol and ether, and gives off its water 
at 10°. The caleium-sali, C“E‘Cu"S0“.4H’0, is crystalline ; the magnesiwn-sali, 
C»H*Mg"S0*.5U“0, gummy. The sotHuni-bali, G"H*WS0“,xH'‘0, forms hard, easily 
soluble, eryslallinecmsts,wluchgiT6offth6irwatorat260°. (Nachbaur, J pr.Chem. 
Ixsv U).) 

SeXPaOPBOSPHATBS and SBAPBOPBOSPBITBSi Sec Phospeobus, 
Sulphides on (iv 003, 604). 

SBXPBOFIABIC ACID. See OwANic ACU) (iv 206). 


SCXPBOPtrRFCBIC ACID. See lKDiaoairi.rKtiRiQ Aoms (iii. 262). 
SUXPHOPTBOMUCXO ACXD. C’H*SO» By treating woll-dncd pyronmolo 
acid with sulphuric anhydride, a yellow-brown syrup is obtained, which, by dilution, 
ncutralisalion with biryta, and evaporation, yields an indistinctly crystalline bariiim- 
s.ilt, cont.iiniug (at 160°) C°H’Ba"SO“. (Schwanert, Ann. Oh. Pharm. cxvi 2G8.) 
STTXPSOQUXifXC ACID. Syn. with QuiNWE-aniPHniiio Acto (p. 28) 
STrx.PKOBBXin’'srxxc acid. An acid isomono with aulphooumolic acid, 
ohtaiiicd, accoiding to Calioiws and Gorhaidt, by treating rctinyl (iv. 98) with fuming 
sulphuric acid. Its harium-salt is less soluUo than the Bulphoonmolate, and separatia 
on evaporation in erysUlIino crusts, which have not tho nacreous aspect of the sulpho- 
cnmolnta (Gorhardt, ni 388 ) v i- 

SVXPHOBmC ACXD. Soo IjroiGOsULPinmic Aerps (m. 262) 
SDXPBOSACCBARXC Or SUXPHOCXUOIC ACID. C-*H'"SO-'’ = 
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40'*H''“0''.S0’ ? (Peligot, Ann Cli Pliys [2] Ixvni. 68.)-— Piopared ty treating 
gluooSG wth li pt. of strong aulpliuric acid, mixing the materials by small gnnntities 
and in a cooled vessel By saturating -with carbonate of barium, and treating the 
filtrate with basic acetate of lead, a lead-salt is precipitated, containing (at 170°) 18'05 
per cent G, 2 S H, Sfl 15 PbO, and 4 6 SO‘‘, agreeing approximately vritb the formula 

C“H'®F'b*SO^’' By decomposing tins lead-salt irith suipbydric acid, sulphosaccbiiric 

acid is obtained in the form of a Lqmd, which reddens litmus, and has a sweet and sour 
taste, like that of lemonade It does not precipitate barium-salta ; in fact, nearly all 
its salts are soluble It is very unstable, decomposes at ordinaty temperatures in a 
vacuum, and quickly at the heat of the water-bath, mto glucose and sulphuiio 

' (O’H^O)") 

SXn.PHOSAX.IOTX.XOACXD. 0'H"S0» = 0’H“0’.S0» = (SO)" bO^.— -This 


acid, discovered by Oahours (Ann. Oh. Phys. [3] xiii. 92), and more fully examined 
by Mondius (Ann. Oh Pharm. ciii. 39 , Jahrosb. 1867, p 319), is produced by ex- 
posing perfectly ^ salicylic acid (prepared from wintergreen oil) to the vapour of 
sulphuric anhydride. The product dissolved in a smaB quantity of water is sepai-atod 
by filtration from unaltered saheylio acid ; the filtrate is saturated with carbonate of 
barium ; the resulting borium-solt, which separates partly as the filtrate cools, partly 
on evaporation, is decomposed by a slight excess of sulphuric acid, the filtered solution 
is partially saturated with carbonate of lead ; the lead is precipitated by aulphydno 
acid ; the concentrated filtrate is loft over oil of vitriol till it deposits suipliosabcylio 
acid in crystals , and these are freed from the viscid mother-liquor by means of abso- 
lute alcohol. 

Sulphosulioylio acid crystallises in long thin needles, which ai'o dissolved in all 
proportions by water, alcohol, and ether, and absorb moisture from the air. It is a 
very strong and permanent acid. Its solution dissolves zinc with evolution of hydro- 
gen, and IS not decomposed by he.itiiig with nitric or hydrochloric aoid, either dilute 
or concentrated ; by boiling with a nivxtuve of the two, however, it is resolved into 
sulphuno and salicylic acids, the latter bomg further conveited into perehloroquinoiin 
(chlaraml), which separates in yoUow flocks ’ ' lelts at 120°, and 

decomposes at higher temperatures, giving off . i of salicylic acid. 

(Mendius) 

Sulphosalicylates. — Sulphosolicylie acid is dibasic, forming neutral acid and 
double Silts They are all soluble m water (the lead and silver-salts, however, sparingly 
soluble), and neaily all are insoluble m alcohol and ether. With ferric suits, they pro- 
duce a deep violet coloration, inclining more to red than that produced by salicylic acid. 
They do not give off the whole of tlienr ciystaUisation-water below 180° — 200°, and 
decompose at higher temperatures, with evolution of phenol , the acid salts also yield 
a sublimate of salicylic acid. 

The OMiwiojitiim-siiif IS difficult to obtain pure, its solution turning brown and 
givmg off ammonia when evaporated. 

Bannm-salis—Tha netUraZ salt, C’H'Ba”SO'‘.3H'*0, prepared as above, is 
crystallme, easily soluble in hot, less easily in cold water. — The aotd salt, 
0'‘H‘''Ba"S'*0‘®.4H^O, or C’H<Ba"SO'' 0'H"SO’.4H°O, crystallises in oblique, irregular, 
ste-sided prisms. 

The oaloiuni-salt, C®Ca"SO‘.H®0, forms hemispherical groups of silky 
needles. 

Copper-salts . — The nmitrdsaXt, 0’H-‘Cu"SO“ (at 180°), obtained by decomposing 
the barium-salt with cupric sulphate, forms cauliflower-shaped masses of crystals, ex- 
tremely soluble in water —A lasio salt, C® Ou"SO'" Cu"0 2ff 0, is obtained as a green 
crystalline powder by digesting the aeid with recently precipitated cupric oxide and 
evaporating 

The lead-salt, 0’H*Pb"S0“, crystalhses indistinctly in smaU round nodules. 

The magnesium-salt, C’H'Mg"SO“ 3H''0, crystallises in long irregularly cross- 
ing rectangular pnsms, which become opaque in the air, and dissolve very easily in 
water. The solution, mixed with sal-ammoniae and ammonia, is not precipitated by 
phosphate of sodium tiB boiled. 

Potassium-salts — The nciiiral C'H'‘1C"S0“.2II“0, is permanent in the air, 

vew soluble in water, less soluble in alcohol, and may be crystnBised from the latter. 
— The acid sail, C'H*KS0".2H‘^0. separates from a hot concentrated eolntion in 
spherical groups of needles.— Another aotd salt, C’H*K’S0“.C’H‘K0“.H'0, separates 
from a solution of the neutral salt mixed with a smaU quantity of free acid — Potassio- 
mpric and potasm-plumbic sulphosahcglates have been obtained as unciystalhsablo 



526 SDLPHOSINAPIC ACID— SULPHOSINAPISIN. 


The silver-salt, C’H''Ag*S0“.H-0, obtained by digesting recently precipitated 
silver-oxide in tho hot atjueoua aeid, is sparingly soluble in cold, easily solublo in hot 

Sodinni-salts.~X\\a neutral C’H'Na’SO" 3IFO, fovmg transparent, colour- 
less, oblnjue, six-snled prisms, which do not give off all their water till heated to 200° , 
it dissolves easily in iviitor — A sodio-jiotassic salt, C'H’KNnSO" 4H*0, obtainod by 
noutralising thu aeid potaswimi-salt with caibonate of sodium, crystallises lu rectan- 
gular prisms h.iving ,i silky lustre 

Tlio ainc-sali, CFH'5in"S0“.3H“0, rosemhles tho iiiagnegiiim-salt. 

Etltylio S^tlpJiusalicylate, C’H'(0"H“)’SO“, is formacl by tho action of othylio 
iodide on argoiitie sidphosulicylato, and separates from iileohohn solut.iou in soft, 
kneadable, siAy crystals, wliich are portoctly neutral, molt at 5G°, and distil unal- 
tered mth ivator. (Mendius.) 

SUZiPBOSIirAPXC or AXili'SX-STntiFaOCAKB&iaiO ACID. 

= C’H=CySH« =« (CS)"I" CViril], Ann Ch Pharm. In. 30 )~Ttes acid is not 

known in the free state. Its salts may bo rcgaided as compounds of nllyhc sulpho- 
cyanato (oil of mustard) with nietalho sulphydiates, and those whicli are soluble may 
be produced by the ebreet union of these constituents , ulso by the action of nllyhe 
sulphocyiinate on tho allcaliiie solutions of tho corresponding liydiates. The insoluble 
salts arc formed by precipitation. 

Tho ammoniicm-sali, C^H'^N-’S- (C’S")CNS (NH*)IIS, formed ns above by direct 
combination, solidifies to a magma of colourless lamiiue , it is very unstable, cloconi- 
posing spontaneously at ordinaiy temporatiiros. 

The potiissiKia-snW, C*H“KNS^ ■= (0'II“)CyS KHS, separates by slow evaporation 
fioiii an idooholio or oven an aqueous solution of potassio sulphydi’ato, to which 
imist.ird-oil is added as long ns its odour is destroyed, in large rhomhio plates , by 
quicker ovaporatiou in smallor crystals It may also be prepared by slowly dropping 
oil of niustaid into u concentrated solution of potash in absolute alcohol , decanting 
tho solution after aovenil hours from tho crystaUised potassic carbonate, diluting jt 
with water, and evaporating the pale-yellow flltrato to a syrup this, when set aside, 
deposits shniing crystals of potussie sulphosinapate. Tho smt cannot, however, be 
obtained quite pure. 

Tlio crystals of potassic siilpliosinapato are transparent and ooloiirloss so long as 
they remain in the liquid, hut on exposure to the nir they become opaque aud yellow, 
lose thou- form, and become partly insoluble in w.i.tor. The aqueous snUition of tho 
recently prepared salt m.iy he heated 'without giving off tho odour of inustai'd-oil , but 
on mixing the heated solution with nitrate of silver, sulphide of silver is precipiWted, 
■and the odour of mustard-oil becomes perceptible. Tho dried salt, when heated, gives 
off mustard-oil, and yields a brown liver of aulpluir. When decomposed by sulphuric 
acid, it yields a largo quantity of sulphydnc acid, but no sulphur 

The sndwm-eaU, C‘H'‘NaNS“.3H‘'0, is foimed by direct combination, and separates 
in nuoieous lamin.'c, which are unctuous to the touch, and when heated, first molt, and 
then give off a large quantity of mustard-oil , it cannot ho kept without decomposing 

The iaiiii, ;i-sa//, C‘H>''Ba''N-’S<4H^O => 2C»H»CyS Ba"H-S‘.4ffO, is obtained. 
(1 ) by boating oil of mustard with a solution of bariiim-sulphydrato containing alcohol , 
I'i) by passing sulphydric acid gas through aqueous alcohol containing hydrate of 
banum and oil of mustard in suspension, (3) it is deposited from the mother- 
liquor of the alcoholic solution of the compound of allyhc siilphocyanate and sulphide 
of Kamim (p. 619). It forms crystallmo laminse resembling tho sodium-salt and very 
solublo. 

Till) caleium-sali, as obtained by the second method of preparing the barium-salt, 
forms a slightly yellow tvamparont yelly, which decomposes in raying 

Tho lead-iult, C“H'-‘I’b"N'S‘, is obtained by adding neutral acetate of lead to a very 
dilute solution of the potassmm-salt acidulated 'with acetic acid, as a white precipitatn, 
which decomposes p.irluilly, oven during washing and drying in a vacuum over oil of 
vitriol, and quickly at 100°, yielding “oil of inusUi'd, siUphide of lead, and free 
sulphur. 

AVheii decomposed hy sulphuric acid, it gives off ahundauco of Bulphydrie acid, 
without the slightest odour ot mustard-od. 

Tho solublo snlphosin.apatcs yield with copper-sedU a green precipitate, and wnth 
silver-salts .i wlute pirecipitato, both of which quickly blacken and decompose, oven 
when immodiutoly tlirown on a filter and washed with cold water. 

StriPHOSIlVAFISIIT. The namo given by Hcniy and Gnrot to sulphocyanato 
of Biuapiiie. (Seo SisAHNe, p. 308 ) 
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SUltPHOSBTCCINlO ACID. C‘H“SO’ « C*H'’O*.S0‘' -= (SO)" >0*. 

) 

(Fehling, Ann. Oh. Pham, xszvui. 286; xlix 203.) — ^Produced by oxpoEmg 
succinic acid to the vapour of sulphuric anhytede in a vessel externally cooled, and 
heating the resulting viscous muss to 40® or 60° for several hours. Tha product is 
dissolved in TOter, the solution saturated with carbonate of lead, the lead-salt 
decomposed by sulphydric acid, and the filtered solution evaporated in a vacuum over 
oil of vitiuol. 

Sulphosuoemic acid thus obtained foms mammellated ciystals, veiy soluble m 
water, alcohol, and ether ; it has a very sour taste, and decomposes quickly when 
heated, leaving an abundant eaihonaceoua residua. The crystals absorb moisture 
from tbe air , their aqueous solution is partially decomposed by evaporation over the 
water-bath. 

Sulpho succinates. — The acid is tribasic, the neutral snlphosuecinatcs of mona- 
tomic metals having the composition O^H'M“SO' The acid saturates bases com- 
pletely, and even decomposes acetates. 

The fieutral ammoiumn-salt, C*H’(NH*)’SO’.ffO, is ohtamed by placing a strong 
solution of the acid, together with aqueous ammonia, under a boll-jar, in the form of a 
syrup, winch ultimately becomes filled with needles having an acid reaction 

Potasmni-scUis —The nmiral or tnpoiasaio salt, 2C-‘H“JI’SO’.3PPO, is obtained by 
saturating tlie acid with potassio carbonate and evaporating in a vacuum, as a syrup 
coutiuuing a few deliquescent crystals; but on addmg a small quantity of aoid to the 
liquid, It quioldy solidifies to a crystalline pulp The salt is insoluble in absolute 
alcohol It gives off a third of its woter in a vacuum, tho rest when heated — The 
dijioiassio sm, C^H^K^SO’ 2H“0, obtained by adding sulphosuccinio acid to tho 
neutral salt, is veiy soluble in water, and has an acid reaction 

The neutral ioduim-salt, obtained by decomposing tbe banum-salt with sulphate of 
sodium, IS also very soluble in water 

The neutral barum-sult, 0'H*!&v’S“0" (at 100®), is a white precipitate, obtained by 
precipitatuig tlio neutral potassium-salt with bariuni-chlondo , it is very soluble in 
nitric or hydrochloric acid , dissolves also m sulphosuccinio acid, the solution, when 
left in a vacuum, depositing crystals which appear to consist of an acid salt 

An aotd oalouim-scUi, C'H-‘Ca''SO' (at 100®), is obtained by dissolving calcic carbonate 
in sulphosuccinio aoid and evaporating to dryness. 

The inagncsmm-kdt is uncrystallisable. The sulphoBucciiintes of manganese, von, 
eohalt, mokel, and copper appear to bo soluble, inasmuch as the potassium-salt does 
not precipitate the solutions of these metals 

The neutral lead-salt, 0*H'iPl3’S*0”.3H*0, is a white precipitate, obtained by adding 
acetate of lead to an alkaline sulphosuccinate A basic salt, C*H''P"b''S’0'*.Pb''0 (at 
100°), IS formed by treating tbe neutral salt with ammonia. 

The Slim -salt is a white precipiUto, which decomposes completely during washing, 
acquiring a deep-green colour. 

SVXiFHOSTrZiPKAAXVDIC ACID. Syn with AsiYLsnipiimions Acin (Sea 

SuLPmnious Ethehs ) 

SUDFBOSTAKTirATDS and SUDPHOSTAWMITBS. See Tnr, SutPHiDES OP. 

SUDFKOTEI.I>XrRAXES and SDFHOTXII.DDBITDS. Seo TELLUnrOM, 
Sulphides op 

StTDFHOTBVnxiC ACID. Syn. with TnTMYLsmtPHUitous Aero 

nous Ethers.) 

SVI.FHOTOI.VOI.AnxiDE or SirDFHOBEKrZ7DAiaiDE. C’H"NSO’'.— 
This compound, homologous with siilphophenyliimide.imd prepared by a similar process 
(p 623), crystallises from hot water in needles or m laininie. When heated with 
pent.Tchloride of pho.sphonis, it is converted into a thick oil, which is decoinnosed by 
water, with reproduction of the amide, when distilled with the pentachloride, it gives 
off a liquid wiiioli pai'tly dissolves in water, the solution also yielding crystola of 
Bulphotoliiolamido (Fittig, Ann. Ch. Pharm on. 277.) 

SU1PHOTODUVI.IC CHDOBIDB. C’HWCl Syn. with BmnxsuLpnuiious 

CiiLOMDD (See SoiPHuuoos Ethebs.) 

Siri.PBOTODYXAniZC or BBIirZTDSin:,DHAm[IC ACID. C’H’TISO’ = 



528 


SULPIIOTRIPHOSPHAMIDE— SULrHUR. 


Produced l>y carofuUy mixing 9 pt«. fuming snlphiuie acid with 5 pts, finely divided 
toluidiuo (benigikinmol, and gently heating the syrupy mass till it gives off abuudanco 
of Bulphurous anhydride. The solution is mixed with cold water, decolorised liy 
hoihng with animal eharcoal, and evaporated till it assumes a roddish-yuUow colour , 
the acid then separates in light-yellow needles, which may bo purified by recrystnl- 
lisution from water. The first mother-liquor yields rhoniboidal crystals, probably of 
beuKyldiaulphaniic acid (p 480). 

Thu sulphotolylamotos or bonzylsulphamatos aro mostly voiy soluble lu 
water; the biiriiira-salt crystallises in groups of laminro, the silvor-salt, O'H'AgNSO", 
in white laiiiinm. whieli Inrn grey when exposed to light. 

81 TX.I>BOTRXPBOSPBA]ni]>B. H'>PH“S = |n®. (H Schiff, Ana. 

Cli. Pharm ci. 299.) — Tliis compound appears to be formed by the action of ammonia- 
gas on phosphoric sulphochlonde • 

PSCl" + 3NH» = 3HC1 + N“PSH“. 

The white mass formed by the reaction is decomposed slowly by cold, immediately hy 
warm water, with evolution of sulphydric acid. Alcohol extracts sal-ammonmo from 
it, and at the same tune decomposes the other body contained in it, which is probably 
sulphotriphosphamido. 

Triphenyl-sulphoiriphosp/uimidc, ( 

with hydrochlorato of aniline, in the white mats produced by the action of phosphoric 
tnlphochloride on onihno (Sobiff ) 

SVXiBBOVASrADATZiB and S1TI.PBOVAWAB1TES. See VAlTAniUM, Sun- 
l'HU)i.S OF 

BUXiFBOVnTXC ACID. Syn. with EnTfisuiSHtraio Acid. (Seo Sunpiniaia 

Htubes ) 

sviiPBOVIBlDIC ACID. See InDiQOSDLFHrBio Acid? (ui. 2G2). 

sS^PKO^^MIDE?®' I SonmnmuxTES of (u, 285). 

StJDPBOXYBEirzozc ACID. C’H'SO" >= C'H”0®S0’ (Grioss, Zeitsehr 
Ch. Pharm. 1864, p. 638 ) — Tins acid, isomeric with sulphosahoyho acid, is produced 
by dissolving sulphato-dmzobenzoic acid » in warm concentrated sulphuiic aoid . 
C’H'N''05.SH*0< = C’H«0’S0» + 

It crystallises out when the evolution of gas has ceased, and is obtained by rocrystul- 
lisation fiom water, in white laminte, soluble in alcohol It is dibasic, like sulphosa- 
lioyho acid. The neutral barmm-aalt, C'H*Ba''SO“, crystallises in sparingly soluble 
prisms. By stiong nitric acid, it is resolved into sulphuric and tritro-oxybeuzoio 

The name sulplioxybenzoic acid was formerly applied by Grioss (Jahi'esh. 
1801, p 418) to the compound 0’H“SO‘, produced by the action of sulphydne acid on 
the platinum-salt of chlorhydrato-duizobonzoic acid (iv. 294). 

SUDPHTTR. Atomic fl’eiffht, 32, Si/mhol, S. Vapoiir^tLenmty — 82, referred to 
hydrogen, or 2 218, referred to air as unity 

Sulphur [sal, vip), orbnmstone [bi eme-stom), has been known from the earhest 
times It occurs native, either in the form of transparent ambor-coloui’ed crystals 
[vtryin iiilphur), or in opaque, lemon-yellow, crystalline masses [voloanio svlphm) 
It IB found principally in Sicily, in beds of a bfue clay formation, considered to bo 
more roctnt than the chalk. The sulphur is imbedded in a matrix of rock-salt, 
gypsum, and cclostino. Similar beds containing sulphur exist in other parts of Europe 
and in Mexico It is also found occasionally m primitive rocks, grauito, mica, &c. 
It abounds in tho lava fi.ssiiros of volcanic craters, as luatancod especially m the case 
of tho Solfatara near Naples [Forum Vulcani), and in the volcano of Popocatepetl in 
Mexico Sulphur also occurs native in combinatioa with different metals, forming 
metallic sulphides, of which the priueipal ace blonde, iron-pyntes, copper-pyrites, 
galena, cinnabar, grey antimony, and realgar Sulphydric acid occurs in hepatic 
mineral waters, and among the products of animal decomposition. Sulphurous acid 
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is a frequent cousfituont of volcanic emanations, and free sulphuric acid is somotimes 
found in the miters of volcanic noighhourhoods. Gypsum, ccclostin, and heavy spar 
coustitiito well-known minerals, and, in addition to pyjisum, the sulphates of maqiio- 
aiiim and sodium nrn very common ingredients of miiioral waters Sulphur exists m 
tlic pintein-eompouiids of animal and vogetahle organisms, in the taurine of bile, in 
the cyatm of urine, and in the alliacooiis volatile oils 

Eitraoiim — 1 Native sulphur is sometimeB puriilod hy a rough process of fusion, 
effected on the spot where it is obtained. A heap is set Are to, whereby tlio heat 
evolved from the binning of one portion fuses the remainder. It is more usual, Iwu- 
ever, to piuify it by distillation in iijiright e.irthon pots or retorts, set back to back, 
in two rows, in n long brick fiunace Tlio distilldte is received in somouhat similar 
pots, arranged iii two rows outside the furnace, and furnished each xvith an opening 
near its base, through winch the sidphur condoiised within the pot, flows into a pail 
of water, in which it congeals Tlie sulphur thus purifled hy fusion or distillation is 
known as rough sulphur, and contains about 3 per cent of foreign matter. It is 
fuither purified by redistiUation in an iron still Tho vapours are sometimes received 
•in a largo brick chamber, within which the sulphur condenses in a pulx'crulenb state 
toeoustituto flowers of sulphur, or sublimed sulphur, or it is condensed in tho 
liquid state in a smaller and hotter receiver, and is either cast into slicks, when it eon- 
atitutes loll-Bulpihur, or is allowed to congeal in mass, when it constitutes refined 
lump-sulphur. 

2. from Pyi lies. — Sulphur may he ohtiuncd by heating disulphide of iron in closo 
vessels, precisely as oxygen is obtained by heating dioxide of mnngaucso under similar 
conditions : 

3FcS= = Fo“S' + S’ 

Manufactured sulphur is made principally fiom copper-pyrites, u double sulphide of 
copper and iron, as a prolimiuarv stage in tho pioeess of ooppcr-smolting Upon a 
layer of broken pyiites is placed a lajor of biiishw'ood, and on tins is constructed a 
huge pyramidal pile of oro, liaving a central wooden cli imney eommiimeating with 
air-passages left among tho brushwood. The whole pile is covered with powJoied 
ore, and the mass set fire to hy dioppmg lighted faggots through the chimney. 
As tho slow combustion of tho pile proceeds, sulphur gradually tiieklos down, and is 
coUectod in cavities made extcmpoic in the walls of tho he.ip, whence it is Lulled out 
■ into moulds Such a heap consisting of some 2,000 tons ot ore, wnll continue burning 
for five or six months, and will yield about 20 tons of rough sulphur, which may bs 
purified by fusion or distillation Copper-pjTites is soinelimcs roasted foi the extrac- 
tion of Bidphui in a Ull-domcd furnace, from the summit of which a horiAmt.ilfiuo 
conveys tho sulphur-vapours into a chamber, wnthin which they arc condensed The 
sulphur obtained from pyrites is partly expelled by heat, partly displaced by oxjgon 

3. Sulphur is also prepared m tins eouutiy fiom the doeoiiiposition, by cxposiiiO' to 
air, of the hydrated stdphulc of iron, resulting from the piiriflcatiou of crude coal-gas 
with forno oxide or hydrate • 

2FeS + H’O + 0» = 2HFo"'0’ + S’. 

The hydrate of iron produced in the a1»ve reaction is again used to purify the enide 
gas, whoioby it becomes converted into sulphide, and this sulphide is then reconverted 
into oxide and sulphur by exposmo to air ns before. These alternate processes nia 
repeated an iiidoftmte number of times, until the amount of sulphur m the material 
leaches from 40 to 50 per cent , when it is distilled off in iron retorts 

4 From Alkah-tDastr — Alkali-nidkers’ waste, or tank-wasto, consists of sulphide of 
calcium, together with alkaline sulphides, chalk, lime, &e. (p 324). This, when 
decomposed by hydrochloric or eaibomc acid, yields a mixtiiie of sulphjdric acid and 
carbonic anhj dride , and by introducing an additional quantity of carbonic anhydride, 
with some ntraospliorie .air or siilphuroiix anhydride, and heating this mixture of gases 
to redness, the hydrogen of the sulphjdric acid unites with oxj'gon, forming water, 
and the .siilplnir is liber.ati d m tho form of iinconibined sulphui'-xaipoiir, which by 
cooling becomes condensed to liquid and solid snlphiir (For details of this and tho 
other methods of pieparmg sulpbiir, see Richardson and Watts’s Ghmured 
Teclmologij, vol i p.irt iii pp 1-27 ) 

5 Sulpluir tesnlts from .i great immbev of other reactions, which, howevor, are not 
usually employed tor its eommerci.il prep.aration Thus it may be obtained by decom- 
posing an alkaline polj'sulphide with an acid, by the decomposition of tho chlorides 
of siUplmr with water, by the spontaneous decomposition ot hyposiilpliuroue acid, by 
the ignition of the tri-, tetia-. and penta-lliionatcs, &c. 

Ftopertics — At oidinary temper.itures sulphur is a very brittle solid, of a lemon-j'ol- 
low colour, tasteless from its insolubility in water, and almost inodorous It is a bad 
conductor of heut, and a non-coiidiictoi ot electricity By friction wuth wool or hair, it 

Von. V. M M 
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tpcoraos -ncguHvelj I'ln'tiii’. Its Rpccific gp.ivity in ths nnlive orjstallinp state is 2 O.'i. 
It bogiiia tomoltat 1U‘.3°, anri at 120° is conveitcd into a pm fcctly limpid, palf- 
yolliiw liquid, ivliicll is liplitor (lian solid Biilpliiir Piondwl the toiiiporatiiro of 120° 
has not lintsi iiiul’Ii pwis’dod, it n'solidilios siiddmlv at. Iliiit «ainn trinpoi'iitiuo into .v 
tJ'ausp.su>iit m.iss, mIupIi lotains its Iriiiispansipy (m .i long tuna Il_i liwitiiig eulphiia 
to a tunipai'uliiro mnali iilion' 120°, its coiii.''eii\iiip-iioiiit is touLi’ad to 1 U o“, from llio 
pioiliiftlon ol II paciiliiir moditinilion of tlu akinaiit tSnIphm ■n'lnali has hcian coii- 
ge.di-d at tins low taiiipcraluru is at first tiMiispim nt, Init, licaomas op.iijuo miieli ninra 
lapidly LIuiii that ivliirli has licon aongoalad at 120°, As malted Mitpluir is gradu.ilty 
heated almva 120°, it liucoincs darker and more viscid, until, at tlio taiiiperaturii 
of 2li(l — 2(10°, It IS so tliicfc that Iho fl.isk iii ivliiab it is contained may bo invartad 
ivithuut any outflow taking pl.aco. Tlio toiiipaiatm-o of iiinximiim viscidity remains 
constant for soma tiino, owing to .a eonsidoiablo absoiption of latent heat. At Iroiii 
•jnO—aOOs niid upwards, the snlplinr again liqiiofirs, but does not becoino so fiuid as 
at 115—120° when first molted On cooling it passes invcrsoiy through the same 
changes of etnto Sulphur boils at d 10°, iiiul is converted entirely into an oranga- 
eolotired vapoiu' According to Bmeau, whose statement has recently been confirmed* 
by Bonlle and Troost, tlio density of Bulphiir-vnpour, when taken at the toniporaturo 
of 1000°, IS 32 limes ns great as that of hydrogen nt the same tempoiatiue , but its 
density taken .at about 600° is nnoroaloiis, being throe times as great ,ss it should ha 
tlieoretically Siilphnt vaporises to .i slight extent at ordinary tempoiatoes , so that 
a picco of bilvor-loat, suspended ,it some distance above a stick of sulphur, becomes 
slowly transiormed mtosiilpliido of silver 

Siilpliiiv is roinarkablo foi tho gieat number of allotropic forms in which it can 
ovist Of these, lioooier, thore aio two piincipal Woll-chamctcrised v.iiiotios, nauielv, 
tho soluhlo and msoluhlo, and m.iiiy minor modifications Bertliolot dislingiiislios tlin 
soluble variety by llio n.smo of oloctro-nogative sulphur, because it is the form 
which appears at tho positive polo of the battery during the electrolysis of sulphydiie 
acid, and is separated from the combmations of sulphur with the elecUo-positivo metals. 
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Tho insoluble variety he distingiimhos ns oloctro-positivo sulphur, because it is 
tho form winch appears at tho negative polo during tho eleetrolysia of snlphurous acid, 
and sopai.'ites from the compounds of Bulphnr with the olectro-negntive elements, 
cliloiiiio, bromine, oxygon, &e. The following nrothe moat important modifications of 

I The nctaludi al variety, frequently represented b\ the symbol Sa, W'bicli is tlie most 
stable, ,111(1 tlio one into wdiich all tlio other varieties, soluhlo or insoluble, tend to 
climige IL is the tbrm in which native sulphur is found, and in which the crystals of 


sulphur, oht.iined by the 8[ioiitaii(;oiis evapomtion of its solution in enrbe 
are usually deposited Its specifle granty is 2 06, and its raelting-poiiil 
ilrodio, 1] t O’" It is readily soliiblo in earhome disulphide, disulphic 
heiucne, tui|icntine, ]ieliolmnn, &c. ; slightly soluble in aleobol ii: 
cr;S stall llio toiin is th.it of an eloiig.ited octahedron, belonging to the tin 
prismatic sjstein U'lq 7K2), witli the modifieiitioiis shown in 7S£ 
a b c^OSIOG.l 18‘J«, Aiigkv P • P(brach) « Uie° 18', 
= 84° j8',F PflMs.!!) = U3°17',f=o Pa> (bnsal) = 124° 24' 
perfect parallel to P and ceP 
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2. Tho moiiochmc or oUtqve prismatic Tawety, often represented by the symbol SB, 
m.'ij 1)0 obtained by tbo slow cooling of molted fculphur, or by heating octahedral 
bufpliiir for bome time to a tompoiuturo of lOo — 115° If, wlion a few pounds of 
iiultod aiilplmr have boon allowed to cool slowly, until a crust has formed on the sur- 
laee, that superficial crust be broken, and the still liquid sulphur bo poured out from 
(lie lutenor, the solidified walls will bo seen to bo lined with transparent yellowisli- 
broM 11 neciUes, crystallised m secondary forms of a monoehnio prism. Axes, a b c 
= 1 004 111 004, Angle 6 • o = 84° 14', ooP • o=P (orthod ) = ^° 28' , [Poo ] ; 
[Pco] (dm.) = 90° 18'; oP ooP = 86° 54'. Ordinary combination ooP oPfliko 
JK/ 284, 11. 162), with — P, [Poo] and ooPm. Twins occur comhined by the face 
odPoo . The specific gravity of prismatic sulphur is I 98. According to Bindie, when 
free from plastic sulphur, the presence of which lowers its melting-point to 1 11'6°, 
It melts and resolidifies at 120°. It dissolves readily in carbonic draulpliide and 
other monatrua In the course of a few days, this prismatic form of sulphur 
becomes spontaneouely converted mto the octahedral variety, the conversion being 
attended with a doveloproont of heat, which is moat evident when the change 
IS effected artificially by scratching the crystals Opaque yellow spots first malco 
Hicir appearance, and thou gradually spread throughout Uio mass. The cmtals 
letiim their prismatic shape, hut on oxaminahon are found to bo convortett into 
iigqregations of minuto octahedrons. Conversely, a transparent crystal of ootahe- 
dial sulphur, when heated to 108 — 116°, becomes transformed into an opaquo mass of 
oblique prismatic crystals. Wlion a saturated solution of sulphur in hot tm-pentine is 
allowed to cool, the crystals first deposited aio of the prismatic, those last deposited 
(when the liquid has become comparatively cool) of the octahedral variety. Occasion- 
ally a few transparent, oblique prismatic cryst-ils are deposited from tbo solution 
of sulphur 111 oariionio disnlphido, but they soon break up into opaquo aggregations 
of minute oetahedrous BoU-snlphur when first cast is of the oblique prismatic, but 
by ktepiiig it changes into the ocbihedral variety. Its molecular condition, however, 
IS unstable, like that of unannealed gl.ass, ■nhenco it retains for a long time tlie 
specific granty of the prismatic modification 

3 Tile a>iwrp/ioU6 soluble variety of sulphur is precipitated, m the form of white 
omulsm, on addition of acids to diluted solutions of alkaline polysulphides . 

+ 2HC1 = 2KC1 + H=S + S'. 

\Vlien examined mierosoopically, it is found to consist of minute granules devoid of 
or) stalliuo ehiiracter. It is readily soluble in carbonic diaulpUido and other men- 
strua 'lUis form of sulphur has a giuenisU-wUite colour, luid la known famihraly by 
the name of “ milk of snlphur ” By keeping, it becomes gnidnally converted into ootii- 
hodriil crystals Sublimed sulphur appears to be allied »o this foi in It consists of much 
larger granules, neither the surface nor the fraeturo of which is er^stallino. Sublimed 
sulphur always contains a minute proportion of one of the in.solnMo modifie.itioa3 of 
the clement. Vapour of sulphur, when suddenly cooled by contact with a cold surface, 
condenses in the form of utricles, or of liqiud drops surrounded by solid pellicles These 
often retain their liquidity for a considerable time, hat, when solidified, seem to have 
the same charactsr us the granules of siihlimod sulphur By keeping they hecomo 
crystaUino in tlic oot.ihedral form 

Tbo principal modifications of insoluble sulphur are the following- — 1. Tho 
amorphous insoluble variety, the moat stable form of which is obtained as a soft magma, 
by decomposing disulphide of chlormo with water 

2S-C1’ + 3H=0 = 4HC1 + ffS'O* -4 S". , 

The hyposulphnrous acid produced m the reaction is gradually decomposed into 
siilphuimis acid and sidphnr, thus H-S’O" = H'SO’ + S. Tho siilphm-, resulting 
in this w.iy from the spontaneous decomposition of hyposulphnrous acid, has the same 
eliaractcrs as those formed by the original decomposition of the disulphide of chlorine 
It may bo obtained at once by adding dilute liyJioebloric acid to the solution of a 
hyposulplnte If, in preparing amorphous soluble sulphur by adding an acid to tho 
solution of an ordinary alkaline polysiilphido contaming some hyposulphite, any 
excess of acid bo added, some of this insoluble variety will also bo precipitated, Tho 
above form of sulphur bus a yoUow colour, is insolnblo in carbonic disulphide or 
otlior nienstnmm, and is quite .iniorplious. Closely iilHed to it are the amorphous 
insolnblo sulplmr obtained by eiJiansting sublimed sulphur with carbonic disulphide 
•ind alcohol, and that obtained by oxhaiisting reconverted plastic sulphur with carbonic 
disulphide Tins lust is ii biiff-colourod powder, shghtly soluble in anhydrous alcohol 
Its specific gi-avity is 1 96 These varieties are convertible into octahedral sulpWby 
fusion, or by exposure, for a greater or less length of time, to the toniperature of 1(10°. 

2 Plastic sulphur, frequently lepresented by tho symbol By, is obtained by boating 
melted bulphiu’ to the temper, lUu-e 260 — 300°, and thou cooling it suddenly by pouring 
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it in a very Uiin stream into cold water It la tlius uhtnnud as a soft, yollowisli. 
brown, sonntransparoiit iimss, Mpable of being dmwn out into fine elubtic tliro.ida 
possessed of considerable toiiueity Tins suljiliiir li.i-, ii speeifii' gravity 1 96, and is 
insoluble in carbuine disulphide When sulphur hiMted to 300'^ is suddenly cooled 
by a niixtiiio of solid eurbonie anhydride and ether, it sulidilies into ii himl poifuetly 
tmuhparent muss, which hoeomos soft, .md ebi.-tie at o, dm, ivy teuipov.itures This 
appears to ho thu solid sUle of plastic siilpluu. Aiiollu i fuuii of pl.istie sulphur ni.iy 
be (ibtomeJ by aetiiig upon metallie sulphides uithhoiliug iiitrie oi iiilioiniiii.itie .icul 
Oidmaiy pl.ishe siilphiii giiidu.illy lotiiriis in the eourso of a fe.i hours to its liiittle 
state, reaeipuies its yidlow colour, and heeouii'S com cried almost oiitiicly into the 
octahedral vainly, tho conversion being m eomji.iiiied by oiolution ot heat If 
plastic sulphur be healed to 100°, tho ebaugo takes pbue buddeiily, and tho tempera- 
ture uses to 110° Aoeoidiug to Brodie, sulphur broins to pass into the plastic state 
at a teinporaturo very little above I°0°, and thu giadmil loss of transparency iii 
cry stallised prismatic sulphur depends upon the haideiiiiig of pbistie sulphur enclosed 
luechiinic.illy between thu cnatals Sulphur which luis been eonterted from the 
plastic into the brittle state docs not dissolve ciitiicly m caibonic disulphide, but, as 
before observed, loaves a bufif-coloured xcsidno of insoluble sulphur, the proportion of 
which may, it is said, bo increased by frequently causing tho s.imo sulphur to assume 
alternately tho idnstio and the brittle statu 

Tho black and red modifications of sulphur, described by Miigtius to result, the 
fuimer fiom cxhunstiiig, with carboiiie disulphide, the luiiss prodiued by the frequi ut 
alternate strong heating and sudden cooling ot biilphur, and the latter from heating 
tho Iilnck modillcatioii to a tcniper.ituro ot 130 — 150°, are considuird by Mitjclirilieh 
to dopoiiil upon tlir pvesenee of gri asy mipiiiitics in the sulphur. Wlieu snliitious of 
stilphydric acid and feme diloiidu arc hum d together, a blue pretipitatu is suniotimcs 
toiiiied, which IB said to bo a peculiar allotiopic torm of sulpbiir 

Biiljihur may bo luiide to combiiio diicetly with tho great maioiity of tho olomeiits 
Hydrogen-gas and sulphur-vapour burn in one another, though not very readily, to 
tuvni Buliihydric acid, H-S. When molted sulphur is treiitod with chloviiiu-aas, disttl- 
phido of chloHiio, Cl-iS-’, is produci'd, and similar reactions take place with hrumino 
uud lodiiio Sulphur is highly inflaiunuiblo, and w'hen lieuted m air or oxygen to a 
tumperaturo of 260°, f tikes flic, and hiuiis with a cleir hhie, toehly lunimous flame, 
being converted into sulphurous ovido, SO* Carbonic disulphide, CS', results 
from passing sulphur-vapour ovci red-hot ch.ucoul Sulphur also mutes directly witli 
phosphorus, arsenic, silicon, and boion Neatly nil the tneiala coiiihiiio diri'ctly with 
sulphur, either at onhnary or increased tompcratiires. Zinc, iron, cu[iprr, lead, silver, 
tin, &e.| burn in sulphiir-vnpoiir with groat brilliancy, the eombusLion, save ot tlie 
zinc ami iron, commencing sponbiiieously, proiided the iiirtal is in a suflicii iitly divided 
state Moreover, mutnros of sulphur, water, and tinely-divulcd inutal— iron or copper, 
for iustanca— begin to react at ordinary tcmpcratims, evolve a considerable amount 
of heat, and yield hydiated protosulphido Sulpliiii, when acted on by strong nitric 
or nitromnriatic ncid, at a gentle heat, is gradually dissolved, with production of sul- 
phuric acid, Caustic alkalis also dissolve sulphur readily, with formation of 

metallic sulphydrato and hyqjosulphitu, thus 

4KH0 t- S‘ = 2KHS + 11*0 + K*S*0*. 


• H*S. 

Bnlpliiu’ 111 its chemical relations is the representative of oxygen, to which it is 
equivalent, atom to atom The two elements, though very diesiiiiilar in flirir oriliniiry 
jiliysieal eliaracters, correspond very closely' til the nature of the compounds which 
they foim, and in tho properties they exhibit when both arc in the g.isi'Oiis at.ite. 
Altlioni'h sulphur rarely, if ever, displaces oxygon by direct elementavy substitution, 
Jet thu tw'o olenieiita lire mutualiy luterehangeaUo by double decomposition of thou- 
respictiro compounds, and iii tho great majority of instances whore oxygen-com- 
pmiiids are obtiiiiiablo by addition of oxygen, analogous sulphur-compmmds are 
nhtaiimhlo by the addition of sulphur Thus, when oyiiiiido of potassium, KCN, is 
ticatcd with peroxides, wo obtain oxyeynimte of potassnini, KCNO , and by- treating it 
with sulphur, or persulphides, we obtain bulphocyauate of potassium, KCNS. Again, 
oxygen-gas and sidpliu’ -i apoiir alike support tho comjiustion of hydrogen, chaicoal, 
phosphorus, and the motaK, to form precisely analogous compounds The following are 
a few illustrations of the minihei and xiiriety of conespondiiig coniponnds to which 
oxygen and sulphur respei 1 1\ i U gii o oiigm 

KHO, ro*, OBI'S), Ci^PO, K’PO*. RbdiS* K*RnO*, &c. 

Kirs, CS*, CBl“ri, Cl 'PS. KB’O'S, KiSnS*. &c 
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An i\tom of sulpluir, being Uio flijiuvnlint of lui atom of oxygen, is nece3«nrily the 
cqiiiralont, of too atoms of hydiogou or chlorino Ihua the chloride and sulphide of 
triotliyl)iliusplnne, Kt’PGl- and Et“PS rcspectnely, made by acting upon tnetliylphos- 
plime, Et'P, by cliloiine and siilplmr losjiectively, are the stiict rupiosentativna of uiia 
aiiutlior, and so in otlior instances. Certain snlphiii-eompoiind.s, moreoTcr, nianifost a 
great rcsemblLUice to those of carbon (Odling’s Muamtl of Chmmtrij ) 

SITIiPHITB, BROnszSBS OP. Sulpliiu’ dissolves in bromino .it orduiiu'y teiii- 
peratiueswitliout pereoptihlo ovolntion of heat, .ind forms a brown-red liquid, contain- 
mg, accoiding to Lowig, the compound. Br-S-’, which is decomposed by distillation, half 
of the sulphur being sepnratod, and the' compound Br‘S distilling over. Neither ot these 
compounds has, however, been obtained in definite form, as they appear to be capable 
of dissolving both sulphur and bromine — the hitter, indeed, m alt proportions The 
biuwu-i-cd solution of siilplnir in hromiiie smells like disulphide of chloiine, and reacts 
in a similur maimer with water, nitric acid, amraoma, &c (Gm. u. 283 ) 

SUIPHXTB, CBI.ORZBES OP, or SBEPHIBBS OP CHXOBINB. Sal- 
pluir and chlorine unite directly even at oidmary temperatures, more quickly, however, 
wlun sulphur is snhlimed ni an atuiospliero of chloiiiie. Only one compomid of (dicso 
eh-menta has been obtained pure in the free st.itc — ^viz the disnlplndo of chlorine, 
CPS-', analogous to disulphide of hydrogou — A piotosulphida of cblormc, Cl'S, 
an.ilogous to sulphydnc ocid, is usually desciibeu as produced by treating tho 
disulphide witli excess of chlonno ; but, according to the recent experiments of Canus, 
it 13 merely a mixture of the disnlphideit ith tho hemisulphido of chlonno, or tetra- 
chloride of sulphur, Cl'S This last-mentioned compound is not known in the free 
state, hut exists, according to H Kose, in combination with several mctnlho 
chloiides, 

Bisulphide of Chlorine, Cl-S'' Fiuiooldondv of Sulphnr. Salb-Chlorachwefel. 
(hlonJituifel tm Hhnimum — This compomid was (list dcseribedia 1804hyThoin8Oii 
(Nicholson’s Joiu-nal, Ti UB), and hy Borthelot (Mf-in d’Aicueil, i 161)— the niu- 
tu.il actum of chlorine and sulphur having been pioviously noticed by Hagemann,'in 
1781— and has been more pailicularly txamined by H Hose (Pogg. Ann xxi 431 , 
XXIV 303, xxvii 107, xlii r>17, .542), Dumas (Ann Ch Phys xlix. 204), 
Harchaud(J pr Chom xxii. 507), Hoiiitz (Ann Ch Pharm e. 370), and Canus 
{ihnl cvi. 291 , cx 200). 

Disulphide of ohlorine is prepared by pussnig dry chlorine-gas into a retort lu which 
siilplmr is sublimed .at a gentle bent It then distils over, and may be eollootod in a 
rcci iver sniTuniiileii by cold w.iter, and freed Irom excess of sulphur by rectification. 
—It 13 also produced by distilling a mixture of 1 pt sulphur with 9 pts ataumo 
chloride, or S 0 pts mei curie chloride. (^Borzolnis) 

D&ulphido of chloruio is n mobile reddish-yellow hqnu), having a peculiar, pcnetiu- 
tiiig, disagreeable odour, and fuming strongly in the air Speciflo gravity = 1 687 
Boils at 139° (Marchand), at 136"' (ChcTi'ier, Conipt rend. Ixiv. 801). Tapour- 
dcnsity, oliB = 4 77 (Marcliand), cale =4 68 

It dissolves 111 cai'boiiic disulphide, alcohol, and ether, not however without docom- 
pusition ill the two latter It dissolves sulphur m largo quantities, especially when 
lio.ited ■When saturated with sulpluu- at ordinary temporatiiros, it forms a clear 
yellow liquid of speaflo gravity 1 7, and containing altogether 60‘7 per cent sulphur 
The solution of disulphide of chlorine with excess of sulphiir in crude benzol, is used 
for vulo.inisiiig or sulplitinsmg caoutchouc 

S/'ai iians . — 1 With chlorine, hronnuo, and iodine — 'When oUorine gas is 
p.asscd for several days in the dark through disulphide of chlorine, a dark brown-red 
liquid is I’onned, ftoni which (according to Davy, Dumas, and llnrehand) a certain 
quantity of chlorine may be expelled by gentle ohulhtion, leaving the protosulphido of 
chlorine, CDS, wdiich hmls constantly at 64“ Acconling to Canus, on the other 
hand, tho boiling-point coutimially rises during the distillation, and does not become 
constant till it has ri.sen to 138°, at whah tempeiatnio disulphide of chlorine passes 
OTOi The brow 11-1 cd liquid is also converted into tlic reddish-yellow disulphide by- 
passing a stream of dry air thioiigh it At a certain stage of the distillation, a dark 
brown-red liquid passes over, containing sulphur and chlorine in the proportion re- 
quired by the foimula Cl-’.S, but it .icts with metals and other bodies like a mixture 
of tho compounds Cl'S- and SCI* Honec C.irius coiidtides that the so-called proto- 
sulphide of clilorine (or dichloride of sulphiir) is not a definite compound, but a mix- 
ture, in atomic proportions, oi tho two eompomids just mentioned G1-’.S^ + SGI* = 
3C1'S Carins’has further shown th.it, hy passing dry chlorine tlirough tho disulphide 
of chloiine at various temper.itiivus, 1 quids are produced, eontaming various pro- 
portions of sulphur and chlorine, both above and below those required by the foimula 
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SCP, bat not in any case exhibiting a constant hoilingpoint The resiiilts are riven 
in the fotlowing table, together with the calculated percentages for the fonnulse, S^CP, 
SCP, and SCI*: 


Saturated at 


+ 20° 

+ 0° to 


S'Cl'* 47 48 per cant. S , 52-62 per cent. CL 
32 35 „ 67 80 „ 

+ 6 4° 31 47 „ 6018 

SC1“ 31 13 „ 68 87 „ 

+ 1° 30 00 „ . . „ 

-2 5° 20 01 

-8° 27 98 „ 7167 

SCI* 18-39 „ 8161 „ 


According to Chovri or also (Compt rend. Ixiv 302), the liquids obtained by satu- 
rating disulphide of chlorine with chlorine, at various temperatures, do not exhibit any 
constant boiling-point — Imlme and honune likewise disiolva easily in the disulphido”, 
but mtliout forming any definite compounds, the resulting liquids beginning to boil at 
tempeiatures below 136° (the boihng-point of the disulphide of clilorine), but quickly 
attaining that tcmpoi-atiiro on distillation. 

2. With phoaphoius. — When 2 at phosphorus are gradually added to 3 at di- 
sulphide of olilorino, chlorosulphide of phosphorus is formed, and 4 at. sulphur sepa- 

3C1°S'‘ + P« = 2PS0P + S*. 

(Ohovrior, Conipt rend. Ixiii. 1003) If an excess of phosphorus is used, triclilondo 
of phosphorus is also formed, together with a sulphide of phosphorus, as previously 
shown by Wohler (Ann. Cli. Pliys [3], sliv. 66 ) 

3. With metals— Bisiilplndo of chlorine poured upon coaisely pulverised ois-nic 
or miimont/, becomes strongly he.itcd and distils over; but by pouring the liquid hack, 
and warming it, the sulphide of chlorine may be completely decomposed, trichlondo of 
arsraio or outimony distilling over, and sulphide of arsenic or antimony remaining 
(Wohler, Ann Ch Phurm Ixxiii 114). If the materials are mixed in tlie proportion 
of 2 at arsenic or antimony to 3 at disulphide of chlorme, the whole of the metal is 
converted into chloride, and the whole of the sulphur is set free, crystallising paitly in 
opaque needles, partly in shining octahedrons 

Sb= + 3CPS* = 2SbCl» + S» 

(Chevrier, Compt rend Ixiv. 302; Baiidrimont, ibtd. 308). The mlphiies of 
arsenic and antmony are acted on by disulphide of chlorine almost as enorgeticuliv o'-, 
the metals themselves, yielding similar products (W ohlor, Buudrmont) . 

Sh=8» + 8CPS' = 2SbCP + S'. ^ 

Tm-fiUnga act with great violence on disulphide of chlorine (Wohler), stannic 
chloride distilling over, and sulphur remaining (Baudrimont), stamw siilphilo 
.lets hut sloivly, and onl;y when heated. — Alumimmn-Joit gently heated with tlie disul- 
phido, doeomposos it rapidly, .a hrown-red liquid distilling over and depositing white 
crystals, probably a compound of disulphide of chlorine -with chlonde of aluminium 
— ilfc) CKj-y lu-ntcd with disuliihide of chlonue attacks it slowly, sulphur being depo- 
sited, and niorcurons or mercuric chlonde produced, according to the proportion of 
mercury present — Sulphide of niereuTji acts in a similar manner, hut less strongly — 
Iron reduced by hydrogen slowly decomposes disulphido of chlorine at the boiling heat 
of the latter, and is converted into ferric eldoride. — Zmo, under similar cireiimstancea, 
acts but very slowly , — Magnmum and sodium do not exoct tho shghtest action on 
disulphide of dilorino, even after prolonged boiling In general metals and metallic 
sulphides iii’u attacked by disulphide of chlorine, with greater facility in proportion as 
then- eliloi-idcs are more volatile (Baudrimont ) 

4 With water — Bisulphide of chlorine dropped into water, sinks in tho form ol 
oily chops, .-uid is slowly decomposed into hydroelilorie acid, sulphur, and hyposul- 
phurous acid, which List is gradually resolved into sulpluvrous acid and free sul- 

2C1»S'' + 3IPO = 4HC1 + S' + H'S'O', 

orH’SO' + S. 


6. With alcohols — Ethylic alcohol acts upon disiilpliide of ohlorino at ordiimry 
tomnoratures, with formation of liydrochloi-ie acid, sulphurous acid, ethylio chloi-ide, 
sulpluuous chloride (chloride of tliionyl), ethjlic sulphite, gouerally also small quanti- 
ties of meicaptaii, otliyisulphurous acid, and free sulphur . 

8=01' + CTBO = SOCP + C'H'S. 
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aud further 

3SOGl» + 4C“H»S =. 4HC1 + 2C!>H“C1 + (C»H‘)=SO'' + S". 

SOCl’ + 2C=H“0 = HCl + C'H‘C1 + (C=H‘)HSO>. 

With metlii/hc and amyltc alcokils, the disulpliide exluhits precisely similai' reactions 
(Ctu-ins) 

6 "With acids aud salts — Sensoate of sodium is decomposed liy disulphide of 
chluv'ino, yielding sulphide and chloride of benzene, sulphide and ehloiide of Boduuii, 
sulphurous chloride, sulphurous anhydride, aud free sulphur thus, — 

2S=Cy + 2(C’H»0Na,0) = (C’H'>0)*S + Na=S + 2S00P 
= 2^G»H»0)G1 + 2NaCl + SO“ + 

With dry benzoic amd the reaction is similar, hut takes place chiefly in the manner 
shown hy the second equation. — Acetates and other salts of monobasic acids yield 
similar products Part of the metallic sulphide produced also reacts with the bul- 
phurous chloride, forming chloride and sulphate, with separation of sulphur, thus, — 
6Na*S + 4S0C1" = SNaCl + Na'SO’ + S». 

Sutphaies heated with disulphide of chlorine yield metallic chloride, sulphuric 
chloride, sulphurous anhydride, and free sulphur (Carius) e.g. — 

2S=CP + =1 2NaCl + SO=CP + SO» + S». 

7. With sulphuri 0 anhydride — ^When vapour of sulphuric anhydride is passed 
into disulphide of chlorine oont.nned in a vessel suiTounded hy a Ireczing mixture, .i 
liquid compound is formed, consisting of S'0'‘GP = S^CI^'flSO* It is, however, very 
iiustiihle, and decomposes as soou ns it is removed from the freezing mixture, gmug off 
sulphiu'OiiB anhydride, and le.ivmg the compound S-'O’GP ( = S’0'’GP — 6S0^) 

Tins last compound, which may ho regaracd as SO''.SO*OP (or, according to Borzo- 
huB, iis SG1“ 5SO®), is also produced by distillmg clisulpihido of chlorine witli Nordhaii- 
sen sulphui'ic acid Wion puiifiod hy rectificntiou, it forms an oily ooloiirloss liquid, 
of spaciflc gravity 1 818 at 1(1°, boiling at 14S°, and distilling without docouipositiuu 
With water it yields hydrochloric and sulphuric acids 

i, SWP + 3ffO = 2HC1 + 2H'SOh 

With dry ammoni.'i-gas it yields noutr.il snlpliamato of ammonium. (H Rose, Pogg. 
Atm. xliv 291, xlvi 167; lii 69) 

8 With ammonia — Vapour of disulphide of chlorino unites with aminoni.a-giis, 
forming the compound INH* S’Cl-, which may be exposed to the air for a long time 
without suffering decomposition It dissolves m absolute alcohol, but is decomposed 
by water, with precipitation of sulphur, and formation of chloride and hyposulphite 
of ammonium (Martens, J. Cliim mid xin 430.) 

9. With hydrocarbons. — Disulphide of chlormo unites diioctly with ethghne and 
amglene, forming the compounds C''H*.GPS- and C^H^.CPS'. (Guthrie, i. 209, 
11. S83 ) 

frotosulpbide of Cblorlne, or Protoctalorlde of Sulphur, Cl-’S. — Tlli^ 
compound, as already observed (p. fi33), does not appear to exist in tlio froo slate, hut 
according to H Bose (Pogg Ann xen 536), it foiins, with trichlevido of arBOnie, the 
compuuud 2AsCP.CPS, which is a brown liquid, obtiincd by the action of dry chlorino 
on ti'iBulplude of arsenic; and, according to Guthrie, it forms, with ethylene and 
amylone, the compounds CPS and C*!!'” Cl-S. 

Tetrachloride of Sulphur, SCI', — This compound is not known m the sepa- 
rate state, but forms definite compounds with several mc( allie chlorides. The brow n 
chloride of sulphur, formed by saturating disulphide of chlorino with chlorino, is, 
accordiug to Carius, a mixture of S-'CP and SGI' lu various proportions, according lo 
the temperature nt which the satiirnlion is effected, and exhibits, witli alcohols, auids, 
and salts, the reactions of the tetrachloride; thus with ethghe alcohol • 

SOP + C''H“0 = ItCl + SOCP + C’‘II“C1; 
and SOCP + C“H»0 = HCl + SO" + CffOl, 

and similarly with melhglio and amglve alcohols — The reactions of the toti'achloriclo 
with sodw letisoate and benzoic acid are represented, according to Carius, by tho 
equations . 

SOP + O'H’ONn.O =. C'H’O Cl + NaOl + SOCP. and 

SCP + 2(C'H’OH.O) = 2(C'H*O.Cl) + 2nCl + SO". 
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In tlia fti’bt o-tbp, howwi‘1, the ocnni'TOnce of tha sulphurous chloride, SOCi% is, for the 
most part, iniiskcd by the formatiou of sucondury products, as of sulphurous anhydride — 
thus 

SOCl= + C’n‘ONii.O = NaCl + C’ffOCl + SO' 

Acetate of uxluim is doeomposed by tetrachloride of sulphur in the same mauuor as 
the bcnso,ite, hut the elilondc of ucctyl produced acts on another portiou of the sodio 
benzoiite, foiinmg iiootio anhydride 

The compounds of tcUacldondo of sulphur with metallic cliloridus are obtained, for 
the moat p.u't, by piisMiig ehloriiie-gas OTcr tho roapectiro sulphides — The aliinamum' 
cmiipoi'iui', aAICFtiOl', IS produced by gently heating chloride of ulumuuuiu with 
disulphide of chloruie, and p.i3siiig chloruie over the resulting Aark-red mass at 
a somo\ihat higher tonipovuture A yellow oily liquid is thus obUined, which iilti- 
mutely aohdilies to .i ciystalline mass It is decomposed bj wator, w ith great evolution 
of heat, yioUluig true sulphur, alumina, hj drochlono, eniphunc, and hyposulphurous 
amds (K IVcber, Pogg Ami civ. 1213. — The antiniony-compotind, 2SbCr'.3S01*, 
obtained by heating groy sulphide ol antimony in a stream of chlorine, is a white 
amorphous poivdor, which melts when heated, and is resolved mto disulphide of 
chlorine, Iroe chlorine, and trichlorido of antimony It is oxidised and dissolved by 
nitric acid, iind absorhs .imnionna in •.oineivliat considerable quantity (H. Eos c, Pogg. 
Ann. xlii 632). — The tm-compaimd, SuUl' 2SC'1\ produced by the action of chlorine on 
stannic eulphnlo, tbims fine largo cristab, which fiinin strongly m the air , maybe 
fused and sublimed without dceonipositiou , are gradually dissolved by niti-ie acid, with 
formation of stannic oxide .iml sulphuric acid, form with water an acid liquid, 
milky trom separated enlpliiir. .ind absorb animoin.i-gas, with oonsiderablo evolution 
of liiiat, formiiiga yelloiv-browu mass whicli is decomposod by water (H Eoso, Pogg 
Ann. xlii 617) — A tUmnum-compomrl ot uuecrtain composition, but apparently 
cmit.iimiig less than 2 .it .SCI* to I at TiCl*, is pioduced by mixing titanic ohlorido 
witli brown cbloiido of siilplinr, or by p.issiiig chloriiic-gus over titanic sulphide The 
first process yields it in largo yellow ciystals, tlio second only as a crystalline mass 
It deliqueseos rapidly in conbict with tho air, molts when heated, solidifies in the 
ciystallino state on cooling, and sublimes without decomposition (H. Eoso, ziiA 
p 527 ) 

SOTiSHtm, CYAWIDH OT. See SutTOOCTANW AHltrDEiDB (p. 615). 

SVI.I>BTrn, SETSCTZOSr AKTS BSTIIWATXON or, l. Reactions,— 
The most impel tiint ooniponnds in which snlplmr occurs lu-c the metaUio sulphides, 
sulphiitps, sulphites and hyposulphites, and cort.iiii orgame compounds 

Most motiillic sulphides are insoluble iii water, those ot the alkali-metals and 
alk.iline enTth-metals, liowoicr, dissolve in w.itir — ^the former iindccomposed, the latter 
witli partial decomposition (p. 483) Tho solutions give with lead-salts, &o , the 
roiicttoiis of Bulphvdrie acid (i 217 , in. 20t) Sulphides heated on charcoal in the 
oxidising blowpipe-llume gii e off all thou sulphur as sulpliwous anhydride, winch may 
bo detected liy its odour , or if tho sulphide he hc.ilcd in an inclined glass tube open at 
both ends, so Ihiit a current of air may pass over it, sulphinous anhydride will also be 
foimed, and ni.iy bo dibctcd by its odour, .acid reaction, &e (p. 640). On fusing a 
sulphide on clnuvoal wnh sodic carboniito or a mixture of that salt and borax, placing 
the piece of charcoal coiit.iimng the fused muss on a plate of polished silver, and 
moistening it, a black or brown stain of sulpbide will be formed on the metal, 
hlet.ilhc Bulpbides, acted upon by strong mtiio or nitromuviatic acid, are rapidly 
oxidised, forming nietaUic oxide or chloride, sulphuric acid, and usually some free 
sulpluiv, which melts into globules Very difficult to oxidise. 

Meta llic sulphates , ire, tor the most pint, easily soluble in water; the sulphates 
of stroiitinni, calcinm, lcad,.iud merciirosum .vre but slightly soluble, aud the barium- 
suit IS iilmoA insoluble in water, and likewise in hydrochloric and nitric acid Ei 
soluble Milpli.ites, theiefuvo, sulphuric acid is easily detected by addition of chlondo 
or nitr.itc ot biivmin, winch forms a pieeipitate insoluble in acids In iiiaolublo or 
spaiiiigly -oliihlc sulphatos, the siilphurm acid is detected by boiling the salt with a 
eouceiilvatcd solution of an alkaline carbonate, whereby an alkaline sulphate is formed, 
which dissolve'- m the water Sulph.itcs heated before the blowpipe on charcoal with 
sodic cavhoiiato, yueld eulphido of soiliiim, in which tho sulphur may be detected in the 
ni.Liiuor above mentioned (See tinucBATns). 

The sulphites of tlio alkitli-m etals are soluble in water; tile rest are insoluble 
nr spaiingly soluble, but dissoEo in cxces-, of sulphurous acid. Sulphites are easily 
detected by the char.ietecistic odour of sulphurous anhydride, which they evolve when 
treated with hydruchloric or, belter, with dilute sulphiirie acid. Hyposulphites 
treated in tho same way also give off enlphuious anhydride, but are diatinguishcd from 
sulpliitos by lAcwise j lolduig a deposit ot sulphur, (idee SDifuuE, Oxygi.h-aciiis of.) 
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According to W. ]?. Barrett (Plii! Mag [4] xxx 321), sulphur in the free state, 
and in certain states of comhiuation, maj bo detocti-d m sobds, and in some luimds,by 
directing a flame of niire hydrogen upon a point of the surface, Trliereupon, if sulphur 
is present, even in very minute quantity, a deep bliio himiiioiis ring -will be formed 
round the heated point. This effect is produced with free eulphiiv, with aU metallic 
sulphides, with sulphuric acid, and certain sulphates, especially alum (probably in 
consequence of reduction), but not with sulphate of sodium and certain otliois. By this 
method sulphur has been detected m atmospheric dust 

2 Quantitative Esttmation and iScpni afiora — Sulplmris almostalwaysosti- 
mated in the form of anlphnrio acid To determmo the quantity of sulphur inamatallic 
sulphide, the compound is heated with nifrio or niti omuriativ acid, or Bometimos wutli 
a mixture of hydrocldoric aeid and potassic chlorate, till the metal is oxidised, and tho 
sulphur converted into sulphuric acid Tho solution is then treated with chloride or 
nitrate of barium, and the precipitated sulphate of barium is collected on a filter, washed, 
dried, and ignited Before adding the barjta-solntion, however, the liquid must be con- 
siderably diluted with water, because the nitrate and chloride of barium are themselves 
insoluble in strong nitric and hydrocliloric acids The liquid is then boiled, and after- 
wards loft to stand till the precipitate has completely settled down , after which the 
clear liquid is fii'st passed tlirough the filter, and then the precipitate thrown upon it , 
if the precipitate he potu’ed upon the filter before it has settled down, it will be sure 
to rim through. As the oxidation of the sulphur is very slow, tho metal being com- 
pletely oxidised and dissolved long before it, and a portion of the snlphiir separated lu 
tho free state, it is sometimes convenient to collect tins portion on a small weighed 
filter, determine its amount by direct weighing, and afterwards estimate the dissolved 
portion as above. The nitric or nitromuriatie acid used for the oxidation should be 
strong, and the action aided by beat ; otherwise, especially in treating tbe sulpbide ot 
manganese, die lower sulpludob of iron, and the sulphides of the alkali-metals, 
part of tlie sulpliur may be driven off as sulpbydne acid, and thereby lost For the 
same reason, on oxidising with chlorate of potassium and hydrochloric acid, tbe acid 
must not be poured at once on to tho puliensed sulphide, but giudually added to tho 
mixture of tho sulphide with tho chlorate of potiibsniin In apply iiigtlusso methods of 
oxidation to the sulphides of the alkoli-motals and alkaline carth-raeUls, part of the 
sulphur IS sure to escape as sulphydrie aeid, uiiloss very particular preo.iutions aretakon, 
Tho only sure metliod of guarding against this soiuco of error is to place tho sulphide 
ill a small test-tube onolosed in a capacious flask, pour fuming nitric acid upon it, and 
iniinadiatoly close the vessel with a tigUt-fitting stopper 

Another general metSiod of analysing metallic snlphidos is, to fuse them with 3 pts 
of potassic or sodio nitrate, nnd about the same weight of todw carbonate, whereby the 
sulphur IS converted into sulphuric acid, which unites with tho alkali, mid the mtt.ils 
are converted into oxides The fused mass is digested with water , tho filtered solu- 
tion neutralised with nitnc .aeid ; the sulpliur precipitoted therefrom as sulphate of 
barium , and the residual oxides dissolved in hydrooHono or nitric acid 

By the methods just described, the metals are obtained in solution as nitrates or 
chlorides, and may lie separated and estimated by the methods pro|ior for each. Cer- 
tain special eases may here he noticed Native sulphide of li ud (galena), if not 
mixed with other sulphides, is best analysed by treating the finely piilicrised iiia.ss 
with fuming nitric acid, whereby tho lead-snlpludc is completely oonveited luto sul- 
phate, and weighing the latter. If, however, other snlplndcs are prosmit, it is best to 
fuse the mineral with saltpotie The use of hydrochloric aeid and elilorato of potas- 
sium IS not advisable, because chloride of lead would bo formed as well as sulphate. 
— Sulphide of bismuth must be oxidised with pure nitiic acid, because the pcesonco 
of hydrochloi’ic acid interferes mth the quantitatii o estimation of luHniuth — S u 1 ji lu d o 
of silver must also bo oxidised with pine iiitiae acid, and the silver liist piteipitiiled 
from the solution as ohlondo, thou the sulphur fioiii the filtrate as sulpliiito of 

The analysis of fahl-ores, which contain siilpliido of iirsenie or antimony, or both, 
in combination with one or more of the sulphides of oopper, silver, mcrciiiy, iron, aiel 
zinc, is goneiaUy effected by tho following method, Tho finely powdered niinorid is 
liitrodnced into a doublo bnlh-tiiho, one end of which is bent at a right-angle, care being 
t.iken that all the mineral is contuined in the hnlh wliieh is farthest from tho bent end 
The straight end of the tuba is then connoeted with an apparatus for the evolution of 
perfectly dry chlorine , and tho bent end is introduced air-tight into a receiver— which 
may be a large U-tube — containing a mixture ot dilute hydrochloric and tartiiriciicids , 
a bent tube is connected with the other end of the U-tuho, by which the excess of 
chlorine is conducted into methylated spirit The liulh-tuho should not be attached to 
tho chlorine apparatus, till all the at, mospheric air has hupn driven out of the l.ittir 
A very slow stieam of chlorine is then passed Ihi'ough tho tube, which dccompo.spB the 
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faU-ore, eonsidomUo evolution of heat, and ■when the bulb eontaming thpminom.1 
has cooled, it is gently heated in oi-derto separate the volatile chlorides, which 
must be driven boyoiid the space between the two bulbs Those elements which aio 
volatilised ah ehlomles are suljihiir, arsvmc, anfmiom/, meiciB-i/, p,irt of the 
(and, if too strong a heat has. been applied, some of the amc) those which renmni 
in tlin hiilh as noii-l olalilo chlorides, are ciipjicr, sihtr, ::inc, and tliu greater part of 

For (ho iiniilysis of the volatil o chlorides, tlio hnlb-tube is divided between the 
two bulbs, and the portion containing tlio sublimate is covered with a wide tube, closed 
at one eml, and iiioistoiied on the inside with water in which position it is loft fur 21 
lioiirs The siibliiiiate thus absorbs water gradnnlly, and may then bo dissolved nut 
by watei, without the evolution of heat and prohablo loss which would ousuo if this 
preeiiutiou ivero neglected The tube being thoroiigldy rinsed out, the solution is 
added to the hqiud m the receiver, any sulphur that separates is filtered 00 , and any 
antimony th.it separates is dissolved by ho.it. Tho acid solution is tlien s.itnvated w ith 
sulphulrie .icid, tho washed precipitate digested with snlplndo of ammonium, and tho 
nndissolved sulphide of morciiry collected on a flltor, dried at 100“, and weiglied 
tEg''S Hg = 29 . 2o). The sulphides of antimony and arsenic are precipitated 

from the sulphide of ammoiiiiini solution by dilute sulphuric acid, and tho metals sepa- 
lated in tlie manner dascrihed under Aiwenio (i 368). The filtrate (oontainmg tar- 
t.irie acid) is neutralised with iimniomn; snlphidoof ammonium added, the procipitiitsd 
sulphide of iron filtered off, w.ishcd with water containing sulphydrio acid, and dis- 
solved in hydrochloric acid, the solution heated with nitric acid, and the iron pre- 

Tho bulb containing the non-volatilo chlondos is digested with dilute hydro- 
ehlorio acid, till only cliloude of silior remains nndissolied, this is weighed as 
described .at p. 298 From the solution tho coppor is precipitated by sulphydno 
acid , and the iron and zinc are separated as described under luojf (ui. 386) 

Tho sulphur is host estimated, m a separate portion of the oio, by fusion with 
3 pts chloiMto of potassium and 3 pt" carbonate of sodium. 

This mode of analysis is applicable to bournomte (sulphides of antimony, load, and 
copper), rod silror-ore fsiiljihides of antimony or arsenic and silver), and other 
minerals resembling fald-ores in composition Vnieu lead is present, tho ohlorirtos 
must bo distilled at a very gentle heat, so th.it the lead may remaiii with tho non- 
volatile chloiides, and when these chlorides are treated with dilute hydroclilorio acid, 
a large quantity of w.ator must ho added, to insure tho complete solution of tlie 
plumbic ehlonde. (Oonington’s Handbook of Chemical Analysis, 218.) 

Tho sulphides of thealkali-motals andalkalino earth-metals aro somotuuis 
analysed by decomposing them witli hydroclilorio acid, receiving the evolved sulpliydric 
acid in a solution of acetate of lead, oxidising tho precipitated sulphide of load with 
fuming nitric acid, weighing the sulphate of lead thus produced, and thouoe eslouhit- 
ing the quantity of sulphur. In the sulphides of gold and platinum, from winch tlia 
sulphur lb cunipletoly expoUed by iguition, its amount may be determined by weighing 
tho residual metal 

From alt non-metalUc elements, except solonium and tolluniim, sulphur may bo 
beparnti'il in the same way as from the metals, nz , by oxidation to sulphuric acid, aiirl 
precipit.ition as barium-sulplmto The methods of separating it fi'om selenium and 
t e 1 1 u r i 11 m aro given under SEuamm (p 225) 

Tho sulphur in organic compounds ni.iy likewise bo estimated by oxidising tho 
coinpouml with fumingnitvie acid, and precipitating the resulting sulphuric aeid with a 
bam M-sohition (i 247) Another method, giieii by W J Russell (Chem. Sou Qu J 
VII 212), IS to hui’u the substance in a coiiihustion-tuhe with oxide of mercury, car- 
bon lie of sodiiiiii being added to take up the snlphiirio noid produced, and a small bent 
tube dippiiiguiidor water fitted into the open end of the conibuation-tubo, so tlut any 
land i.ipuurs. that esenpe may be eoiidenaed in the water At the end of the combiis- 
tioB, tills liquid is acidiihited with hydroehlone acid, tho tube washed out with the 
acui solution, the liquid filtered, and the sulphuric acid precipitated by chloride of 


Theqimulity of sulphuric acid in a soluble sulphateis estimated by precipitating 
tlie .aqueous solution with ehlonde of barium Some bulpbates which are insoluble in 
water may bo dissolved in hydroeWorie or nitric acid, and tho baryta-solution then 
adiled. rho sulphates of calcium, strontium, and lead may be decomposed by boiling 
ivitli a solution of soclic carbonate, and the sulphuric acid precipilated by chloride of 
b.irium from the filtered solution previously acidulated with nitric or hvdroehlovie 
acid. Sulphate of b.irmm may he imalysed 1^ fusing it in a platinum criicihle with 
throe limes its weight of sodic caiiiomitc, tho fused mass digested in water, the fil- 
tered soda-solutiou acidulated , and tlio sulpliune acid precipitated ab aboTO. 
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Sulphurous and hyposulphuroua acid may ho estimatod hy oxidation irith 
nitric acid, whereby they are converted into sulphuric acid ; or hy Bunsen’s lodometiio 
method (i. 265). 

3. Atomic Weight of Sulphur — Berzelius m 1318 {Zehrhuch, v. 1187), 
deternnned tlie atomic weight of sulphur from the quantity of plumbic sulphate 
(Pb'’SO*) produced by treating a Imowu weight of pure lead with nitric and sulphiuie 
acids. 100 pta of lead yielded from 146 380 to 116 458, or on the average, 146 419 
PbSO’ . whence (for Pb ■= 207) S = 32 18 Subsequently (1845), Berzelius ob- 
tained nearly the same result by determining the quantity of silver-sulphide produced 
by decomposing a known weight of the chloride with ary sulphydric acid gas. In 
four experiments he found (for Ag = 108 and Cl = 35 46), S = 82’ 1. The 
same number was found hy Sv an berg and Struve (J pr Chem. xliv.) from a Binglc 
experiment made in the eiime meniier Erdmann and Marohand m 1844 (J. pr. 
Chem XXXI. 396), by heating pure einnahariii hydrogen gas, obtainedfrom 100 pts of the 
sulphide, in four experiments, 80 206 to 86 222 pts., mean 88'211 pts of mercury, 
hence (for Hg ■= 200), S = 32 005 Struve m 1862 (Ann. Oh. Phttrm. kxx. 
203) by reducing argentic sulphate with hydrogen, obtained, as a mean of six experi- 
ments, S = 32 Dumas in 1869 (Ann Oh Pharra. oxiii 20), by converting a 
knoTO weight of silver into sulphide, Ag'S, obtained S ■= 32 01, and lastly, Stas 
in 1860 (haherohes sur Us lapporis rieiprogues des potds atomignes) by heating 
silver in a stream of pure sulphur-vapour or pure sulphydric aeid gas, obtained as a 
mean of five experiments, from 100 pts. silver, 114’8622 argentic sulphide: whence 
S = 82 07 

All these results oorae so near to the whole numher 32, that this number may bo 
used in oalculation without sensible error. 

SVZiPHim, PXiiroRlDB OP. According to Davy and Dumas, a oompoimd of 
fluorine and sulphur is obtained by diatilliiig fluoride of lead or fluoride of mercui’y with 
sulphur. 

STrXiPBTTB, lOSISBS OF. Iodine and aidphor combine when heated togotlier 
even under water. The resulting compound, I-S’, is a blackish-grcy radio-erystalhno 

mass, resembling native sulphide of antimony. Itdeooir' ' ''■ * ■■ 

gives off iodine on exposure to the air, and is insoluble 

iodine with 1 at sulphur, a compound is obtained winch . ! ' 

to he a powerful remedy m stan diseases — X ciiinabar-rod iodide of sulphui is ob- 
tained, according to Grosourdi, hy precipitiitiug ti’ichlonde of iodine with sulpliydno 

SUXiPHUn, OXISBS AKTP OXTCtBIflr-ACXDS OP. Sulphur forms two 
oxides, viz sulphurous oxide or anhydride. SO'*, and sulphurio oxide ur 
anhydride, SO*. Sulphurous oxide is produced by the combustion of sulphur in air 
or oxygen-gus . and sulphiu'io oxide may be formed by passing a mixture ot dry .sul- 
phurous oxide and oxygen or air over heated spongy platinum ^oh of these oxides 
unites with 1 at. water, forming respectively sulphurous acid, H-’OSO* = H-'SO*, 
and sulphuric aoia,H*OSO> = H*SOh 

These two acids may bs rogiirdod as oxides of sulphydric acid, H-’S A complete 
series of oxidised compounds of sulphydric acid would comprise the following members, 
corrospoudmg to the oxides of hydrocnlorio acid (i 907) 

Sulphydric acid, H*3. Hydrochloric acid, IICl. 

H*SO. Hypochlorous acid, IIOIO. 

HBO*. Chlorous acid, HOIO*. 

Sulphurous acid, H*SO*. Oldoric acid, HCIO*. 

Sulphuric acid, H*SO'' Peichlorio ueid, HC10‘. 

The first and second members of the sulphur senes of oxygon-compounds aro at pro- 
sent unknown, but we aro acquainted -with their chloro-derivatives, sulphurous 
chloride, or chloride of thionyl, CTSO, and sulphuric chloride, or 
chloride of sulphuryl, CDSO* 

The chlorine acids are monobasic, or contain but one atom of roplaceablo hydrogen , 
but the sulphur-acids aro dibasic, or conUin two atoms of hydrogen replaceable by 
metals , both sulphurous and sulphuric adds aro accordingly enpahlo of forming neutral, 
and, and double salts. 

Sulphurous and sulphuric acids can he formed from the anhydndos by direct hydra- 
tion, and the anhydrides from the aeids by direct dehydration. 

Sulphurous and sulphuric acids can both bo obtained by the dmect oxidation of 
sulphydric acid , and conversely, metallic BulpliidoB can bo formed by the deoxidation 
of sulphites and sulpiliatea.. (Sulphurous acid, moreover, very readily iiffords Bulphydiuc 
acid by deoxidation 
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Snlpluwovis and sulphuric acids are convertible into one another by oxidation and 
deoxidation respectively 

Sulphurous and sulphuric chlorides, SOCl’ .and SO'^OP, yield sulphurous mid sul- 
phuric acids respectively hy treatment nith ir.ator [replacement of Cl- by (HO)'“], and 
may bo reproduced from those acids by tbo action of pcntaclilorido of phosphorus They 
may also be prodneed fioin the chlorides of sulphur (p 534) 

Alliwl to the sulphates there IB a group ot salts c.illi'd thiosulphates or more 
freiiuuntly liyposulphites. Their oompositioii is tliat of sulphates (M-SO'), in 
ivliieh 1 lit oxygen is replaced by siilphiii, their goner.d formula being M*S-0^ When a 
sulphite, siieli os Na’SO’, is acted upon by oxygon or a piroxjdised substance, it 
becuiiHs an oxysulplmtii, Na'Se ; when acted upon by bulpluir or a pei-siilphuretted 
aiilistance.it heconios a thuiaulpluitc, Na->S-0“. 

Thcic IS also a remarkable series of acids called polythionic acids eoutaimng 
SIX .itums ot oxygen and two or more atoms ot sulphur, nz. 


H-S-’O" Dithionic acid. 
H“S“0“ Tnthionie acid. 
H=S'0" Tetrathiouic acid. 
jjsgsQs roiitathiomc acid 


The corresponding anhydrides aro not known 
The dithionates (also c.illed h}/pomil2>1mics) are formed directly from sulphurous 
anhydride and a motallio peroxide, 'thus. MnO''* + 2SO’ => Mu’S^O'. "When heated 
they break up into a sulphate and sulphurous anhydride, eg Md"S* 0'’ = Mu''S0^ 
+ S04 The In-, tetra-, and penta-thionatos undergo a similar decomposi- 
tion nhen heated, but yield sulphur in addition. 


Sulpburous Compounds. 

Dioxide of Sduphue, Sui-phuhous Oxide, or Suiphueods Anhy- 
DKIDE, S0“ — This eomponnd occurs as gas in volcanic neighbomhoods, in tha 
gaseous state and dissolved in the water of the springs It ,is formed artificially 
either by oxidation of sulphur or by deoxidation of siilphunc acid — (a) By burning 
bulphiii in air or oxygen, by roasting metallic sulphides, or by heating 'sulphur with 
molallio oxides, those of coppor .and manganese for instance, (3) By heating sulphuric 
acul with coppoi, mercury, or other metals, ormth charcoal, sulphiu’, or organic bodies. 
It iilsoiesults irom the di composition of tbiosulphraio and ditmomo acids, 

Pnpaiaiion — Siilphra'oiis oxide is usually pvepaiod by the deoxidation of sulphuric 
aeid For prep.iraUon on the laboratory scale, strong sulphuric acid is heated with 
eoppor or mercury , 

Hg + 2ff=SO< = Hg"SO‘ + 2H?0 + SO“ 

Cu'' + 2HB0‘ = Cu-’SO< + 2H-'0 + SO^. 

Tlie sulphurous oxide tlien passes off as gas, and the residue consists, in the case of 
irerciiry, of moicune sulphate, in the case of eopipor, of cuprous sulphate, mixed, accord- 
ing to iilnunienfe, with cnpvoim and cupric sulphides The gas may be passed through a 
small quantity of water to wash it, and then dried over ehlonde of calcium In tlio 
nianufuetory, chareo,il, straw. a.iwduBt, &c . arc substituted for the metals, but tho 
snlpliuioiis oxide obtained by means of these siibstiuces is always eonUimmated witli 
about half Its bulk of carbomc dioxide. Wocli(Schw J 1 20) recommends a laboiatory 
pioeess for m.iking snlphnroiis oxide, by heating sulphur and sulphnrio oxide together 
111 seali-d D-tubes, whereby the sulphnious oxide is obtained in the hqiud state, at 
thu cooled extremity 

]‘i OIK) lies — At common temperatures, sulphurous oxide is a gas, hut it may 
1 cry ro.iibly be condensed into the hqmd state by a pressm'e of thi’eo atmospheres, or 
by a freezing raixturo of ice and suit. The liquid oxide may bo obtained in large 
qiiaiitilu s by 111 ating copper turnings with siilphnric acid, and passing the evolved 
g.is first through a httlo w.itor to wash it, then through an empty U-tube surrounded 
bp ICC to cool the gas .ind condense its moisture, then through a chloride of calcium 
tube to render it jierfictly dry, and lastly into a suitable receiver immersed m a freez- 
ing mixture of salt and leo Tht product thus obtained may be preseiwed in sealed 
tubes, or 111 soda-water buttles firmly coikod andwued, or ijreferably closed with a 
vulcuiused caoutchouc piad retained by a screw-clamp. Whon tbs hquid oxide is 
evaporated rapidly mider the air-pump, or nlu-n it is cooled hv a mixture of solid ear- 
Inmic dioxide and other, it sohdifles m white semicrystallino flakes. Solid sul- 
phurous oxide IS heavier than the liqmd It molts at about - 79°. The liquid oxide is 
a colonrlesB, transparent, mobUo fluid Its specific gravity is 1 45 It boils at — 10° 
Eespecting the tension of its vapour, as determined by Begnaiilt, see Heat (iii 94). 
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By its mpoTation it produces intensB cold, sometimes even eufficieut to freeze itself, 
and readily to freeze water on which it is pmu-ed 

Sulpliui'ouB oxide in the gaseous state is colourless, irrespirahlo, and incombustible. 
It IS more than twice ns heavy iis atmospheric an? and may consequently be collected 
by displacement. It may also he collected over mercury, hut not over water, in 
which it is very soluble It has a peculiar suffocating sulphurous odour _ When 
perfectly dry it does not redden litmus-paper, at any rate not for some time. It 
temporarily bleaches many vegetable colours The oxide or acid is laa^:aly used for 
hloaehiiig wool, straw, i&c., and for preserving certain animal tissues, such us vollimi 
ami catgut The moist substances are placed in close chamheis in which sulpluir is 
burnt The oolom'ing-niatters seem merely to entei into combination with the acid 
or anhydride, und may be reproduced by the addition of an alkali to neutralise, or of 
a stronger acid to expel the sulphurous acid. The fume of hurniiig sulphur has also 
been employed as a disinfecting agent 

When heated to 1200° or upwards, or subjected to the action of a powerful iii- 
duotion-spark, it is resolved in*o free sulphur and oxygen, which oxidises part of 
the sulphurous oxide to sulphuric oxide It rapidly oxtinginshes the flame of huniing 
bodies. — Nevertheless notassium burns brightly m it, forming u polysulplude of potas- 
sium together with sulphate and thiosulphate — Knoly divided tin heated in the gas 
also bums brightly, formtug stannic oxide and sulphide — Arsenic acts upon it only 
111 the form of vapour, forming avsenious oxide and giilptiide — Antunony is slowly at- 
tacked by It, forming the red trisulphido — Precipitated lead is slowly converted into 
sidphide ~Iion (finely divided) glows when heated in the gas, foiimng sulpliido of 
iron and ferrous sulphate, — Manganic piroxide, gently heated m the gas, is coiiverlecl 
into manganous sulphate . lead-oxide or carbonate, chiofly into sulphide — Cupric oxide, 
is fwo-thirda reduced to cuprous oxide, the romaiudor being eoiivcrtod mto ouprio 
sulphide (Sob iff, Ann Ch Pharm cxvii 92) 

SvLPHuaous Acid, n>SO» =. H’OSO* = 
obtained by burning sulphydrio acid in excess of air or oxygon , or by libcmting it 
fiom Its salts, the sulphites, by the addition of a stronger .icid, such as tlio sulpinirie, 
liydroohloric, oxalic, &c. — In practice it is always iiiado by passing siilphni'ous 
oxide into water When liquid sulphm’ous oxido is udded to ice-cold water, or 
even to loe, eombiuation attended by violent ehiillition takes plaeo, whilo a solid 
hydrated iieid roniaius, mixed with an excess of ice, uliotlier used as .such or fiiwen 
during the reaction The solid hydrated acid, in the foim of white biminated cryRt.ils, 
may also bo made by pa.ssing moist sulphurous oxide gas through a freezing 
mixture. Pierre (Ann Oh Pharm Ixviii 228) obt.amed uitro-lik« crystals of sul- 
phurous aoid, having the formula II-'SO* gn^O, by cooling to —6° a s.vturalcd soUitiou 
of sulphurous aoid through which a cim'ent of the gas was being tranMiultod The 
crystals fused at +4° Doppiiig (J pr Chum xliv, 255) succeeded in procuring 
the pure acid, H“SO’, in the form of cubical crystals, by cooling to zero a saturated 
aqueous sulution of sulphurous acid. 

The solution of sulphurous acid is mado commoremlly by coudenstng the vapour 
from burning sulphur in a coke scrubber, through which water is kept trickling In 
the laboratoiy the gaseous oxide is passed into distilled water, which at 15° absorbs 
about 45 times its volume of the gas (ii. 798). The eombiiiiitioii is attended by a 
slight elevation of temperature The resulting liquid has a specific gravity of 1 01. 
It IS colourless, has tho smell of bimning sidphw, and reacts stiongly acid to test-paper. 
When boiled it gives off siilphurons acid or oxide, hut very prolonged phnlhtion is re- 
quired to drive off the whole of the gas By exposm-e to air, the soUmoii slowly oxidises 
into sulphuric acid When mixed with hydiochloric acid and inctiillic zinc or staniious 
chloride, it is reduced to the st.ste of snlphjdric acid, which in the case of zinc may he 
recognised by its reaction on lead-paper With stannous chloiide a precipitate uf 
brown stamioiis sulphide is formed. 

Sulpliuroiis oxide and sulphurous acid act as powerful reducing agents. They 
liberate iodine from lodie acid, and, ni presoiico of wator, finally convert it into 
hjdriudio acid The smallest trace of free sulphurous .icid in a gaseous mixture, or in 
a solution, may he detected by means of strips of paper steeped m starch-paste to 
winch a small quantity of iodic acidorputassiciodate has been added Tho sulphurouB 
acid sets free the iodine, which forms the well-known blue compound with tho staiuli 
(Persoz, Ann Ch Pharm Ixiv 408). Staich-paiier, containing iodide of potassiuiu, 
which has been turned blue by tlio action of chlonne, is deeolonscd by sulphnrous ucid. 
(Schonhein, Pogg Ann. Ixx 88) 

feulphurous acid and iodine, in presence of a largo quantity of water, yield liydno- 
drio and sulphuric acids H-SO” -r I'- + B-Q = 2ni + H-SO'. Bimson's 
method of volumeti'ic analysis is bused upon tins reaction. 



542 


SULPITUR. OXIDES AND OXYGEN- ACIDS. 


Suliihra-oiis ucid mnl o:xide mince the arsenic, chromic, and permanganic acids, and 
precipitato metallic gold from its chloride They also precipitate tnllui-ium and solcmiim 
from tollurioiis and sulomoiis acids rospoctively, and sulphur from siilphydnc acid 
For the detection of flulpliurous oxide in gascons mixtiiro, Schitt (Aim Ch. 
Phiirm cxviii 91) rocommeiida the use of paper inoistoned with solution of meremous 
nitrate, which boeoines gray from precipitation of iiiolalUc mercury Bright motallic 
copper heated with hydrochloric acid containing snlpdinroiis acid immediately becomes 
dull, then grey and brown, or lirown-hlaek, from formation ol aulpludo, Tlio doposit 
thus formed is distinguished from that produced by arsenic under similar circmustances 
by not ndheniig closely to the metal, by not disappearing when heated in a tube, and 
by not diEsoliing, with evolution of hydiugen, when boiled with niodcratoly diluto 
hjdroelilorie acid Boiiisch (Zeitsclir aii.il oWin i. 220) rocommends this reaction 
aa a very delicate teat for sulphurous acid , butarcording to Frosenius (iM i 321), 
It is not ue.irly t,o dehcate as that with lodate of potassium and starch 
Sni.i'HDiiODs CKtoniSE, SOCl^. ChlomU of Ttuonyl Sulphinoxcs Chlor- 
uMekode — This *compouiid, derived from sulphurous acid, SO HO HO, by tlio 
siilistilution of 2 at. cbloriiie for 2 at. hydroxyl, is formed tiy the action of water 
alcohols, acids, &e. on the sulphides of ehlormo (pp S34, 53fi) , but is more e.isily 
prepared by the action of phosphoric pentiicbloride on sulphurous oxide (Soli iff, Ann. 
Ch. Phiirm cn. Ill), or by that of phosphoric oxychloride on sulphite of oulcium 
(0.iriu8, M. Ixx. 207) • 

SO» + PCI* = POCl* + SOCl* 

3CnSO* + 2POC1* =■ Co’P*0» + 3,SOCP. 

It is separated by fractional distillation from the fixed calcic phosphate produced 
snunllaiieously m tho socond, and by fmctioual distiUatiou from the phospliorio oxy- 
chloride produced in the first reaction 

SulpUurons chloride is a colourless, strongly refracting liquid, winch boils at 82°. 
It is decomposed by water, yielding hydrochloric and sulphurous acids , by alcohols 
with formation of hydrochlono acid and alcoholic chlorides and sulphites (p 535), 
mid hy ammonia, with formotion of thionamido Cl-'SO* + 2NH’ = H-'O + 
(NH7SO. 

MuTAnLio StitPitiTES — Sulphurous acid, as already observed, is dibasic, forming 
uormnl or neutral, and acid salts represented by tho fomiuliu M'SO* and MHSO’ for 
monatomic metals ; and by eorrespoudiug fomidis for poly .itoimo metals , also doiihla 
salts The sulplutes have boin exainmod chiefly by llluspratt (Ann, Ch Pharm, 1, 
20f ’ ■ I ’ " g9j^_ 

ill. . sulphurous oxide through water 

in- I II r suspended The acid sulphites 

of barium, strontium, caleiiim, and magnesium, and tho nentr.il and acid sulphites of 
lithium, sodium, and potassinra, are soluble in water Most other Bulphitra .we 
inaoUdilo, and may be prepared by precipitation with a sulpUite of alkali -metal The 
sulphites M*SO’ and MHSO*, present a gi'eat an.ilogy to, and are for the most part 
ihomorubous with, the cai'bonates, M-’CO* .lud MHCO" resnectivelv Both acid and 
neutral sulphites form well-defined crystals, sometimes hyclrated, hut more genor.iUy 
anhy’droiis. The sulphites are decomposed at a red heat, either into sulphate and 
sulphide, or into sulphurous anhydride and metallic oxide. When heated -with char- 
coal, they are completely reduced to the state ot sulphides, or in some canis to that 
of oxides They are also reiiiUly reihiced in the moist way hy stannous chloriile, or by 
ii.iscont hydrogen evolved from hydrocldorie .icid and zinc, with formation of met, dim 
Milphido or of sulpbydrie acid The siilplntos, p.irticulmly if in solution, become oon- 
1 cited into sulphates by exposure to air, or hy tieatment with oxidising agents, such 
.IS nitioiis acid, liypoehioroua acid, chlorine, Ac The solutions also, when acted on by 
sulphur, sulphydric acid, or alkaline sulphydi.itc, form thiosiilphatea (hyposulphites). 
Tho sulphites lire decomposed by nenily all acids, s.ire the carbonic and boric, with 
liberation of siilpliuroiis acid The acidified solutions of tho B,ilt3 act like sulplniroua 
flcid ns powerful reducing agents, and are frequently employed as such m analysis 
Acid suliilute ot sodium w.is at one tmie much used ns an antwMore (i 310) 

Sulphite^ of Alumimiua.— A basic sulphite, A1*0“ tiO-’.dH'-'O or AF(SO*)*. 
4A1U*0'' 8H'0, IS obbiiuod, according to Gougginsporg, hy dinsohiiig recently precipi- 
I nted iilumime hydrate in cold aqueous snlplmrons acid, or passing sulphurous gas 
into w.iter in which the hydrate is siispendod On heating the resulting solution, tho 
suit separates ns a white eiutliy powder, which must he collected, on a filter while hub, 
as it redissolies on cooling It is insoluble in pure water, and on exposiuc to the air 
is gnidiuilly converted into sulplmte 

Suipbites of Aninionlum.— The neutral salt, (NH')=S0’,H*O, is prepared by 



SULPHITES. 


643 


passing sulphurous oxide and ammonia-gases, both moist, into absoluto alcohol; the 
Iiipml then becomes filled mth white silky erysfcUs of the salt, which must ha diiod 
bofweoii filter-paper It has a strong alkaline reaction, an xinpleasiint caustic taste, 
ami diasohes very slowly in water. The crystals, when exposed to the air, first become 
imiist, hut afterwards dry, being converted by oxidation into sulphate of ammonium, 
(11 aspratt ) 

TIu' neutral ailphite, when heated, gives off water and ammom.a, and la converted, 
semuhng to Muspratt, into the anhi/droisu!p!iite, (]SrH''yO 280" or (NH^)^SO“ SO-', 
[it might rather be expected to yield the aeid sulphite, NH-* H SO* = 

( NH ' I'SO’ — NH®] This saltis nnntialto vegetable colours, gives off a considerablo 
qiiaiiLityof sulphurous oxide on expobiiro to the air, and is giadually but completely 
eonveited into sulphate of ammonium It dissolves easily in water and in al- 
cohol. When heated in a tube it gives off sulphurous oxide, and yields a siib- 

lunate perhaps consisting of 2NH*.S0® ^II“0 or (S0 )"Vq 4E*O- 'Whon sulphu- 
rous oxide IS passed into aqueous ammonia till the odour is entirely destroyed, and 
nbsoluto alcohol is then added, a white alkaline crystalline mass separates, containing 
(NH*)*S0“ NHhJffO (Muspratt) 

Sulpblte of Antimony, Sb’O’ SSO® &“(S0’)’, is obtained, according to 
Berzelius, by digesting antimonious oxide in sulphurous acid, or by passing sulphurous 
oxide into antimomous chloride It is a white insoluble powder 

Sulphite of Barium, Ba''S0’, is obtained by precipitation as a white powder, 
luid crystallises from solution m warm aqueous sulphm-oiis acid in permanent six-aided 
prisms When heated in a close vessel, it is resolved, according to Eammelsboig, 
into sulphide and sulphate of barium ; 4BaS0“ = BnS + SBiiSOh 
Sulphite of Bismuth, Bi^O’SO* =» 2Bi®0’.Bi\S0'‘)’, is deposited, according 
to Dansou, from a solution of bismutli-oxido in tho aqueous acid, loft to stand m a 
close vessel, as a straw-yellow precipitate, becoming wliito when dry. According to 
Muspratt, it is likewise produced by passing sulphurous oxide tlirough the nitrate 
Sulphite of Cadmium, Cd"S0“ — The anhydrous salt sc piirntes from the aqiio- 
ons solution by erapoiation, m indistinct crystalline forms (Eam melsberg). On 
adding alcohol to tho solution, tho same suit separates us a procipit.ito resembling 
alumina, which, if loft to stand in tho liquid, changes into fine .sihery crystals of 
the liyflratod salt, Cd(S0*)“.H-'0 these crystals dissolve sparingly in water, c.isily in 
dilute noids (Muspratt) ^ Tho salt oxidises slowly lu tho aw, and whon lifaiod, 
gives off sulphurous oxide, leaving a yellow residue of eadmic oxide, siilpliido, and 
sulphate Sulphate of cadmium is also formed, together with the sulphide, on dissolving 
cadmium in sulphurous acid (Bor d os and G61is ) 

Ammonio-cadmto sulphite, (NH';-Od''(SO’)^ is obtained, according to Schuler, by 
passing sulphurous oxide to saturation into the solution obtained by adding aiiimom.i 
in slight excess to ehlorido of cadmium. It tlion separates as a white prccipit.itc con- 
sisting of mioroseopie rhombic prisms, nearly insoluble m watur, even on boiling. AVhen 
heated, it gives off sulphite of ammonium, leanng a mixture of eadmic oxide awl 
sulphate — Acid sulphite of Cadmammonitm, (NII-'Cd'')HS0’. is formed by dissolving 
eadmic sulphite in aqueous ammonia, and separates on cooling as aciyatulhnc powdoi, 
or in small shining prisms which smell of ammonia and are deebmposod by water 
(Hammelsberg ) 

Sulphite of Calcium, Ca"SO®, is obtained in the anhydrous state by preeipilatioii. 
On suspending the precipitate in water, passing sulpluuous oxide through the liquid, 
aud leaving tile resulting solution for several days over oil of vitriol, a liydvatcd sail 
separates in six-sided piisms containing 0a''S0“.2lI-0 (Muspratt). 2Ca"SO“ir O 
(lliimmelsberg) Sulphite of calcium has an astringent sulpihiirous tusto, and 
becomes cui ered, on exposm-o to the air, with silky efflorescences of calcic sidpli.ito. 
"When ho.ited, it gives off water, sulphurous oxido, and sulphur, and leaves a rcsiduoof 
ciilcio sulphide and sulphate (Muspratt, Eammel sherg) liespecting tho prepara- 
tion of tills salt on the largo scale, aud its use in hie, idling, and in protecting organic 
substances fiom decay, see Anthon. (Diugl pol, J clix 137 ) 

A compound of calcui sulphite and sulphide, CaSO'' 2Caa GII-'O, la found, according 
toKulilmann (Gompt rend lu 1169), lining tho cavities of soda-residncs whicli 
li.ivo been lixiviated, and afterwards exposed to the air for several years. 

Sulphite of Cerium, C6"S0’, crystallises in ne' dies (Klaproth.) 

Sulphite of Chromium, 2Cr®0“ 3S0‘ 16H®0, snpar.itcs from solution us a yellow 
powder (Danson), on addition of alcohol, or on heating, as ii grcoiiibh-wliito ijowder 
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winch gives off sulpluivonf. oiida \iheu lio.-ited (Musprfttt). Accoriing to BerthiVr, 
Mjlphiirmis oxido passed into a solution of poUssie cliromate forma a brown pvccipi- 
ttite, gradually turning green, and dissolving to a green liquid, which deposits a 
basic salt on cooling, 

SnlpUUes of Cobalt.— o Gobalto us Sulphite, Co "SO®, aep.iiatos on addition 
of iilculiol to the boliition of cobiiltous carbon.ito in Milphuious acid, ns a flocculent 
preeiiutnte proli.ibIy contiiiuiiig 1 at w.iter. Erom a solution treed from air by boiling 
and loft to cool in .i closed vessel, red giMuiiliir crystals soparuto containing 6 at. water 
tiluBpratt) Tho t.iimi solution eiapor.itod down iu an iitaospliere of hydrogen, 
gives utt aulplitiroua oxido, and deposits peaohblossom-coloiired cryaUila of a s.ilt coii- 
taniing 3 at w.iter Tho inoUier-liquor on cooling deposits a light rose-coloiu'ed 
powder, probably a basic salt Aiumonui piu'tlidly diasohca tho tnliydi.ited salt with 
red-hiowu colour, and .dcoliol added to the solution throws down .i yellow crystalline 
powder containing auuuunia, sulphurous oxido, and probably cobaltio oxide, Co®0® 
Ct.immelsborg.) 

Vi'ttmui-cobalious suIpJnte, K-0 Co"0 2S0’ = K®Co"(PO®l®, w obtiiiied, as a pale- 
red crystalline or amorphoua precipitate, by hc.itiDg cobaltous sulphite or chloride 
with neutral sulpluls ot potiissium, or by boding cobaltio hydrate- with a siiffloiont 
quantity of tlio alkaluio sulphato — ^A sodiuin-sMt ooutaming Na®0.3Co''0 8S0® or 
H'.i®Co®(SO”')® Co"0, is prop.irod in like manner Both e.dts oxidise on exposure to 
tile air (AV. SohuUse, Xmtsclir Ch Bharm. 186fi, p, 89 , Jahresb 1805, p 270 ) 

fi. Cobaliio Sttlplntes—A warm solution of .iminomuiu-sulphite dissolves 
recently precipitated cob.dtic hydrate, with evolution of ammonia, forming a dark 
alkidmo liquid , and tins, if strongly saturated, deposits atler a w hde, a reddisli-yollow 
powder which rcdiasolvos on washing with water, tho solution then gradually depo- 
siting vellow-hiown cry.stals, and afterwards aycllow powder contHimng2(Co-'0® SSO®) 
lONH’or't' ’ .1 . , 1 with tho purpureo'cobalhe sulphite described 

by Kunz i deposits brown crystals winch are decomposed 

by water, i . y identical with Kunzel's triiimmomo-coballic 

RiilpliitB 1 Ch. Pharm exxviu 157, Jahresb. 1863, 

p 207 ) 

Pnta^sw-cohaltic ■sulphite, K’O.Co’O® 4-SO* = KCo"'(S90*P, is formed, by heating 
cobaltio hydrate for some time with a frequently ronowed, conreiitr.ited, nential, or 
slightly alkaline solution of potnssic sulphite, as an aniorplious powder which dissulvea 
slightly insulphurons or hydrochloric .leid, and decomposes iii drying —Asoclium-satt, 
hiiTiiig the composition Na®O.Co'0".3SO^ is obtained in asimilar manner (Geiitlior, 
Schttltze.) 

Sulphites of Copper. — a A haste cupric sulphite, 4Cu’’0 SO® 7H®0 or 
Cu''SO® 3Cn"H.®0b4lI'0, is obtained by adding cupric hydrate to absolute alcohol satii- 
nitxid with sulphuious oxide, ns a green precipitate, msoluhle in water, aud not docom- 
posod by washing tlieicwith 

fl Cuprous sulphite, CirSO’ — The anhydi-niis salt, which has a brown-red 
colour, is ohtaiiietl, according to Bdttger, by treating cuprous hydrate with aqueous sul- 
phurous aeid. The siimo b.ilfc is obtained pure and as a hydrate, by passing sulphurous 
oxide through water in which ammonio-euprous sulphite ts suspended Tlio hitter is 
thus ooinertcd into an msolublo rod pow'der, which on hoduig the liquid, is converted 
into a mass of microscopic crystals consisting of On'tSO® H®0, resembling the red 
double s.ilt in general appearance, but lighter-colomed, and exhibiting under tho 
microscope, distinct quadratic prisms or octahedious, whereas the double salt crystal- 
lises 111 obhijiie prisms Cuprous sulphite is coiivorled by hydi-ochlorio acid into 
cuprous chloride, and dissolved by .iimnouia to a colourless liquid which does not turn 
blue (liogojsici, J pr Chem liii 408) 

Ammon lo-cupioua sulphite, (NH®)CaSO®, is obtained m colourless laminse by decom- 
pioiiiig cupric .sulphate with excess of ammonuim-sulphite, and passing sulphurous oxide 
thiongh the brown liquid till it becomes colourless , or by passing the sulphurous gas 
(not too long) tlu-ough an ammoniucal solution of cupric eiilphate (Bogojski), or 
by luMiiig sulphite of ammonium at the boiling heat to a solution of cupric sulphate 
or mtrntn strongly supoi-MitiUMted with ammonia, till it becomes colourless, tlie 
lesiilting solution mixed ivith excess of nitric acid .ind exposed to tho air. deposits tlio 
double salt m nacreous six-sidod tables (H Vohl, J pr. Ohem xcv 218) It is 
msoluhle in cold water, uud is decomposod hy hoihng water into sulphuious oxide 
and cuprous oxide , also hy sulphui'io acid into metallic copper and cupric sulphate 
111 a solution of cupric sulphate it is immediately converted into red cuproso-cupric 
sulphite (Ho gojskii— Another double salt, cout.uning Cu®SO®,7(NHb®aOMoS®0 
or (NlIYCu(SO®)’ CH-u, is piuduced, uccoKliiig toPenn-dc-, Saint- Gi lies (Ann. 
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Ch. Pharm. Ixxxvhi 166 , Jahresb. 1853, p. 372), by Ireatmg c 

sulphite of ammonium It ciyslalliBos in needles, and ir 

ding salt by saturating its solution with sulphnrons acid. 

Potaasw-cuprous Snlphttcs —The salt, Ou’SO" 2K'‘SO', is produced, according to 
Chevreul and Muspratt, by adding sulphite of potassiiun to a moderately concentrated 
solution of cupno sulphate or nitrate, or according to Vohl by passing sulphurous oxide 
into a solution of a cupric salt mixed with excess of potash It is a yellow precipi- 
tate which by boiling with water is converted into the salt SOu'SO’ 3Cu’'SO'>.2H;“SO". 
Kammelsberg, by mixing a cupric salt in the cold with sulphite of potassium, and 
digesting the resulting yellow-brown precipitate with a strong solution of potassic 
sulphite, obtained a suit containing apparently Cn'SO* SK’SO* leffO , but its compo- 
sition is uncertain, as it was perhaps mixed with niieombinod pohissic sulphite. 

Bodia-ewjyrmia aidphte, Cu*SO“ 6Na-S0''.38H''0, is formed, according to Mnspratt, 
by adding alcohol to a mixture of the solution of sodio and cupric sulphitre , on 
leaving the liquid thereby separated in a vacuum, the double salt is deposited in fine 
yellow crystals. 

Na’OSO’ \ 

A sodzo-ferroso-fernco-cuprotia sulphite, 'IdU'Oitssaid lobe obtained 

Cu^o'sO'' j 


by adding neutral sulphite of sodium to a solution of 2 49 grms (2 at ) cupric sulphate 
and 6 66 grms (4 at 1 ferrous sulphate in 100 oo water The precipitate formed ,it 
fiiat rediSBolves to a dark pm-plc-red liquid, winch after some hours deposits the coiii- 

E lex salt in small black crystals, appeanng dark purplo-red by transmitted light. (A. 
tromeyor, Ann. Oh. Pharm cix. 237 ) 

Ouproso-ouprio SKlyi;i8i!c,^"’|s‘0“ 2H’‘0 = 0uW 0ii''SO’2H«0.(Ilainmol8- 
borg and Eogojaki.) — Prepared by treating hydrate or carbonate of copper with 
aqueous sulphurous acid, or by passing sulphurous oxide tlmough wator in which 
either of these compounds is suspended (Muspratt), or by adding a concentratoil 
solution of acid potassio sulphite to a solution of cupno sulpliate. and gently wai'iiiing 
the filtered liquid (Bourson) It forms led eiyslals or a crystalline powder, wliicli 
dissolves in hydrochloiic acid with brown colour, becoming green on dilution, with 
separation of white cuprous chloride The same salt is obtained combined with 6 at. 
water, by slowly passing sulphurous oxide through a solution of cupric aentate, or by 
adding an alkaline sulphate to a cupnc salt in oxccss It then scpiuatos as a ydlow 
fioeculent precipitate, which remains niiallerod in dry air, is insoluble in wiilci, but 
dissolves without decomposition in acetic or sulphurous acid On ovaporiitiiig its solu- 
tion the red dihydrate separates out (P6an-de-St-GiUos) 
Ammonio-ouproso-cupnc sulphite, (NII*)’Cu’Cu'(S0*)’,5II''0, separates in hglif-giccii 
crystals on mixing a saturated solution of ummonium-sulphito with cupno suipliatu 


(Pian-de-St-Gilles ). — K pjotassio-cuproso-cupnc sidphite, K'Cu“Cii-(SO’)", is ob- 
tained as a red precipitate on heating a solution of cupric sulphato with potassie 
sulphite. (Eogojski) 


Sulphite of Sldymlum, Di''SO'‘ 11*0 — Produced by passing sulphurous ovule 
thiough water in which strongly-ignited oxide ot dKlymmin is Buspouded. Tlio rose- 
coloured solution boeomos turbid when heated, and deposits the salt us a hglit bulky 
precipitate, which redissolves ou cooling If, however, the excess of sulphurous ,icul 
ho expelled by boiling, the precipitate becomes roddish-white and piilverulLiit, and no 
longer redissolves on boiling. (Marignac.) 


Sulphite of Cluolouin, G"SO*, is very soluble in water, and is not docomposod 
by boiling 

Sulphites of Gold. — ^Neither anno nor nnrous sulphite is known ni llio bOpiimtu 
state.— Po tassio-anric sulphite, dK-'SO” Au-XSO*)* fiU^O, or 2(KAu"'0* IKHSO-*) 
H-0, IS obtained by dropping a solution of potnssic sulplule into a slightly alk.ihne 
solution of potassio aurato, in yellow needles insoluble m the alkaline liquid, but dis- 
solving in water, with evolution of sulphurous acid and separation of gold. Acids 
likewise decompose it. When heated, it leaves metalhc gold and sulphate of potiissnim 

Sodio-anrons sulphite, 2N.i“Au(SO'')* 6H’-0, or 3Na*SO»Au=SO* 511-0, forms a 
colourless solution, which is precipitated by alcohol, appears yellow by roflccicil hgiit 
(hko fulminating gold), purple by tiaiisinittod light (like purple of C'.i.sm us) Ilssohi- 
tiop gives with nitrate of silver a precipit.itc ot Ihe colour of lead-clirumuto, and iorms 
with load-salts a red insoluble compound (Ileintz ) 

Voi. V. N N 
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SuIpUites of Iridium, (Birnbaum, Ann Cb Pliann exxxvi. 177; Jtthresb 
1865, p. 283 )— a. Sulphite, IrO^SOUffO = (IrO)" | passing 

sulplniTons o»do into -water m wliicli iriilio oxide (lii 322) is suspended, part of tho 
pxide diesolvea with light olive-greon colour, -while tha lost romains undissol-red as 
browtiish-grceii iriilie sulphite This salt, when dry, forms n black-brown amorphous 
mass ; which, when heated, gives off wiitor, sulphurous acid .and sulphiu'ie acid, and 
leaves bhieh oxide ot iridimu. Hydrochloric mid siilptiuric iicids dissolve it with 
green colour and evolution of bulplinroiis oxide , nitric acid and potash separate blue 
11 idle oxide 

(8. Ji-idious Sulphite, Ir\SO')= 6H’0 = This s.olt is contained 

in the light olivc-green solution above montioiied, and separates by gradual evapora- 
tion as n brown nmorphoiis mass It dissolios ensil}- and with grey colour in acids, 
and when heated with potash, heconios first hrown, then green and blue 
The foUowiiig double salts of iridious sulphite are obtained by mixing the olive- 
green liquid filtered from iridic sulphite -with tho corrcspondiiig alk.ibno carbonates, 
in quantity not sufiScient to form, a precipitato The solutums, when left to them- 
selves, deposit the double salts as dark orystallino precipitates 

Ammonio-iridious sulphite, fflE*)“Ir"'(S0’)''.3H*0. 
Potnssio-iridions sulphito, K’Tr"'(SO=)h3II“0 

Sodio-iridious sulphite, Na''Ii’'"(SO'')®.4H'0. 

Eespeoting other double sulphites of indium, see vol. iii. p. 322. 

Sulphites of Iron. — a. Feme salts. — Tbo Bcirfrnl sal?, FoW 3S0' = F6®(S0’)® 

= (Feu'l Itnown in tho solid form Tho red solution formed by dissolving 

ferno hydrate in sulphurous acid, or adding an alkaline aidphito to a ferric salt, 
quickly' becomes converted into foirous sulphate. — The dibasio salt, 2Fo®0*3SO^ 

= Fo’0*.Fe*(SO’)’ = j 0®, is thrown down by alcohol from the rod solution 

above mentioned, as a yellow-brown TiydrateJ precipitate, ivhidi oxidises in 
the all to solnblo ferric sulphate. — The tnhasw salt, Fc®0* SO'-.6H®0 = 2Fo®0®. 
Fe“(S0*)*.18H*0 = ^^9,^ 0' 6H'0, is produced by treating the dibasic salt inth 
water. A solution of feme oxide in sulphurous acid, exposed to the air for several 
days, deposits the tnb.isic salt as a red-bromi proeipitato containing 7 at water 
(Muspratt, Koonc). If, on Hio other hand, the same solution is heated, it deposits 
a straw-yellow ochry precipitate, which contains, according to Koene, 3Fi‘®0®.S0h7H’0, 
and suffers no altoration on exposure to the air 
Potassio-femc Sulphites — The hlood-reil solution ohtaiucd bypassing sulphurous 
gas through water in which ferric hyimte is suspended, yields, on addition of caustic 
potash, a double salt containing (Po*0‘' SO®) 2(K-’0 SO-^) 5H®0 = (x?6"’)®K® | 
(Muspratt). — Another double salt, (Fe®0® SO^bK-'O 2S0®, is formed, according to 
Koonc, as a deep-yeliow precipitate on adding dilute potash-ley to the alcoholic fil- 
trate obtained in tha preparation of dibasic ferric sulphite 
S. Ferrous sulphite, Fe''SO* 3II®0, is obtained, together -with nn equivalent 
quantity of tho hyposulphite, by dissolving clean iron-wiie in aqueous sulphurous awd 
(Fordos and Gills) On leaving this solution to evaporate in a vacuum, the sul- 
phite Bopnrntes out first m pale-green crystals, or it may ho precipitated as a white 
powder by adding alcohol to tho solution It is also produced by dissolving recently 
precipitated ferrous carbonate in sulphurous acid Tho nearly colourless crystals 
dissolve sparingly in water, but abundantly in aqueous siilpliiirous acid, and ore con- 
verted slowly in dry, quickly in moist air, into sulphate. (Muspratt) 

Sulphite of head, Pb''SO“, prepared by double decomposition, or by passing buI- 
phurous oxido into a solution of neutral plumbic acetate, is a wiiite, iusoUiblo, anhy- 
drous powder, winch when heated gives off sulphurous oxide, and leaves a mixture of 
sulphato and siilphido It has boon proposed as a substitute for white lead. 

Sulphite of liithium, Li^SO® 6H®0, separates from its aqueous solution on 
boiling, or on addition ot .ileohol, in white feathery crystals, which turn light-yellow on 
exposure to tho air. (D a n s o n ) 

Sulphite of magnesium, Mg''SO® 6H"0, forms small shining crystals, belonging 
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to t}ie I'liDlnbohedml fayatem, wHch diasolvo in 20 pts of cold water, and arc gradually 
coniet'tcd into aulphatu on exposiu'e to the air It gjvaa off part of its water at 100°, 
thereat, together with sulphurous oxide, at 200“ tEammelsberg). — Musprntt oh* 
tamed a salt with 3 at, water, crystallising m oblique rhombic prisms. 

Amniutm-magnesui sulphde, (NH')-'Mg’(S0“)4.yi“0, is obtained, according to 
Eammelaberg, by mixing a solution of magnesia m sulphurous acid, with excess of 
ammonia dissolving the resulting precipitate in sulphurous acid, and leaving the solu- 
tion to crystallise. Sulphite of magnesium thou separates out first, and afterwards the 
mucli more soluble double salt — Another hydrate, contoiiiing (NII'')'M^(S0“)'.1SI1“0, 
is obtained in nionoelmic crystals ftom the mixed solution of the component salts 
(Eamtnolaberg). — The potassic double salt is difficult to obtain pure, because it is 
about as soluble as the simple magnpbic sulphite formed at the same tunc. 

Sulphite of manganese, Mn"SO" 2H“0 or (according to Eamraelaberg) 2Mu"SO® 
IS a roddiah-white crystiilhne powder, tasteless at first, but leaving a nauseous 
metallic aftertaste. It is insoluble in water, alcohol, and ether, and peminneiit in the 
air (Muspratt, J ohn). "Whou heated m a small retort, it gives off w.ator and sul- 
phurous oxide, and leaves a greonish-brown pulverulout rosiduo of manganic oxido, 
manganous sulphate, and sulphide of manganese (Kainmslsborg ) 

■ Sulphites of mercury. — a Jilercurzc aalti — ^When a syrupy solution of basic 
mereuno nitrate is mixed with a dilute solution of alkalino siilpliile, a boavy white 
curdy precipitate is formed, varying m composition hotiveen the neutral salt, Hg’'0 SO-', 
or Hg'aO’, and the basic salt, 2Hg''0 SO'' or Hg'O.H ’ i ’ rcuric 

salt used m the preparation contained loss or more of "SO'', 

IS very unstable, and is converted by boiling with water into a mixtuio of niereuroua 
sulphate and metallio mercury — ^The bnatc aal.i, IIg"0 1[g'’SO’, when gently heated in 
the dry state, or boiled mth water, is converted, without alteration of percentago 
comMsition, into neutral mercurous sulphate, Hg’SO' (PAan-de-St-Oilles, Ann 
CBi Phys. [3J, xxxvi 80) — The nitrate is the only murourio .salt from which nierourio 
sulphite can he prepared, all othois being rodiiceJ or dissolved by alkalino sulpliites 

Aeid tiicrcum aulpktie^ Ilg''H''(SO’)®, is formed, accoi'ditig to Wicko, by treating 
solid morourio chloride with a solution of acid sulphite of sodium, .and sop.ira(oe us a 
white crystalline powder consisting of microscopic cubes It is modoratoly soluliio iii 
water. The solution deposits metallic mercury when healed, it is decomposed by 
potash in the cold, by ammonia only when heated, wilh fovmation of a whiti precipi- 
tate J it IS not prooipitalod by alkalis 

Ammonio-merciii ic Sulphite, (NH‘)’Hg"(SO*)“ —A solution of acid ammoniiim-siil- 
phite, saturated at the boiling heat with mercuric oxide, and then left to evaporate at 
a gentle heat, deposits this double salt in Urge, trausp-ircnt, coloiuloss, soft, l.ibul.ir 
crystals It decomposes when exposed to light, witli separation of nioicuiy-globulei , 
slowly also even when kept m the dark and in woll-elosed vessels The .iqueniis solo tioii 
decomposes in. the same way, slowly in the cold, immediately on boiling. AVilh pot-wh 
It yields a white precipitate, consisting of 2Hg"SO* N''H'gh2II''0. (H i rz o I ) 

Potassio-merounc sulphite, K®Hg"(SO*)“ H''0, separates from a mixtiu'o of tho satu- 
rated solutions of potassie sulphilo and mereuno chloiido, in tufts of small wluUi 
needles It dissolves sbghtly in cold water, forming a neutral solution (P iS a ii - d c - 
St-Gilles) 

Sodto-mmsunc sulphite, Na’Hg"(SO’)* H'O, is obtained by adding mercuric eliloralc 
to excess of sodie sulphite. On evaporating the liquid, the salt crystallises m siii.ill 
rliomhohedr.d plates, whose solution has a neutral reaction, and is not piccipit.ilod iiy 
iodide of potassium (Pdan do St-Oilles) —Another double s.dt, conbiimug 
Na’Hg’lSO^)* H'O, is produced, with separation of a small quantity of calomel, on 
mixing the hot saturated solutions of sodie sulphite and mercuric clilondc, the latter 
being in excess The liquid, filtered hot, deposits tho double salt ou cooling as a com- 
pact mass of indistinct needle-shaped crystals. It is moio soluble than the pieeediiig 
The soliitiou has an alkahno reaction, and iodide of potassium suparatea half tlio 
mercury ft’om it Potash heatod witli itsopaiates one-fourUi of the mercury. (Pdaii- 
de-St-Gilles) 

A compound of ammomum-sulphite with mermrie chlonde, 2(NH')'‘K0“.3Hg''01', 
separates in nacreous crystalline lamime, on mixing the solutions of the eompouoiit 
salts. Wlien heated to boiling with water, it gives off sulphurous oxide, and 
deposits mercurous chloride 

fi. Mercurous Sulphite — Tho neutral salt is not known Aa auhi/diokiilphilp, 
2Hg'0.3S0' = 2Hg''SO’.SO'', or 3Hg'0 4SO» = SHg^SO’ SO”, is produced by passing 
sulphurous oxide tliroiigh water in which recently precipitated moiciu'ic oxide is 
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suspended. It is. a nliifo, very easily deminiiotililo suit, being quickly oxidiso.l to 
sulphate, 'with soparntinn of iiictiillic inemirv "When heiited in a test-rube, it melts, 
gives off a large quantity of snlpliiirous oxide, and yields ii subliiiiato o' merem-ons 
Bulphito and motnllic mrrenry. It is also quickly docoinpobod by boiling with water, 
nierciu'y being 8cp.ii.itcd, and fcco sulphiirio ncid i-cmiuuiiig in solution Warm nitric 
acid dissolves it easily, mth evolution of nitrous acid Ilydroeliloric acid converts it 
into nioreiiroiis chloride. AVhen it is digested lutli c.instic potash, the flitiato which 
runs away from the black mercurous oxido, eonUiiis but liLtlo sulphite of potassium. 
(Eammelsherg.) 

Sulpliite of Wlolcel, Hi'-SO’ GIPO, separates by spontaneous evaporation from its 
aqueous solution, in 6no tetc.iliedioiis It is insoluble in pure water, soluble in water 
containing sulphurous acid, and bocoiiies opaque when heated with water, probably in 
conseqiionco of eoiiversion into tlio anliydrous salt, or of another hydrate (Miispratf) 
— Tlio h tiah/dra/ed salt, Ni"90' 4II-C), is obtained, according to Miispratt, by boiling 
the solution of nickel-hydrate in snlptiiii ous acid , it then sopavates in sm.ill green 
crystals, nearly insoluble in water. Metallic nickel is dissolved by aqueous siilphiuous 
acid, with formation of sulphite and hyposulphite of nickel, on evaporating the 
solution, the sulphite crystallises out with 8 at water (Kordos and G-oli.s ) 

An anmonio-sii/fihUe oj nicKd, NfSO’ 3NII“ 31I“0, is thiown down by alcohol from 
a solution of niekol-sulpliite in ammonia, as a light-blue ccystillme precipitate, wWch 
dissolves in a buiall quantity of w.-itci to .i light-blue liquid, becoming turbid when 
mixed with iiioro watei, or when heated (Eanimolsborg ) 

Sulphites of Osmluiu.— OsiHWM Siilpdute, Oa"SO’, is formed by treating aqueous 
osmic acid with sulphurous acid, and separates on mixing the solution willi sulphitto or 
ciirbonatp of sodium, and leaving it to evapovafo, or w.iiming it, as a blue jolly, which, 
w lulo moist, oxidises reuildv, with form.ation of sulphuiie acid, but, after dij mg, foims 
an .ilniosb unalfcriiblo powder of a dull black-blue colour It is insoluble in water, but 
dissolves easily in hydrochloric acid, forming an indigo-colourod solution without 
evolution of sulphurous oxide It is decomposed by potash at the boiling heat, and 
when boated by itself is resolved into .sulphide of osmium, osmie totroxide, and sid- 
phurous anhydride (plans, J pr Chein xc O.'i, Jalircsb 1803, p SOS') 

The salt, OaO.2S0® 6K01, is obtained by tieating the following compound with 
hydiochlorie acid it forms a bvowrn-red civstaUiiie 6.vlt, h<iviiig a sharp taste, and 
very soluble in water. (Claus, Ann Cli. Pluiiu Ixvii. 37S ) 

Osimo-potasste Sulphite, Os"H*iSO»)-.3E-.yOMH'0, or Os"K“E«(SO'')» 4H“0, is 
formed by heating osmio-potassic chloride with a solution of potassic sulpliito It is 
a light, white, or faintly ruse-red powder, consisting of small, soft, crystalline scales 
It IS very slightly soluble in water, and decomposes at 180°. (Claus, Ann Ch 
Pharm. Ixiii 355 ) 

Sulphites of Platinum.— a Tlatinio Sulphite, Pt'''(SO")* obtained by 
dissolving platjmc oxide in siilphiiroiis ncid, «nd gradual ov.ipor.ition, is a white gummy 
mass, soluble in water and in alcohol, and having a strong acul reaction When 
heated it is resolved into inetalbe platinum and sulphuric anhydride Prom a solution 
of auric ehluride it throws down metallic gold, the solution thou containing phitmio 
chloriJo and sulphuvie acid. It is not decomposed by sulphuric or by hydrooldorio 
aci d It forms double salts with sulphites of .ilkali-motal (Dobeioiuor') 

fi. PI ait nous Sulphite, Pt"SO*, is obtiiiiiod bypassing snlphnroiis oxide through 
water in wbieli platinoiis oxide is suspended On le.iviiig the liquid to itself w ith the 
vessel closed airbglit, the oxide gimdindly dissolves, forming a brown-green solution 
It forms colourless double salts with sulphites ot alk.di-metule 

A«/nOT!io-p/ati/imisSidy«iEc,(NH'‘)=Pt"(,SO“)'H-0,diseovpi'edbyLiebig and analysed 
bv Bocknianii, is prepared by reducing a solution of platinie chloride to platinoiis 
chloride with sulphurous acid, neutralising with ■ ' ilcohol, 

and crystnlbsing from water Forms long, il,it, - i water 

— Another iiinmonio-platiiiniis siilpliite, eontamii , , , d, as a 

white, bulky, crystalline precipitate, on mixing a modci.ately concentrated solution of 
ummonio-platiimns chloridp with neutral sulphite of ammonium. (J. L.iug, J pr. 
Chem. Ixxxm 416.) 

Polassio-platinous Sulphite, 2]v*Pt'\SO®V SIF^O, produced by heating potassio- 
plutinous chloride with acid sulphite of potassium, crystallises in imcroseopio six-suled 
prisms, having a faint straw-yellow colour, sparingly soluble in cold, easily m •warm 
water Theneiiti'ol solution is decomposed hy hydrochloric acid, only when he.ited, 
hydrate and carbonate of poLissium do not alter it, even w'lth aid of heat , carbonato 
of sodium throws down a white precijntate of the sodium double salt , o.iibonate of 
ammonium and sulphydne acid do not act upon it (Lung) Claus, by decomposing 
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platime cUoriJo with sulphite of potassium, obtained tlie salt (S0“)*.H’0, 

analogous to the osmiuni-salt above described. Lang was not able to piopaio tins salt 

Sodio-platinous Sulphite, Na'Pt’XSO*)-* 311*0, prepared by reducing platinieehlonds 
to pl.itmous chloride with sulphurous acid, aaturituig tbo hquid with sulphurous acid, 
.and exactly neutralising with sodie carbonate, is a bulky nearly eoloiirlcas pre- 
cipitato, whieli dries np to a wliite amorphous powder, acqiuriug a tinge of yellow 
when moi.stened It is sparingly solnblo in cold, more soluble in wnnn water, 
iiisuliible in alcohol From tbo aqueous solution it is precipitated unaltered by the 
chlorides of sodium, ammonium, and barium, and by mtrato of silver It gives otf its 
water of eiystallisation between 180° and 200'*, and may then bo heated to 240° with- 
out alteration, but at higher temperatures it becomes darker, and is completely 
docainpoaed at a red heat. The platinum in this salt cannot be detected by the 
ordinary reagents , but strong acids decompose the salt, eliminating sulphurous oxide, 
and converting it into the following compound By cyanide of potassium it is dissolved 
and converted into potassio-pUtinous cyanide. (Litton amd Sehuedermann, 
Ann Cli Fharm xlui 310 — Lang) 

Another sodio-platmous sulpbito, Na’Pt"(SO’)* H*0, is obtained by dissolving the 
preceding in dilute hydrochloric or sulphuric acid, and leaving the solution to ovaporats. 
It IB than deposited as a yellow powder, moderately soluble m water, and forming a 
slightly acid solution, from which it is precipitated by common salt In other respects 
It resembles the prec ” " ’ tten and Schnedermnnn.) 

Argtnio-plaUnom ' •, produced by mixing the corresponding 

potassium-salt with ■ . hite precipitate^ insoluble in water, easily 

soluble m ammonia. (Lang) 

Sulphites of Potassium. — The mvt) al salt, K*S0*.2H*0, is obtained by satu- 
rating a solution of the carbonate with sulplnirous acid, and evaporating over oil of 
idtriol, in large monoclinic octahedrons, somewhat deliquescent, very soluble in water, 
slightly soluble in alcohol, having a strong alkaline reaction and bitter taste When 
heated, it swells up, gives off sdphiirons oxide, and loaves sulphate of potassium, 
mixed with sulphide and hydrate. (Musprat.t.) 

The acid salt, KHSO*, is produced by supersaturating a warm and modoratoly con- 
centrated solution of tbo carbonate with sulphurous acid, and separates on coolpig, or 
oil addition of absolute alcohol, as a white mass of cijstaUiiio needles. The solution, 
jf left for several weeks m a stoppered bottle, deposits the salt in large rhombic pusms. 
It has a disagreeable sulphiirons aftertaste, a neutral reaction, gives off Bulphuroiis 
oxide eontinually on exposiu’e to the air, and is fluuUy converted into sulphate. Its 
solution, when evaporated, gives off sulphurous acid, leaving a mixture of acid and 
neutral salt, and after prolonged boiling, only the neutral salt ramaius (Muspratt, 
Eammelsbcrg ) 

An anhjdromlphte, K^O 2SO*, or K*SO*.SO*, is formed bypassing sulphurous oxide 
through a waim concentrated solution of the carbonate, till the offervcscence ceases and 
the liquid assumes a greenish colour. It is then deposited on cooling, in h.ird granu- 
lar crystals, which must be coUected on a filter, washed with alcohol, and dried 
between filter-paper. It dissolves veiy slowly in wutei, very slightly in alcohol, and 
not at all in ether, has a disagreeable saline teste, and is poimaiiont in the air 'When 
heated, it gives off sulphiu'ons oxide and siUphiU’, loaving a residue of potassio 
sulphate (Muspratt.) 

Sulphite of Khodlnm. See Ehodium (p 106). 

Sulphite of Kuthenluxu and Potassium, K*Eu"(SO*)* is produced, according 
to Claus, as a cream-coloured pulverulent preeipit.itc, hy hoiling potassio-mthenious 
cliioride witli sulphite of potassium By repeated solution and evaporation it may be 
obtained nearly white (Clans) 

Sulphite of Silver, Ag*SO’, is prepared by dissolving silver-oxide in sulphuroii? 
acid, or by precipitating a silver salt with an lUk.ibiio sulpbito or sulphurous acid , and 
IS deposited, according to the motlo of picpar.xtion, in small white sbmmg needles, or 
as a white precipitate resomblmg chloride of silver Tho salt is very slightly soluble in 
water, has a disagreeable taste, and, accoiding to Muspratt, acquires, on exposure to 
the air, a dark purple and ultimately black colour Accoidmg to Fourcroy, the ciys- 
tals are unalterable even in sunlight. It foi-ms double salts with alkaline sulphites 

Sulphites of Sodium. — The neuiial salt, lIa*SO*, is easily prepared by satu- 
rating a solution of the carbonate with snlphnrons acid, and .aiding to it, while warm, as 
much sodic carbonate as it oiigiiiallv contained The salt then separates on cooling in 
monoclinic erj stals containing Na-Sf )* 711*0 It is very soluble in water , the solution 
has an alk.iliiic reaction, and, when he,itetl, di posits a salt (piob.ibly .inhydroiis), ivlncli 
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di&iippeara again on cooling It dissohca slightly in aqueous alcohol At 150° it 
gn ea off the whole of its water, becoming white iind enamel-liko, and at a higher tem- 
perature molts to a yellowish red mass, from which alcohol extracts sulphide of sodium, 
le.iving sulphate (Bammelsherg) — Another hydrate, containing Na-SOM0H®O, is 
produced, according to Muspratt, hy saturating a solution of soilic caihonate with sul- 
phuioits acid till it ucquiies an acid reaction, and IcuTiiigit mer oil of vitriol. It then 
scp.irafos in large obhqiio prisms, which, on csposuia to the air, quickly effloresce, and 
me gradually converted into sulphate It bus a faint nlkulino leaclion and cooling 
sulphuroiiB taste (Muspratt). Specific grai'ity of the deculijdrated crystals - 1 661 
(Buignot, .Tahresh. 1861, p 16) — Vauquehn obtained the neutral sulphite with 8 at. 
water 

Acid sulphte, NaHSO® — A solution of sodic carbonate, supersaturated, while warm, 
with bulpliiirous acid, deposits this salt on cooling in smnU sluum^ prisms Alcohol 
piecipitatus it in the granular form It smells of sulphurous acid, has im acid re- 
action, an impleasant sulphurous taste, effloresces very easily in the air, and is finally 
converted into sulphate (Muspratt) Clark obtained an acid salt with 9 at water. 

Sodto-ammoHW suJpJiitc, Ifa*(NH'‘)II(SO’)'“ 8ffO, crystalhsea, according to Mangnac, 
in thin mouociiuic tablets 

Snlplilte of Strontium, Sr"SO“, is obtainod by double decomposition, as a white 
tustoloas powder, and in ci'vstaUino grams hy dissolving the precipitate in aqueous 
sulphurous acid, or by pnssing siUpliiirous oxide through water in which carbonate of 
stioiitniin IS Biispended (Muspratt) The crystals are flat recUngiilar plates, 
.icuininatod with two faces (E.iinmolshcrg). The salt is gradually converted into 
sulphate by exposure to the air 

Sulphite of Titanium is precipitated, according to Borthicr, on boiling a solution 
of titanic hydrate in bnlplrarons acid. 

Sulphites of Uranium. Uranic Sulphite, or Sulphite nf Uranyl, 
ITr'O'* SO- 3H-0 = (WO^rSO’ 3II-0, separates as a flocoulont precipitate, of a fine 
light-) ellow colour, on mixing the nitrate with sulphite of amnioimim, or on passing 
sulphurous oxido thiongh w ater in which uranic hydrate is suspended, It is permanent 
111 tlie .air at ordinary temperatures, but decomposes when lieatod, giving off sulphurous 
oxide, and leaving a blown residue, probably of urunoso-uranic oxide (Muspratt). 
According to Eeiiiele (Pogg Ann exxv 238), a solution of uiaiiic nitrate mixed with 
siilplnto of ammonium yields a lemon-yellow or sulphur yellow prreipiUte, consisting 
of (TJ'0*)"S0* 2H'0, mixed with v.iriahle quantities of urauate of ammonium , it is 
soluble in excess of ammoniiim-siilpliite, and somewhat soluble even in water Accord- 
mg to &irard (Compt rend xxxiv 22, Jahresb 1852, p 376), the salt obtained by 
passing sulpbiiroiis oxide tbroiigli w.iter in winch iiraiiie oxide is suspended, and 
leaving the solution to evaporate, contains (U’O’y'SO’ 4H-0. 

Uranous Sulphite — A basic salt, Ur"SO“ Ur''H-0’ H-0, is precipitated, with 
evolution of sulplmrous oxide, on imxiiig a solution of uranous eblonde with sulphite 
of sodium. Ith.13 a gi'oy-gioen colour, dissolves easily m acids, and, when heated, 
gives off siilpliraous oxide uud lo,ivcs nranoso-uramc oxide 

Sulphite of yttrium, Y’'SO*, is a white powder, msoluhle in water, slightly 
bciluUe 111 sulphurous acid Its solution, when evaporated, yields crystals of yttno snl- 
pliato (Berlin, Pugg, Ann xliii 10.5) 

Sulphite of Muo, Zn"SO'’ 2II*0 (according to Fordos and Gdhs), or 
2/n’’SO< 511 '0 (according to Earoiiielsliorg), crystallises, on evaporating a solution of 
zinc-c.iiIioii.ito 111 sulphurous acid, m small hp.u‘iugly soluble prisms having an uu- 
Jili iis.int .isiringout taste. It is precipitated from tho aqueous solution by alcohol or 
ether 111 needle-shaped cvyst.vls On exposure to the air, it is quickly converted into 
sulpimfc, and, when he.itod, gives off water and sulphurous oxide, leaving a residue of 
enlphato, sulphide, .niJ oxide of zinc 

An acid sulphite of cinc-aimnonimn, (sO’, is obtained in eryst.iUine crusts 

by dissolvnig zinc-sulphite in warm aqueous ammonia, and evaporating at a gentle 
Iient. It einolls oi ammonia, and is decomposed hy water, which dissolves out sul- 
phite of luiiinoiimin (Eiimmelsliorg ) 

Sulphite of Xlroonlnm is a white powder, insoluble in water, somewhat soluble 
in siilphiu'ous acid, and prccipit.ited from tho solution by boiling. (Berthier ) 
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AleohoUc Sulphttes. Sulphurous Ethers. 

T1i 6 two atoms of hydrogen in the molecule of sulphurous acid, | O’, may be 
partly or wholly replaced by monatomic alcohol-radicles, giving rise to acid and neutral 
BulphurouB ethers, represented by the general formulse . 



The acid ethers may also be regarded as compounds of snlphuric anhydride with 
hydrocarbons containing oven numbers of hydrogen-atoms, and are sometimes designated 
as sulpho-aeida, 6,^. : 

PhenylsulphurouB acid, = G’n’-SO", Siilphobonzohc acid. 

No neutral sulphurous others are at present known of the form | O’, but there 
is a group of acid ethers, derived from a double molecule of sulphurous 

acid, ffS’O®, by substitution of a diatomic alcohol-radicle for half the hydrogen. 
These are the so-called disulpho-acids, which may also be formulated as compounds 
of hydrocarbon with 2 at. SO", e g • 

Phenylene-siilphurous acid, (C*H’)"lo'‘ = OfS* 2SO*, Disulphobenzolio acid 


The acid sulphurous others of the monatomic alcohol-radicles, homo- 

logous with ethyl, are produced by the action of oxidising agents, especially of nitric 
acid, on the sulphides, sulphydrates, and sulphocyanntes of the corresponding; radicles , 
methylsulphurous acid also, by electrolytic reduction of its ehloriimtod derivatives 
(p 666) , these ethers do not appear to be formed by the action of sulpbimous acid 
on the oon'esponding alcohols 

The acid sulphurous ethers of other alcohol-radicles (phenyl, naphthyl, &c ) are pro- 
duced by the action of strong sulphuric acid on the corresponding hydrocarbons con- 
taining even numbers of hydrogen-atoms, c g : 

COT + H’SO< = H’O + (COT)HSO''. 

Cemone Phcnvisulphurous 

All these ethers are monobasic acids, forming well-defined crystaUine salts. The 
potassium-salts of phenylsulphurous and bcnsylsiilpburous acid are decomposed by 
fusion with excess of potassw hydrate, yielding sulphate of potassium and the corre- 
sponding alcohols, phenol and cresol, e g, . 

|OOT)KSO» + KHO = K’SO» + (CH^HO. 

The salts of aE the acid sulphurous others are converted by pontaohloride of phos- 
phorus into chlorides derived from the aeid ethers by substitution of oblorino for 
hydroxyl, e.g. 

Etbylsulpburous acid ... .SO GOTO HO. 

Etbylsulpburous chloride SO GOTO Cl. 

These chlonno-compounds, when enclosed in sealed tubes, gradually resolve thom- 
selvos into a chloride of the alcohol-radicle, KCl, and sulphurous oxide, SO’ , whon 
heated with pentaehloride of phosphorus, they are decomposed according to the general 

EClSO’ + PC1» = SOON + ECl + POCl’ 

They are converted by caustic potash into the original acid etliors, by ammonia 
into amides ; by alcohols into the corresponding neutral ethers, e g. 




COTOISO + (OOT)HO 

EthyJsulphuroUB 

COTOISO’ + (CH»)HO 

Ethyltulphurous 


HCl + (COT)’SO»; 
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TliP noutrj,! sulpliuron^ ethers of the alcohol-radicles C“E="-''' are also produced 
by the action ot nicnhols on disulphide of chlonno (see page 635), or on sidphurous 
chloride , in the kuor case, according to the general equation- 

SOCl' + 2(C"H'"+‘1H0 =. 2HCI -t (C"H»'’+>)«SO=. 

Thoan neutral etiiors aro resolved by caustic alkalis into tho corresponding alcohols 
and a sulphito of ulkuli-metal, eg. • 

(C=n»/SO» + 2KHO = 2(C’H»)H0 + K’SO”. 

But the neutral sulphurons ethers of other alcohol-radicles (phenyl, naphthyl, &o.) 
exhibit a diffeient reaction with alkalis ; othylie naphthylsiilplnte for example, when 
tifiited withpotnsh, yields, not sulphite, hut naphthylsulphite ot potassium. (Ourius, 
Aun Ch. Phiiini. cxir. 140; Jahresb 1860, p. 421) 

The aeid sulphurous others of diatomic alcohol-radicles— the so- 
called ill s 11 Ipho -acids, are obtained in some cases by the action of strong sulphuric 
acid upon hydiocarbons thus, miplithylono-siilphurous or disulplionaphthalio acid, 
Ciogsg-'o", 18 produced in sm.vll quantity, together with naphthylsulphurous acid, by 
the action of sulphuric acid on naphthalene More frequently, however, they are pro- 
duced by the action of fuming sulphuno acid on tho cyanides of the alcohol-radiolos 
(nitnies), (or on tho corresponding amides, which differ therefrom by addition of 1 at 
H'O) thus phcnylic cyanide or beazomtvile, treated with fuming sulphuric acid, yields 
phonylencanlphurous or disulphobenzolio acid . 

C’H^N + 3H'SO' = C»II»S“0» + {NH<)HSO' + 00* 

T'ae tormation of elhyleno-snlpliurous acid, and its homologuos, may be represented 
liy tlic general equation 

+ 3H*SO» 1= (C°H-’”)H*S»0« + (NH')HSO* + CO*. 

Tliey are also produced by the oxidation of the sulphocarbonates of diatomic alcohol- 
ratlicks , eg , ethylene-snlphnrons acid, (C*H'')H'S*0'', by the action of nitno acid on 
cttolcnic d'lsulphocnrbonato or tnsulphocarhonato (p 602) 

These oiliors are dibasic acids, foiming acid and neutral salts. 


I. Sulphnrotts Ethers containing Slonctiomw AlcohoUradklcs. 


.&niyl8uIphurou» Acid, C*H'*SO» 




rathewohl, J pr Cbom xxxiv 447 —0 Henry, Jim., Ann Oh Phys [3],xxy 248 — 
Medloek, Ann Ch. Pharm. Ixix. 225 ) — This acid is produced hy the .action of nitric 
acid on the snlphydrate, disulplndo, and anlphocyiui.ite of amyl When amyl-mer- 
captan IS added by small portions to gently heated nitric acid of specific parity 1 25, 
too layers of liquid are obtained, tho upper of whicli is oily, and of variable oompo- 
BitioTi— the lower watery, and consisting of amylsulpburons acid mixed witli nitric acid , 
and on evupoMtmg tho latter over the water-bath till tlio odour of nitrous acid js no 
lunger perceptible, a tliick colourless syrup is loft, consisting of impure amylsulphurous 
.leni This product may be used to prepare most of the ainylsulphites, inasmiicli as on 
tie.iting the icsiilting salts with boiling iileoW, tho iimylsulptiito dissolves, while the 
small quantity of sulphate with 11111011 it is mixed remiiiiis behind. 

The pnio acid is obt.uned by decomposing the lead-salt with snlphuretted hydrogen, 
and ev.ipiiiating tho filtrate, as a very acid syrup, having a peculiar odour According 
to OiTatlienuhl, it does not crysklhso even in a vacuum over oil of vitriol. Medloek, 
lion ever, obt.»nied it as a deliquescent crystalline mass 

'I'he iiiiiylsuiphites of ainnwnium, patassium, .and calcnm, crystallise in colourless 
l.imin.c, in-oliible in water and in alcohol. — The iai-wm-sa/i, C"’H**Bu"S*0“, forms 
ir.uispiient unctuous scales, which gyrate upon water like amyluulphate or bntyiate 
of baiiiim It Imriis in rather strong heat without decomposing — The copper-suit 
forms hliiisli-gn'en tables , the lead-salt, C‘"H*-Pb''S*0‘', coloiuless laminoe containing 
w.iter of ery3talhs.itinn, which they give off at 120° — ^The stiver-salt, C*H"AgSO®, crys- 
tillises fiom a moderately concentrated solution in very fine colourless rhombic plates. 

l)iAMTi/ic or Nsutkai, AMiUic Sulphitb, (C*H")*S0'. (Garins, Ann, 
Ch PbuiTO oil, 201, CXI 97, Jahresb IS08, p 26; 1869, p 88.)— Produced by the 
action of disulphide of dilovine or sulphurous chloride, (SOCP), on amylic alcohol, the 
decomposition in both e.i6os being similar to thatwhieb takes place in the preparation 
of othylie sulphite (p 564) Tho second process is tho easier of the two ; 1 at, sul- 
phurous elilouidi being .ulded to 2 at amybe alcohol, and the resulting bquid freed 
from hydi'ochlr.rio ai id by ji.tssmg a .stream ot c.irbonic dioxide tiu'ough it 

Amylie sulphite thus pippiired is a ne.ii ly colourless oily liquid, smelling like amylic 
alcohol and ctiijlic sulphite, giving off sulpluirous acid on exposure to moist oir, and 
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Bcqumiig a rod or brown colour It i6 decomposed by water, and more quickly by 
aqueous alkalis, into amyleul^hurous acid and amylic alcohol. "Wlien heated above 
160° in contact with the air, it begins to decompose into amylic alcohol and sulphurous 
oxido , hut in an indifferent gas, it may, for the most pait, he distilled without decom- 
position at 230°— 280. 


Benzylsulpnurous Aold,*t C’H'SO’ = C'H’ |0» Toluenylsulphvrous, Sul- 

fhoiohic, Sidphotohunic, Sidj)htben:ykc,ox Sulphobemocmc Acid (H Devi lie, Ann. 
Ch Phys. [3], m, 172 ) — Produced by the action of fuming sulphuric acid on toluene 
(benzylie hydride, i 673),t and purified by conversion into a lead-salt, separation by 
sulpbydrie acid, and concentration in a vacuum Itevj'atallisBs in small very dehquescent 

Bemylsulphite of ammonium crystallises in small stars; the potass%um-mlt in very 
soluble anhydrous laminae , the banum-sali, C”H''Ba''S'‘0", in crystalline scales very 
soluble in water, but not deliquescent — The lead-salt is very soluble. 

The benaylsiilphites do not precipitate argentic or cnpric nitrate. 

Camenylaulphuroaa B.cld, C"H'“SO* <=> C’H"|o®. (SidpAowntenmAriif. (Q-er- 


liardt and Oahours, Ann. Ch. Phys [3], i. 87 )— Prepared by adding about 1 pt of 
cumene to 2 pts fuming sulpburio acid, and agitating tiU the whole is dissolved — 'Cfae 
barium-salt, C'*H*’Ba“S'0“, obtained by saturating the acid solution with carbonate of 
barium, crystallises in a mass of nacreous very brilbant lammae, resembling fish-scales 
1 ts solution 13 not decomposed by boihng, and does not precipitate the solution of 
calcic chloride, plumbic aootats, mercuric chloride, cnpric chloride, nickel-chlonde, or 
bismuth-ohloride. 


Bthylsulpburous Ethers, — Three of these compounds are known • vis , ethyl- 
sulphurous aoid, produced by the action of oxidising agents on sulphydrato and 
sulphocyanate of ethyl ; — ethylsulphurous chloride, by the action of phosphoric 
oxychloride on metallic ethylsulphites , — aud neutral ebhylic sulphite, by the 
.lotion of alcohol on disulphide of chlorine, sulphurous chloride, or ethylsulpliuroua 
chloride. 

Etuvlsulphubotis Acip, C’H“S0> = (C'H“)HSO'' Sulphetfiolie Add. 
Hyposulphdliyhc Actd (Lowigiind Woidmunn, Pogg. Ann. xlvii. 163 ; xlix. 329 — 
ICopp, Ann Ch. Pharm xxxv 316— Mu sprat t, Chem Soe Qu J in 18, Compt. 
Cbim 1818, p 10 )— This acid is produced — 1. By the prolonged action of uitrio 
acid (specific gravity = 1 23) on merenptan The resulting liquid is evaporated, 
diluted Mith Water, neutralised with carbonate of lead, filtered, and eonoentrstod, 
the lead-salt, after crystallisation, is decomposed by siilphydrio acid , and the filtrate 
conoentrated by evaporation — 2. By the action of modei.itoly dilute nitrio acid on 
cthylio sulphocyanate The hquid is eohobatodfive or six times, tlien evaporated to a 
syrup, wh.oli after dilution is saturated with carbonate of barium ; and the bnriuni- 
salt thus obtained is decomposed by snlphune acid In both modes of preparation 
sulphuric acid is formed as well us otliylsiilphnrous acid, and in gre.itor quantity as 
the nitric acid is more concentrated — 3. By treating etliylic sulpliooyunute with a 
mixture of hydroclilorio acid and potassic chlorate 

Ethylsulphurous acid concentrated by evaporation forms a heavy oil, of specific 
gravity 1 30, in which limpid crystals gradually form, ospeci.illy at low temperatures. 
It has no smell, hut a vary sour t.aste, with diaugroaiible afteiUsto, like that of phos- 
pliorelted hydrogen It dissolves in all proportions in water and in alcohol, and 
absorbs moisture Irom the air It bears a rather high ti-nipoivituro without decompo- 
sition, blit if Very strongly boated, gives off snlphune acid and sulphurous unbydndo 
Bused wnli h/diate of potaniuin, it yields a product from winch hydrochloric or sul- 
phuric acid eliminates ii laige quantity of sulphurous acid 

The ethylsulphites, 0-II'’MSO“, aro soluble in water and in alcohol, and h.ivo 
a diSiigieeaiilii taste, like that of the acid. They decompose when si roiigly heated, 
turning bj.ick, giving off siilphuroua anhydride, together witli fetid sulphurous vapours, 
which burn with a violent flame, and leaving a e.irbonaeeous residue containing 
niatalho sulphide and sulphate — The animonntni-saJl erystallises in voiy deliquescont 
tablets — The potassmm-salt, C^H'’KSO’ (at 120°) forms lamellar, opaque, deliqiichcont 
crystals, sparingly soluble in cold, more soluble in boiling alcohol It gives off 6 76 
percent water at 120°, and decomposes at a higlnr tcmperatuie — Iho sodiian-uiH. 
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C’H‘lTaS0“jcIl-0, forms deliquescent crystals, exhititing similar characters. — The 
banim-salt, G'H'“Ba"S'0“ H’O, is extremely soluble, but may be obtained in flue 
rhomboidal piusBis by slow evaporatiou of u very concentrated solution. It gives off 
Its Viator at 100®, dissolves very easily in hydrated alcohol, but is insoluble in absolute 
alcohol, which precipitates it from a strong aqueous solution in silky needles —The 
C*ll'"G.i''S®0“ (at 100°), forma limpid cry-stnla resombliig the barimn- 
s.ilt, very soluble in water and in alcohol — The maqnemim-aalt crystiilli,ses by cooling 
in hydrated pinams,— The ctipnc salt, G*H'"Cu'WO“ foims light-blue prisms, 

becoming anhydrous at 120° — The ferrous salt, fornicd by dissolving metallic iron lu 
a boiling concentrated solution of the acid, eiystallisea on cooling in colouiless prisms 
— The manganese-salt forma colourloss needles. — The lead-salt, C‘H"’Pb"S®0‘' (at 
100°), oryataUisos from a hot coucentiated solution in fine colonvless plates — The 
silver-salt, obtained by saturating the boiling aqueous acid with carbonate of silver, 
forms colourless hammee. — The zinc-salt forms colourless dendritic crystals, efflorescing 
III dry air, but absorbing moisture in damp air The crystallised salt melts when 
heated, and aobthfles in a crystalhne mass on cooling It gives off 8 72 per cent. (2 
at.) water at 120°, and 22'96 per cent. (3 at ) more at 180° 

ETHU,3ui.i>au»ousCHi,oinDB, C'lPClSO’ (GerhardtandChanoehCompt. 
rend xxxv. 691 )— This compound, derived from ethylsulphiirous acid by substitution 
of 01 for HO, is easily obtained by distilling ctUylsulphito of sodium with excess of 
phosphoric oxychlovido. It is a colourless, slightly fumuig liquid, insoluble in wafer, very 
soluble in alcohol, having a specific gravity of 1 367 at 22 5°, and boiling at 171°. 
Caustic potash converts it into a mixteo of potassic chloride and ethylsulplute (Ger- 
hardt and Oh.iucel) — When kcpit in a scaled tube, it is gradually resolved into 
ethyho chloride and sidphurous anhydride Heated witli pentachloriie of phosphorus 
to 120° in a sealed tube, it yields aiilphuious chloride, etliylic obloride, and phosphoric 
oxychloride; 

C=H»ClSO» -r PCI' = SOOP + C-H»C1 + POOP. 

Mcohol converts it into neutral ethylie sulphite. (Ojarius ) 

Dietutlio Sulveite, (C'H*)°SO*. Neutial Ethglic Sulphite Sulphurous Ether. 
(Ebolmen and Bouquet, ilmn Oh. Pliys [3], sni 66 — 0 anus, Ann Oh. Pharm. 
evi 291 ; cxi. 93 , Jahtesh. 1868, p. 91 , 1859, p. 87 ) — This ether is produced — 

1. By the action of absolute alcohol ou chsulphidoof chlorine Acoording to Ounus, 
the first products ate sulphurous clilorido and otliylio sulphydrate 
S^CP + C’H’O - SOCP + C“H“S; 

and these, by their mutual action, produce ethyho sulphite, together with ethylie chloride, 
hydrooblorio acid, and free sulphui' 

3S0® -(• 4(C’ff)HS =. (C°H»)sSO* + 2CPH*01 + 4H01 + S». 

Tile alcohol is to be added in excess to the sulphide of chlorine (Oaniis) , the liquid 
filtered from the precipitated sulphur is distilled , and the portion which goes over, 
between 160° and 170°, is collected apart. (Ebclman and Bouquet.) 

2. By the action of eiUphurons chloride on alcohol • 

SOOP + 2(C*H°)HO = 2HC1 + (C»H'>)=SO» 

The alcohol must bo perfectly anhydrous, and added by drops to the sulphurous 
chloride ; but the result is not affected hy the proportions in which the two substances 
are ultimately mixed. (0 ar i u s ) 

3. By the action of absolute alcohol on ethylsulphurous chloride (Oarius) : 

ffffClSO’ + (CPH=)HO = HOI -e (C’H“)“SO’. 

Ethylie sulphite is a limpid colourless liquid, having an odour somewhat like that 
of mint. Boiling-point 160°. Specific gravity of liquid = 1 086 at 16° ; of vapour 
= 4 78 It dissolves in all proportions in alcohol and ether ■, water precipitates it 
from the solutions, and gradually decomposes it — Chlorine attacks it strongly, and in 
bright sunshine forms crystals of tnchlondo of carbon, C’Cl", together with a strongly 
fuming liquid containing tnehloracetic chloride and chloride of aulphuryl (^Ebelmen 
and Bouquet). — By aqueous oIl-aAx or alhaliue carhonates, A is quickly decomposed 
into alcohol and an idkalino sulphite. On adding to a dilute solution of the ether in 
anhydrous alcohol, ii quantity of a solution o( potassic hydrate in absolute alcohol, not 
sufficient to decompose it completely, a precipitate is formed, consisting of potassic 
ethylsnlphite Wlien its aieohohe solution is saturated witlidry ammoma-gas, and 
heated to 120 — 140° m a sealed tube, laminar crystals of neutral ammonium-sidphita 
separate on slow cooling, and tho liquid separated therefrom contains ethylamine' 
(C=H‘)'SO“ 4 INW - (NHi)W I 2(C'ff)H“N. 
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If the alcoholio solution be saturated with ethi/lamtne instead of ammonia, the pro- 
ducts are diethylamine and sulphite of ethylamine (Carius ) — Ethylvi sulphite is 
stiongly attached hy pentavhlonde of phospTuirm, yielding sulphurous chloride, phos- 
phoric oxychloride, and ethyho chloride (Oarius). 

(C'‘H“)’SO» + 2PCP = SOCP + 2C»H''C1 + 2P001*. 

ETHTnAMiiio SnnpHiTB, C’H"'SO'‘ ■= Qag°,|S0’. (Carina, /oo.cit.)— Produced 
by the action of ethylsulphm'ous chloride on amylate of sodium ■ 

0''H“C1SO= + 0>H"hraO = NaCl + (G“H»)(G»H")SO«. 

Ethyl sulphurous chloride is added to amyhc alcohol containing an equivalent quantity 
of sodium in solution, and the liquid separated from the precipitated chloride of 
sodium IS freed from excess of amyhc alcohol hy passing a stream of carbonic di- 
oxide through it. 

The compound may also bo formed hy heating ethylsulphurons chloride with 
amylio alcohol in a sealed tube to 120°, but tlie hydrochloric acid formed in the 
reaction arts on another portion of the amylio alcohol, and the water thereby produced 
decomposes the greater part of the double ether 

Ethylamylio sulphite is a faintly yellowish oily liquid, boiling with partial decom- 
position between 210° and 225°, and resembling amylio sulphite in all its reactions. 

laetbylsinpliurous Etbers. — ^Thero are three compounds of this group, cor- 
responding exactly to the othylsnlphurous others yjz , methylsulphurous acid, methyl- 
sulphurous ohloride, and neutral methylio sulphite ; also a msthylethybc sulphite. 

MBTnYisTTLPHTJBOus AciD, CH'SO* = (CH.“)HSO'' SulpTiometholic, Methyl- 
ditkouw, 01' Sidpho'methylsulyih.nnc Acid (Kolho, Ann. Gh Pharm hr 174 — Mus- 
pratt, tbtd Ixy. 751 ; Chem. Soe Qu J. iii 22 )— This acid, discovered by Kolbe m 
1845, together with its three chlorinated derivatives, dPOlSO", Cn’01'‘S0“, and 
CHCPSO*, IS produced 1 By the electrolytic reduction of either of these chlorinated 
acids , 2. By the action of nitrio acid on sulphooyaiiate or disulphide of methyl, tlio 
operation being conducted in the same munnei us for the preparation of othylsulphurous 
acid (p 653) (Muspratt) 

Frepaiatwn f '' n • < i Acid —1 A perfectly neutral solu- 
tion of potassio - IS decomposed by the oiurent of a 

two-piim Bunsen’s battery, the electrodes being formed of amalgamated zinc Tlio 
reduction takes place at first with gi oat rise of teinpcraturo, but quietly, no hydrogen 
being evolved at the negative pole till nearly the whole of tho triehloromethjlsulphite 
IB converted into methylsulphito After an hour’s action of the battery, the liquid 
becomes so much ehtirgsd with chloride of zinc, that zino is deposited at the negative 
polo. The zinc is then precipitated hy carbonate of potassium at the boiling heat ; 
the filtrate evaporated to its former bulk, and tho current again made to act upon it, 
till tho (quantity of carbonate of zinc (resulting from precipitation of tbe chloride of 
zinc, as it forms, by the excess of potassie eacbonate) increases to such an amount, that 
zinc is reduced at the negative pole The solution is then again precipitated by carbon- 
ate of potassium, and tho process repeated The evolution of hydrogen at the negative 
polo does not begin till 64 pts. of zinc (to 100 pts of CGl“KSO-*) have been dissolved 
at the positive polo The liquid, in addition to methylsulphite, contauis chloromethyl- 
eulphite, and a very large quontity of chloride of potassium It must, therefore, bo 
evaporatad to dryness , the residue boiled with aleuliol of 80 pec cent., flltovcd from 
the chloride of potassium, which for the most part remains undisaolved , tho alcohol 
distilled oif , and the residue, after being diluted with water and mixed with car- 
bonate of potassium, again subjected to the action of the current till tho evolution of 
hydrogen becomes very brisk This g.ilvanic decomposition (for 70 giamniaa of tri- 
clilororaethylsulpliite) occupies altogether about ten hoiu's — 2 An amalgam of 1 pt. 
potassium and 100 pts. mercury is immersod m the aqueous solution of potassie tri- 
clilororaethylsulphite Great heat is then evolved, and methylsulphite of potassium is 
formed, together with hydiate and chloride : 

CGl-KSO* H- 3H-0 + K“ = CH'‘KSO» s- 3KG1 + 3KHO. 

No hydrogen is evolved till tho transformation is complete 

Methylsulpliiirous acid is extracted from its potassium-salt m tho same manner .is 
the corresponding chlorinated acids (p 667). It forms a thick inodorous liquid, whicli 
bears without decomposition a temperature above 300°. It is a strong acid, and forms 
well-defined salts 

The methyl sulphites arc soluhlo in water, and cry stalli sable, they are dccom- 
po.sed by calciimtion into metallic sulphide, charcoal, carbonic ovule, and felid g.iscous 
products oontniuiiig sulpliim. 
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The amemniwm-saU forms long deliquescent prisms — Tihe ])oiassinm-saH, CII“KSO® 
(at 100°), crystallises ftom solution m boiling alcohol of 90 per cent , in a thick pulp 
of mterlaced needles. It becomes moist lu the uir, hut does not deliquesce , its 
aqueous solution is neutral to test-papers. — An ocuf sal(, CH®ESO“,CH'SO“ (at 100°), 
IS obtained by leimng a solution of the neutral salt in niothylsulphurous acid to 
evaporate in a vacuum over ml of vitriol. It forms deliquescent qiudrilatiirsl prisms, 
which strongly redden litmus. 

Tho barmm-ialt, CWBa'S’O® (at 100®), forms rhombic transparent tablets, per- 
niiineiit in tlio air, it la precipitated from its aqueous solution by alcohol in shrning 
slciidor needles — The oitpric salt, C!yi''Gu"S’0“.51I'0, forms beautiful very soluble 
crjst.ils— The lead-salt, C-H“Pb"S'-0“ H-O, obtained by nentralisiiig metliylsiilphui'ous 
aeid with carbonate of load, erystaUiaes in Inigo rhoniboidal prisms, which are per- 
manent in the air, and give off their water of crj stallisatinn at 100°.— A haste lead-salt, 
G*H"J?b"S“0“ 2l’b"0 (at 100°\ is obtained by boiling the neutral salt with oxide of 
load, and evaporating in a vacunm, as a white amorphous mass, the solution of which 
IS precipitated by carbonic acid. 

The silver-salt, CH^AgSO®, crystallises readily in thin anhydrous laminiB, having au 
aeid reaction and sweetish taste, and not very easily altered by exposure to light , the 
solution may be evaporated by heat without decomposition 

MBTHVi.stix.PEuiions CsmoBinn, CH’OISO’. (Oarius, Ann Oh. Pharm. ciiv, 
liO; Jahresh 1860, p. 422 ) — ^Prepared by heating methjlsulphurous acid with twice 
Its weight of phosphoiie pentachlonde, adding a little more of the latter, and isolating 
by fractional distillation the poitionof the product which boils between 160® and 183°. 
"When freshly prepared it is a colom-loss liquid, having an odoiu' like that of neutral 
ethylio sulphite, bub likewise sharp, and exciting sneezing. It fumes slightly in tlie 
air, sinks in water, and is slowly decomposed thereby, jtolding bydroohlorie and 
niethylsulphnrous acid, • 

DiMETaxuo or Nevtua-i. METHTUto StrLFHiTE,(CH’)°SO’, (Oarins, Ann. 
Ch. Pharm. ci. 200 ; cxi 93 ; Jahresb. 1889, p 86.) — Produced by tiie action of methylio 
alcohol on disulphide of chlorine or on sulphurous chlorido, also by that of mothyho 
alcohol on metliylsulphuroue chloride, the reactions being exactly similar to those by 
which ethyhc sulphite is obtained (p. 664). 

It IS aeolonrless liquid, boiling at 121'6®, iindera barometric pressure of 766 4 inm. 
Speeiflo gravity of liquid = 1 0466 at 16 2° (compared with that of water at 4° as 
unity), of vapour, obs ■» 3 665 to 3 703 ; calc. = 3 796 Wlien not decomposed by 
exposure to moist air, it has an agreeable odour resembling that of ethylio sulphate 

It dissolves in all proportions in alcohol and ether , slightly in water, with ovolu. 
tion of sulphurous oxide and fotm.ition of methyhe alcohol ; and reacts with alkalis, 
ammonia, and pentachlonde of phosphorne, exactly like othylic sulphite 

M:B'rHTi,ETHTiic SnupHiTB, 0’H‘SO^ = (CH’)(0'‘ff)SO'' (Oaniis, Ann Oh. 
Pharm. cxi. 93, Jahresb 1859, p 88) — ^Produced by the action of etliylsulpliuroiis 
chloride on methylate of sodinm, the mode of preparation being similar to rliat of 
ctJiyhimylic snlphite (p 654) It is a coloiu'less fragrant liquid, which, on exposure to 
the air, takes np water and gives off sulphurous acid. Boiling-point 140° to HI 5° 
Speoiile gravity of the hquid = P0676 at 18° (wnlor at4° = 1), of the vapour »= 
4 3015. Its reactions ore similar to those of ethyhc and methyhe eulpluto 

Chlorinated Methylsulphurous Acids. 

Three ehlonnated acids are known, derived from motliyhiilphuroiis aeid by the sub- 
stitution of one, two, and three atoms of chlorine for hydrogen. 

GHi.onoMETiivi.auLnHuaotJs Acin, GH’CISO" = (CffCl)HSO*. CUoro- 
mclhi/ldithionie Acid, CUordayl-h/jiosidjihuno And (Kolbo, Ann Ch. Pharm liv 
174 )— Produced by tlie partial dechlorination of diohloromethylsulphurous acid, by 
iiieiui.s of the electric current. To prepare it, the aqueous solution of potassic dichluro- 
iiiethylsnlphito, CHKGISO'* (p. 667), is mixed with sulphuric acid, and digested with 
zme till saturated therewith . The solution is then left to cool, and decanted from tho 
crystallised zincato of potassium , the rest of the zinc is tbiwn down from it by boihiig 
with eaihonate of potassium , the dltrato is evapoiated, and the residue pounded and 
boiled with alcohol of 80 per cent. On evaporation, ehlororaothylsulphiteof potassium 
is obtained, mixed however with a eonsidcvnble quantity of uiiuitered dichlorometliyl- 
Bulplnte It must therefore be iigdin treated, as above, with sulphuric acid and zinc ; 
and on subsequent treatment with alcohol, but little of the latter salt will remain. 
To convert tins portion likewise, the aqueous solution of the residue, n adulated with 
a small quantity of sulphuric ncid. is exposed to the action of two elements of Bun- 
sen’s zinc-carbon battery— the cujrent being conducted into the solution bj two 
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amalgamated zinc-plates— till tlio evolution of hydrogen at the negative polo ceaaos, 
and zinc is deposited upon it The zinc is then precipitated from the solution by 
carbonate of potassium , the filtrate acidulated with sulphuric acid and again exposed to 
the electric current , the solution again precipitated with carbonate of potassium , aud 
these operations repeated three or four tiinea, till the whole of the salt is eonveited 
into OCIH^KSO’ — ^that is to say, till the salt, when ignited, no longer gives off hydio- 
elilorio acid, inasmuch as this acid is evolved from the diehlorinated hut not from 
the monoolilorinated salt To ascertain whether the conversion is complete, a sample 
of the solution is evaporated to dryness, and exhausted by hoUing with absolute 
alcohol , the crystals, which separate from the alcoholic solution on cooling, are dried 
and heated in a test-tube , and the condensed drops are mixed with solution of silvei 
There is no method of separating the two salts Kie liquid snbjectcd to tho action of 
the current must always contain flee sulphuric acid, otherwise the chlorometliylsul- 
pliito will be further converted into methylsnlphito As soon ns the dichloromethyl- 
sidphite has completely disappeared, the liquid is treated with carbonate of potassium 
to precipitate the zinc , the filtrate evaporated to dryness , tho residual muss boded 
vith alcohol of 80 per cent, which leases behind tho sulphate, and the greater part 
of the chloride of potassmm ; the potassinm is precipitated from the alcoholic filtrate 
by sulphuric acid in slight excess, tlie filtrate evaporated till tho boilnig-point rises to 
130°, and all the hydrochloric acid is expelled , tho viscid residue diluted with w.iter, 
the solution saturated with carbonate of lead, and filtered from the insoluble sulph.ile 
of lead ; and the filtrate, freed from load by sulpliurottod hydiogen, is again filtei ed, and 
concentrated by evaporation. The residue is the concentrated aqueous acid, CII”C1S0“ 
ChloTomethylsulphnrous acid is a thickisli liquid, syrupy at 16° , strongly acid , 
yields no crystals , sustains a heat of liO° without decomposition 

The ohloromethylsiilphites aro all soluble m watoi, and most of thorn arc 
crystallisahle ~Ts\s airmonxam-salt crystallises, by slow evaporation, ui deliqiioseciit 
prisms — The jiotassiiim-sizW, CH’KClSO®, crystallises in needles Iiom a hot saturated 
solution in alcohol of 96 per cent., the liquid thereby becoming somi-solid. Tho 
needles pressed between paper, and dried at 106°, lu-e anhydrous , nt a rod licat, they 
give off water and sulpbui’ons oxide, with a trace of sulphur, aud lo.ivo chloiido fif 
potassium much blackened by charcoal 

CH»KCISO» = KOI -t- C -t H^O -r SO^ 

Tho salt becomes moist in tho air, but does not deliquesco. It does not dissolve in 
absolute alcohol 

The Bodmm-salt crystallises from boiling alcohol of 96 per cent, in noodles united 
in stellate groups, and deliquescent in the air — The banum-salt forma small rliomliic 
tables, which redden litmus taiutly, and have a cooling sal no tasto 
Lead-salt, C“H*Pb"0FS-0* (at 100°). — The aqueous aeitl saturated with earlioiuito of 
lead, and evaporated over oil of vitriol, yields delicate silky noodles, united in tufts 
After being pressed between paper and dried over oil of vitnol, thoy appear dull and 
■opaque, and retain 8 7 per cent (1 at ) water, which escapes at 160° — ^Tlio salt dis- 
solves very readily in water, forming a solution which reddens litmus, aud tastes swoi t 
at first, hut aftenrards astringent 

The solution boiled with lead-oxide yields an alkaline filtrate, which deposits car- 
bonate of lead on exposure to the air. » 

'Silvei-salt — The saturated solution’of carbonate of silver in the aqueous aoid, 
evaporated over oil of vitnol tn vacm and m tho dark, leaves a pale-yellow viseid 
liquid, which with difficulty yields small crystals, h.iving a slight acid reaction, a 
sweetish and disagreeably metallic taste, and very sensitive to light aud heat 
DianionoMETUTi,STri,PHunotrs Acin, CH=Cl‘SO» = (CITCl«)irSO’ IhMoro- 
methyldiihionio os Chhrofu)myl-hiposulf hiirav.s Acid (Kulbo, loc eit ) — Tine acid is 
obtained'— 1 As a zmo-salt, by dissolving zinc in tneliloromet hylsnlphuroua aeid 
SCriCPSOs -t Zn‘ = C“H“01'‘Zn"S”O“ + Zu"CK 
Tile zinc IB precipitated from tho resulting solution by carhouato of potassium ; tho 
blti'ate evaporated to dryness ; and the residue is boilecf with alcohol of 90 por cent . 
the solution, as it cools, deposits crystals of ;potassic dichloroinotliylsulplnto 

2. More easily, as a potassium-salt, by boiling dicUloromethylaulpliurouB chloridow 
CHOPSO^p, 659), with potash. •' & ^1 

CHCPSO^ -t- KHO = CHCPKSO" + BCL 
The excess of potash is neutralised with carbonic acid , tho liquid evaporated to dry- 
ness ; aud the dichlorometliylsulphite of potassium is eep.aratod from chloride of poLaa- 
siuiii by boiling .spirit (as in the first method), and furthor purified by recry stalliBation 
liom uater, till it no lunger gives a cloud with nitrate of silvor. 
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To obtiun the aciil from the potasbiiuu-salt, the dleoholic solution of this salt is mixed 
with sulphuric ttCid, and the liquid filtered from the sulphate of potassium is evapo- 
rated as far as possible without dpcompositioii aud, if chloride of potassium bo proseut, 
till all the liydrOehiono acid is driven off. The sulphuric acid is then precipitated 
from the filtrate by baryta-water, added exactly in the right proportion , the filtrate 
evaporated .as far as possible; and the residue exhausted by boiling ether, which 
leiivts iiiidisHolvcd any salt that muy still bo ;piosont, and on ovapomtion leaves the acid 
in the iorm of a coloured liquid To decolorise this acid, oxide of load is dissolved in 
it, the loud precipitated by sulphuretted hydrogen, and the liquid filtered. The 
co!aurin_-niattcr remains with the sulphide of lead, and the flltoato, evaporated tn 
viiciin, leaves tile crystallised acid. 

Uichloromethylsiilphuroiis acid crjstallises by evaporation in a vacuum, in small, 
colouikss, delique-scentpiisiiis Its jnojiaties .ire very much like those of trichloro- 
methjlbulphiiious acid It decomposes chlorides, sustains a heat of 1111° without 
altci.itioii, but melts at a higher tomperaturo, with evolution of white vapours aud 
soparatiuu of carbon It is not oxidmud by nitric, nitiomuriatie, or chromic acid It 
dissolves sine with evolution of hydrogen, foimmg dichloroiiiothylsulphito, and like- 
wise nionochloromothylsulphite of zinc The qiuiitity of the latter salt is greater as 
the evolution of hydrogen is kept up tor a longer time by contmual addition of sul- 
phuric acid ; Its fonnution is represented by the equation . 

ZCH’CraO* + Zn* = Zu"Cl^ + C=H<Cl'“Zn"S=0«. 

The dichloromethylBulphites ftve soluble in water, some of them also ia 
alcohol They are distiiignishcd from the chloiumothylsulphites by gmng otf hydro- 
chloric acid by dry distiUatioii, together with sulphurous and enrbomo anhyiirides , the 
residue consists ot meUlbe chloride slightly colouied by chiarcoal ■ 

2CHCPKSO> = 2KG1 + C + 2SO= + C0» + 2HG1. 

Cnrhonie oxide is also found among the g.iacoua products, being probably formed by 
the action of the free carbon on the carbonic auhjdr.de. 

The antmnium~'ialt crystallises by spontaneous evaporation in colourless prisms, 
permanent in the air, and otteu an inch long — Tho ^otuaui/ii-sult, CIIGl KSO“, forms 
small pearly scales It dissolves in water and m boiling alcohol, but not m cold 
absolute alcohol It is permanent in the .iir, nciitial to test-papers, and has a slightly 
sabne taste It bears a heat of 260° without decomposition, but at higher tempera- 
tures It IS decomposed in the manner above mentioned — ^Tliu uloor mil, OHCPAg&O’, 
obtained by neutralising the acid with carbonate of silv er, is v ery sensitive to hght 
and heat 'When protected therefrom, it may he obtained by ev.vporatiun in a vacuum, 
in small transpareut crystal.s, which may bo heated to lfi0“ without decomposing 

THTOHi,ouoMETH.TLSxri.PUUiiou3 AotD, (,C01“)Hf30“ Tnahlommethyldiihionio 
or CMoiocarhuhjpusnlphuno Acid (Kolbe, Inc cit ) — Obtained ns a potassium — or 
biiriiim-salt, by gently boating trichloioiuethylsulplmroiis chloride, GCl^SO” (p 6fi9), 
with potash or baryta , und isolated by deeompusiiig the burium-salt with sulphui’io 
acid, removing the excess of sulphuric acid with c.icboiiuto of lead, aud the excess of 
lead by snlphjdric acid. 

Tho acid crysUlhses by evaporation in small eolourloss prisms, containing 
CHOfSO'' H 0. Tho crystals, dried in a vacuum, yield a colourless dcliqiioseent 
mass, difficult to dry completely It malts atfl30° in its water ot crystallisation, and 
begins to boil at 160°, partly volatilising, while another part is completely lesolved 
into hydrochloric acid, sulphuious oxide, und chloride of carbonyl (phosgene-gas) 
CHGl»SO« = HCl + SO« -H C0G1“ 

It easily dissolves zme, with evolution of hydrogen, yielding dichloromethylsiilphite of 
zinc It IS not .attack^ by boiling with fuming nitric, nitromuriatic, or chromio acid. 
It decomposes all salts of volatde aeuls, oven the oUloridea 

The aqueous acid is converted, by a small quantity of potassium-amalgam (1 pt. 
pot.issiiim to 1 00 pts moiciiry), into dicliloromotliylsulplute of potassium , with a larger 
quantity of the amalgam, tho monochlorinatod salt la formed, and with a stiU larger 
quantity, tho inothjlsulpliite 

Tho trichloromethylsulphites are soluble iii water and in alcohol, and have 
an .istnngeut metnlbc taslo When calcined they deeomposo like tho acid, giving off 
sulphurous oxide and phosgene, aud leaving residue of chloride The evolution of 
phosgene distinguishes tho trichlororaothjlsiilphites from the monochlorinated and 
dichlorinated salts. 

The ammonwiii-salt forms large regular prisms, permanent in the air, and resolved 
by heat into sal-ummoiiiac, sulphurous oxide, and phosgene — The potassium-salt, 
prep.ired as above, and purified by reerystallisation, forms thm transparent plates. 
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■which have a harsh disagreoahlo taatu, offlori-aco on racposuro to the air, and give off 
7 1 percent (1 at.) water at 100° It may he heated to 300° without decomposition, 
hut decomposes at a higher temperature in the manner above mentioned In aqueous 
solution it 13 converted by electrolyaia, if no free acid is present, intomethylsnlphite of 
potossimn (p, 6S5) 

The aodium-salt, obtained like the potassium-salt, forms tlun rborabie tables, which 
effloresce readily, and are more solnblo in -water than the potassium-salt — The hanun,- 
salt, 0*Cl‘Ba"S'0®.H®0, prepared as above, crystallises on cooling from a hot aqueous 
solution, in small colourless laminm, but by spontaneous evaporation in tables of larger 
size. The crystals dried at 100° stdl retain 3 05 per cent. (1 at.) water, -which escapes 
at 100°. 

The lead-Bolt, C'“Cl®Pb"S’0''.2ffO, crystalhses by spoutaneons evaporation of the 
aqueous solution in broad tables, which loddcn litmus, and have a sweetish rough taste ; 
they contain 6'1 per cent. (1 at.) of water, which escape at 100° , decomposition begins 
at 160°. The aqueous solution boiled with oiude of lead, yields an alkaline filtrate, 
winch IS precipitated by the carbonic acid of the air, and when evaporated in a vacuum 
liavea an amorphous basic salt 

The cojipor-mlt forms small tables, permanent in the air, and containing 6 at water, 
of which only 2 at. go off at 180° — ^the other three remaining tiU the salt begins to 
decompose 

Stlver-saH, CCl'AgSO*. — ^Tho aqueous solution evaporated in a vacuum, and protected 
from bght, yields transparent and colourless pmms, which redden litmus, ha-.e a 
sweetish metaUio taste, blacken on exposure to the light, and Idcowiso when then’ 
aqueous solution is boiled But when freed, by heating to 100°, from the 2 at watovof 
crystallisation whioh they contain, they remain colourless in sunshine. 


Chlm-omethyhidphnrcma Chlorides. 


Two olilorides are known, derived fiom di- and tri-ohloiomothylaulphnrotts acid, by 
substitution of 01 for HO. When they are treated with alkalis, tho reverse siihstita- 
tiou IS effected, hydrochloric acid being evolved and the acid produced ,eg.. 


D:OHi,OBOMETHyi.sTri,PHTTnon3 CuioBiDB, OHCl'SO® (Kolbo, Ann Ch 
Pharm liv 163 — Gerhardt, Compt ehim, 1845, p. 197 ) — This coraponud is torined 
by the action of reducing agents on tricMoromethylsiilphurous chloride. 1711011 n current 
of sulphurous oxide gas is passed through an alcoholic solution of thelatter body, till the 
liquid no longer gives a precipitate with water, a solution is formed, containing — be- 
sides sulphurous acid — ^bydrochlonc acid, sulphuric acid, and diehloromethylsiilpliiu-mis 
chloride : 


CCPS0« + SO« + 2H*0 = HCl + H=SO< + CHCl’SO’. 

This chloride cannot he completely separated from the bodies with which it is mixed. 
Since it is very easily decomposed by evaporation, yielding phosgoiie-gas togttlioruilh 
sulphurio and sulphurous acids A small quantity spread out upon a surface soon fills 
the atmosphere with suffocating vapours of phosgene and sulpliurons oxide ; 

CHCPSO’ + 0 = COOP + SO* + HCl. 

CManne passed into the aqueous solution reprocipitiitos tridilororaethylaus sulphide — 
Cromine forms a similar precipitate, coutaining bromine os well as ehlorinc. — lodum 
forms no precipitate. The aqueous solution boiled with potash yields chloride and 
dichloromethj'lsulphite of potassium. 

This compound has not been obtained in the separate state, and tliorofnre its com- 
position has not been- dctormi nod by analysis. Kolbo assigned to it the formula 
CCl*SO-’ (schwejhgsaures Kohknchlond) , the more probable view of its mposition 
above given was suggested by Gerhardt. Tho two formulse differ only by HCl. 

TuioHi,oiioMBTHVi,sui.uHun.ous CiiLoniDE, CGBSO* Sul2)hite of PercMorido 
of Carbon Schwejhgsaures Kohlinsuperchlimd (Kolbe) CUormiterschmJligsanres 
Chlorkohlenoxyd (Berzelius) — This compound, discovered by Berzelius and 
Mai'cet (Schw. J. ix. 298), and fuither examined by Kolbe (Ami Ch Pharm. liv. 
148), 18 produced by the action of moist chlorine on carbonie disulphide ■ 

CS* + 6CP + 2H*0 = CCl'SO* + SCI* + 4HC1. 

Kolbe prepares it by mtroducuig into a stoppered bottle, having a capacity of about 
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aix litree, a qniintity of ni.mgaiiie poroxiclu nnd hydrochloric ncid sufflciont to fill ahoot 
half of It, then adding nhout 60 gminmcs of caTbonie disulphide, and miinodutcly 
closing the ve'-sol. The mixture is left for several days in a cool place , then, after 
frequent agit.ition, exposed to a tempenitiire of about 30° (most conveniently to the 
rays of the sun in summer), till the gioator part of the carbonic disulphide is trans- 
formed, The action is much facilitated by adding from 100 to 200 grnis of commer- 
cial nitric acid All danger of the vessel bursting from internal pressure may bo 
obMated by lifting tlifi stopper from time to tiino The mixture is then transferred 
to a large glass Husk, end distilled in an oil-hath into a cooled receiver Undecom- 
posed carbonic disulphide then passes over first, mixed with a yellowish fetid liquid, and 
afterwards the ti'irhloromctliylsiilphui’ons chlonde, winch attaches itself in crystals to 
the sides of the receiver, but is easily detached by slight blows 60 gims of carbonic 
disulphide yield nearly 100 grms of triehlororoctliylsulphuroiis chlonde 

Tins chloride is a white, cry stallme, volatile body, insoluble m water and in acids, 
soluble in alcohol, ether, and carbonic disulphide , its alcoholic solution is precipitated 
by water It melts at 136°, and boils without altevation at 170° ; distila also wnth 
vapour of water. It has an extremely pungent odour, excites te.irs, and p»d,.cos a 
disagreeable roughness m tlio throat Its alcoholic solution, when recently prepared, 
is but slightly clouded by nitiute of silvov, precipitation not taking place till the liquid 
has remiiined for some time in contact with tho air. 

The compound sublimes like camphor, in small, colourless, trniispaient plates, having 
an adamantine lustre. In tho dry' state it docs not alter tho coioiu’ of litmus, but 
reddens it when moist, in conseqiienco of decomposition. Tba moist cryshils lire white, 
opaque, and form vegetations like hinirfrost It supports a modeiati ly high tempera- 
ture without decomposition , but when passed through a tube heated to dull redness, 
it is resolved into chlorine, sulphurous oxide, and perchlorotliyleno 
2CCl’SO"- » C-C1< + 2Cl* + 2S0‘. 

Wlien distilled with a largo excess of strong sulphuric acid, it is resolved into sulphu- 
rous oxide, hydrochloric acid, and phosgene 

CCl‘SO« + H^O = S0= -I- 2HC1 -t COCl^' 

In contact with air and water, it decomposes in a similar manner, yielding hydroohlorio 
acid, sulphurous oxide, sulphuric acid, and carbonic dioxide. 

It dissolves in caustic potash, forming trichloiomothylsulphita and olilondo of 
potassium. 

NaptttUylaulphurons Acid, C'^ffSO* = (0''‘H’)HSO’ = Sul- 

phonaphthahe, Eyposutphonaphikalie, or Naphihyldithiom And. (Faraday [1S27], 
Ann-Oh. Fhys. [2], xxxiv 164 —Berzelius, ibid, liv 290.~W ohlor, Ann, Ch. 
Pliann. xxxvii. 197. — ^Regnault, Ann Ob. Phys [2], Ixv 87. — Laurent, Bev. 
sclent, xiii 687 — Kimberly, Ann Ch Pharm. cxiv 129.) — This acid is produced, 
together with naphthylone-sulphurous (disnlphonaphthalio) acid, by melting naphtha- 
lene with strong sulphim'c acid or sulphuric auhydndo — When naphthalene is dissolved 
to saturation, in strong sulphuric acid heated to 90°, and thosolution is exposed to the air. 
It solidifies completely after some time , and the solidified mass, after being freed from 
txoessof acid by pressure between porous tiles, dissolves completely in water, pro- 
vided all the naphthalene has been converted into acid products To .separate tlie two 
acids, the aqueous solution is neutralised with c.irlionate of barium, concentrated, and 
mixed with twice its volume of alcohol, winch precipitates nuphthylcno-sulpluto of 
barium, while the naphthylsulpbito remains m solution, and may bo crystallised there- 
from — To obtain tho free acid, the solution of tho bariiim-salt is piecipitated by 
Milphuric .icid , the excess of the latter removed by carliou.ite of lead ; tho resulting 
iiapinliylsuljihite of lead is decomposed by sulphydrie acid; and the filtrate is evapu- 
i.ited in a vacuum 

Naphtliylsulphurous ncid maybe obtained, by evaporation of its aqueous or aleoholio 
.Solution, as an irregularly cryatalhue deliquescent mass, containing 0'“H®S0* H-Q. It 
liiis .1 strongly acid, astangont, metallic taste , is extremely soluble in water, oil of 
tiupeiitiiiP, fixed oils, and alcobol, but very slightly soluble in ether It melts 
lintweeii 88° and 90°, blackens at about 120°, giving off an odour of naphthalene, ,iiid 
wlicii more strongly heated swoll.s up considtrubly, leaving a very bull.y cinder. The 
aqueous solution turns blown on lioiling 

Naphtliylsulphites — The acid is monobasic. Its salts arc soluble in water, 
for the most part also in alcohol, and have .i bitter, almost metallic taste When 
heated, they give off a considerable quantity of napbthaleae, together with sulphmous 
oxide, and leave a resicluc of snlpliate and sulphide — The potaseium-salt fused with 
I'xooss of potassic hydrate is decomposed, with evolution of sulphurous oxido, and 
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fomation of a solid body, probably naphthol or naphthylic alcohol (W urtz, 
Compb rend Ixiv 7fi0.) 

The mmmniwm-saU eiystalbsDS in slender needles, permanent in the air Its soln- 
tion liecomes acid on evaporation. "When subjected to diy distillation, it melts, 
decomposes, and tabes tiro — The potassiwm-saH, 2C"’H’KSO“ H^O, crystallises in 
small, white, very brilliant scales, permanent in the air, and slightly soluble, in water. 
— The snihum-salt is similar, and has a strong metallic taste. — The 
C'H’AgSO'', IS moderately soluble, 100 pts. of water at 20° dissolving about 10 3 pts. 
of it. The solution is not decomposed hy boiling. 

The haraim-f.a!t, G’''“H"‘Ba”S“0“ 2H’0, erystalhaes from a hot saturated solution on 
cooling, in sm,ill tufts or cauliflower-hcadB , by spontaneous evaporation m irregular 
scales, grouped like cockscoinbB In the dry state it quickly absorbs moisture from 
the air It is but sp.inngly soluble in water, 100 pts. of water dis.solTing 1 13 pts. of 
It at 15°, and 4'76 pts at 100°. It dissolves also in absolute alcohol and in ether 
Heated on platinum-foil, it burns with a bright very smoky flame, leaving a blackish 
residue — The strontimn-salt m crystalline — The calcium-salt crystallises wi th diifi- 
culty When boiled ivith nitric acid, it yields nitronaphthylaulphite of calcium — The 
mag)iemm-, zinc-, nickd-, manganous, and ferrous salts are also crystallisable. — Tho 
mprio salt crystallises in greenish scales containing water, which they partly give olF 
in dry air — The neutt al lead-salt, C“H'Tb''S*0", crystallises loss regularly than tho 
bariura-salt When heated it decomposes, throwing out ramifications in all directions, 
and inereasiiig considerably in volume Its solution boiled with oxide of lead yields 
a basic salt containing C“H' 'Pb"a‘0'‘.I'b"0 or C“H“Pb"S*0® 3Pb"0, according to the 
quantity of oxide used. — ^The mircuno salt, obtained by dissolving inorouric oxide m 
naphthylsulphurous aoid, is yellow and deliquescent 

Metanaphthjlsttlphurous Actd — This name may be applied to an acid, apparently 
isomeric with naplithylBulphurous acid, which, according to Faraday, is somotimcs 
formed in small quantity in the preparation of the latter, especially when 1 pt. of 
iiaplithalono is very strongly heated with 2 pts of ooncuntrated sulphuric acid, witli- 
out, however, aUowmg the mixture to give off sulphuioiis oxide. On saturating llio 
aqueous solution of the product with carhonuto of b.irmm, the barium-salt of this 
peculiar acid is precipitated, together with sidphatc, and may he dissolved out from 
the latter by boiling water; on evaporating tho resulting solution, it is deposited in 
small hard ciystals, slightly soluble in wntor and in alcoliid This salt contains tlio 
same quantity of baiium as the ordii . jg distinguished 

from it by not burning with flame when nildenng (Farad.iy, 

Berzelius). — The potassium-salt of tli . m scales, 'solublo in 

water and in alcohol — The lead-salt is very much like the barium-salt By decom- 
posing it with sulpliurotted hydrogen, an acid is obtained, which erystalhaes in scales, 
soft to tho touch, permanent in tho air, but turning brown on exposure to the sun. 
(Faraday, Berzelius) 

Naphthyl sulphurous Chloride, C'‘WC\S,C)K (Kimberly, Ann. Ch Pharm 
oxiv, 129 ) — Produced by the action of phosphoric pentachlorido on naphttiylsuipliite of 
sodium dried at 100 ’ Ou treating the product with water, and crystallising the uii- 
dissolvod portion from ether free from alcohol, it is ohtaiiiod pure, in colourless, 
microscopic, rhombic lamiiiai It is inodorous, melts at 65°, and solidiflo.s in globular 
ma.s3es on cooling, but, if kept from agitation and from contact with solid bodies, it 
remains liquid below 55° It dissolics very easily in other, benzol, cjirbomc disul- 
phide, and phosphoric oxychlorido It is tor the most part deeompo.sed hy dry distil- 
lation, the decomposition beginning at about 120°. It is slowly decomposed by wntir, 
easily by potash, in aqueous and espeeially in ideohoho solution, yielding alcohol and 
naphthylsulphurous acid — Alcohol converts it slowly in the cold, quickly when heated, 
into ethylnaphthyhc sulphite 

C'“H'ClSO“ + (C“H»)HO = HCI + (C'=H»)(0'«n’)SO*. 

Aqueous ammonia converts it into iiaphthylthionamic acid • 

G'»H’ClSO“ + H“N = HCI + C'»H”NSO* 

Ethylnaphthylic Sulphite, G'^H'^SO" = (Kimberly, ioc. mt) 

— ^Prepared by heating 1 at naphthylsulphurous chloride with not more than 2 at. 
alcohol, in an apparatus so arranged that the vapours may condense and flow b.Tck 
again , then distilling off the excess of alcohol, and washing the rosidiio wilh water ; 
if the product is coloured, it must be dissolved in ether, and treated with .ininial char- 
coal 

Ethylnaphthylic sulphite, when recently prepared, is a viscid liquid al. ordinary 
temperatures, and does not solidify even at -8° to -10°; but after keciiiiiir for 

Voi„V. 0 0 
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seToraJ days (or, if it has heen heated al)ove 60° after •vreoics or months'), it sohiliHeo in 
nodules composed of laminar ciystals It is insoluble lu ivntop, but iiiixe,s in all pro- 
portions svitli alcohol and ether It is doeomposed by distillation, gmng off sulphuroua 
oxide, yielding a ronsidoriiblo sublimate of naphtluilono, and leaving a small carbo- 
naceous residue — By aqueous or alcoholic potash, it m quickly resolved into alcohol 
and nnphthylsulphito of potnssium In alcoholic solution it is decomposed by water 
in the same manner as by potash , and when heated with w.iter alone in a sealed tube 
to about 160°, it IB resolved, without blackening or formation of secouilary products, 
into alcohol, naphthalene, and siilphuiic acid (prohahly flist into alcohol end naphthyl- 
Eiunhuroua aeia, which is then further split up into nuphthalcuo and sulphiinc acid) 
—With pcntacUoTide of phosnhn us, it yields othylic chloride, naphthylsulplmrous 
chloride, and phosplioiic oxyehloride 

(C’H'‘)(C>"H’)SO> + POP = C«H»C1 + C'”H’C1S0> + POOP. 

Naphthylthionamie Aeid, C'“H»NSO’ = (SO)"i.Q Naphthylthimamde. 

(Kimberly, loo. tut.) — Produced, by triturating naphthylsulphurous chloride with 
ammonia, as a yellow oil, which solidifles to an amorphous mass It dissolros easily 
m other and in alcohol, and soparatos trom either solution in microscopic crystals, 
apparently quadratic oonibimitioua, P , oP . Poo , with the angle P P on the lateral 
edges - 110°. It dissolves also in aqueous ammonia, m strong hydroolilono acid, and 
m glacial acetic acid, and crystaUises from the two latter solutions imaltored It is 
inodorous, has a groyish-yellow colour w’hen dry, liglit-yollow wlien moistened with 
aqueous ammonia, gradually turning red on exposure to the air It melts without 
decomposition, in hoihng water, to a viscid liquid, which solidifles to an amorphous 
mass ; at a higher temperature, it chars and gives off pungent vapours 

It is quickly decomposed hy aqueous potash, juelding ammonia and naphtliyl- 
BUlphito of potassium Heated with aqueous mtritc of potassium, rt givos off nitrogen, 
ana is converted into napihthylsulphi to of potassium , part of it is, how ever, transfnmied 
at the same time into a resinous subshmee, insoluble m water, and detonating slightly 
when heated. 

"When the alcoholic solution of the acid, containing a little free ammonia, is mixed 
with excess of argenho nitrate, and the ammonia is allowed to evaporate gradually at 
ordinary temperatures, argentic niiphtliyltliionaniato, C'"H‘AgN.S0^ is de- 
poutod as a white crystalline substance, easily soluble in alcohol, otlici, and ammonia, 
and quickly blackening when exposeel to light 

Semonaphthi/Uhumamic and, C"‘H“(C’E“0)'NS0’, is produced by fusing nnphthyl- 
thionamic acid with an equivalent quantity of benzoic chloride, till hydrooUoric acid 
is no longer evolved; and on washing the product with lukewarm water, di'yiiig it, 
and recryetallising from alcohol, it separotes in microscopic pnsmatio oiystals, easily 
soluble in alcohol, ether, aqueous ammonia, and glacial acetic acid. It melts without 
decomposition at 100°, but decomposes at a higher temperature, and when boiled with 
aqueous potash, gives off ammonia, and yields benzoate and iinphtliylsulplato of 
potassium, When its solution in .ilisoluto alcohol is mixed w itli ammonia and argentic 
nitrate, and left to evaporate, it deposits argentic bonzouaphthyltlnonamate, 
C'“H'Ag(C’H‘‘0)NSO®, as an amorphoua floeeulont precipitate, which dissolves some- 
what slowly in alcohol, and may be crystallised in niicroacopio needles by mixing its 
ammoniaeui alcoholic solution with a slight excess of acetic acid, and gently warming 
the liquid. (Kimberly.) 


JSromo-, Chloro-, and Nitro-naphihylsulphurous Acids. 

These acids are formed hy heating the brorao-, chloro-, and mtro-naphthalenea with 
fuming sulphuric acid, or (in the case of the monochlorinatod compound) with ordinary 
ceneentrated sulphuric acid. 

Sronionaphihyliulphurous Acid, C'»H’BrSO“ = (C'H'TliOHSOk (Lau- 
rent, Compt. chim. 1849, p 392.) — When the solution obtained by heating bromo- 
naphthalouo with fuming bulphunc acid is iieutraliaed with potash, diluted, and boiled, 
the filtered liquid deposits, ou cooling, a crystalline pulp of potassic h'onmiaphthylsul- 
phite, (^'"ffBeKSO’. which is colourless, slightly soluble in cold water, moderately 
soluble in boiling water and alcohol, whence it crystallises in tubercles. Boiling nitric 
acid converts it into a yellow salt, which takes fire when heated in a close vessel, and 
probably consists of C'"Il’(NO'')BrKSO”. 

A solution of potassie bronionaphtliylsnlphito poured into a warm moderately concen- 
trated solution of barium-cliloride, pi ocipitiites the hromonajihihijhulphUe of banmn, 
C-"H‘*Br'Ba'’S®0'', as a crystalline salt soluble in cold water The solution of the 
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pot.iSismm'Siilt forms white prpcipifcites wMi nioderately stiong solutions of calcic 
chloriJa and plunibie acpt.ite, hut dons not prpcipitata the salts of magnasium, man- 
ganese, cobalt, nickel, zinc, mercury, and silvar 

Dibramonaphthylsulphuroua Aeid, C'«H«Br'SO“ = (O'»H“BrnHS0^ 
(Laurent, Gompt ehun 1849, p. 392 ) — ^Prepared as above from dibromonaphthalone. 
— The potaisium-sidt, C‘'’H“Br-KSO*, is enwst^ne, and soluble m boilmg alcohol — The 
barmm-salt, is obtained by pouring a solution of the potassium-siilt 

into a boiling and very dilute solution of bariiim-eliloride, and separates, on cooling, as 
a ilocculent piecipitate composed of microscopic needles. 

Chloronaphthylsulphurous Acid, (C">H“CljHSO*. (Zinin, J. pr, Chem, 
xxxiu. 36 ) — When a mixture of 2 vols strong sulphuric scid and 1 vol. ehloio- 
naplithalene is heated to 140-' for a quarter of an hour, a transparent brownish liquid 
16 obtained, whioii does not alter on cooling , but is converted, by addition of a few drops 
of water, into a white, battery, scarcely crystalline mass, which may be freed from 
excess of Bulphuno acid by spreading it out on a porons tile (Zinin) The siiino 
acid appears to bo formed, with evolution of hydrochloric acid, on dissolving chloride 
of naphthalene in fuming sulphuric acid (Laurent.) 

.. 1 s easily in water and in alcohol, when heated, 

It 1 ' and gives off an odour of naphthalene. 

'iiio amrmnium-sait ot mis aoia is awstalliue and very soluble Its'solution forms 
soluble cui'dy precipitates with ferrous and argentic salts.— The potassium-salt is 
slightly soluble m water and in alcohol — The hanum-salt, C'“H'’CBBa''S'*0“, forms 
microscopic needles of a dull white colour, and very soluble. — ^The cupnc salt is bluish 
and very soluble — The fenous salt is a white floeeulent precipitate — The lead-salt is 
a white nearly insoluble powder. — The silver-salt is a white curdy precipitate, slightly 
soluble m water, and decomposing at 100°. 

Dichlornnaphthylsulphurous Acid, (C"’H‘Cl‘')HSO’. (Zinin, loo. cit ) — 
Prepared like the preceding It is a wluto buttery acid, very soluble in water. Its 
ammonium-salt is also very soluble — The potassium-salt and the harmmsaH, 
0"H'“CPBa'’S'^0“, form small slightly soluble needles — Dxesilner-salt, C'®H®Cl*AgSO“, 
orystalbsos in colourless scales, still less soluble th.iu the potaasium-salt. 

Triohloronaphthylsulphurous Acid, (C‘“H'C1")H!50*. (Laurent, Compt 
chim 18 19, p 394 ) — Prepsred by dissolving trichloronaphtholone ui fuming sulphiu’io 
acid, ueutralismg the diluted solution with potash, converting the potassium-salt into 
a barium-salt, then into a lead-salt, and decomposing the latter with sulphuric acid. 
The aqueous solution thus obtaineil solidifies on cooling to a mass of microscopic 
needles, which may be purified by rocryshiHisation from boiling alcohol 

The ammoiimm-sali of this aeid is easily soluble in water and lu aqueous ammonia 
Most of the other trichloronaphthylsiilphitss, even those of potassium and sodiiiin, lire 
but very slightly soluble in cold water , conaaqueutly the acid and its ammouuim-siilt 
form precipitates even in the cold dilute solutions of the nitrate .iiid sulphite of poliis- 
sium and sodium, and in those of the chlorides of barium and calcium, and of the 
sulphates of magnesium, nickel, and copper 
The potassmm-salt forms opaque mieroscopie scales, very soluble m boiling water, 
nearly insoluble iii cold water and in boiling alcohol. — The bat imu-salt, C''"H*Cl''Ba"S-0“, 
requires from 300 to 400 pts of boiling wator to dissolve it — An ammontacal otijirio 
salt, 0“H“Cl'’CuS'’0“.4NH*.4H®0, is obtained bypouiing a solution of the aramoimim- 
salt into cupric acetate, adding ammonia, and heating. The solution, on cooling, 
solidifies to .i fllamenteus jelly, like the mycodermio substances depositeil from tartaric 
solutions. Tile washed salt has a lilac colour, changing to blue on drying. 

Tetraoliloronaphtliylsulphmrous Acid, (C’»H’Cl')HSO'' (Laurent, Compt. 
chim. 1849, p,397 ) — Prepared by heating totrachloionaphthdouowith fuming sulphuric 
acid — The potassium-salt, C"’H”Cl*KSO“, le nearly insoluble in cold, slightly solublo 
in boiling wator, very solublo in boiling alcohol, whence it sopaiates in microscopic 
spherules Its alcoholic solntion does not prpcipitato acetate of barium, but on 
addition of w.i.ter, the liquid co.igulatos to a gelatinous mass, 

Nitr on aphth i/hulphurous Aoid,C"‘'B.'(^0'‘)BO^. (Laurent.Riv scient xiii. 
588 )— Nitronaplithaleno heated with fuming sulphuric acid, yields a rod soliilion, 
from which water precipitates raoio or less unaltered nitronaplithaleno The filtered 
solution saturated with carbonates yields the nitronaphthylsulphitoe Tho acid is 
also produced by the action of nitric acid on iiaplitliylsulpliurous acid. It crystallises 
in microscopic rlioniboidal scales Sulpliyibato of ammonium appears toconveit it 
into naphthionic acid (iv 17) 

The nitronaphthylsulplntes igmte when healed m close vessels — Tho aiiimonmiii- 
salt crystallieos in needles , the puias.num-sa/t by spontaneous evaporation, iu uregiilnr 
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cryabvia. — Tlio calcium-salt, C-"H‘'Ca''(NO-)''SW, is moderately soluble ui water and 
in alcohol 

Diniironayhthyhulphif) ous Acid, G'"H"(NO=)"SO^ is fomed by the pro- 
lonuod iietioii of nitric and on uaiilitliylsiilpluiroiis acid, — ^Its ammmwm-salt, 
C'"IP(N1I* l(NO’)“WO'', eryl!t.lllI^es in yellow needles , it is decomposed by siilpliydrate 
of ammimium, jioldiiig a deposit of siilplnir, and a peeiiliiir acid, perhaps nitrouaph- 
thiouie and (Laurent, Conipt rend, xxxi C37.) 

PhenylBulpIinrous Acid, C“ntSO“ = (C“H'')II.SO’, Suljphobmsohc, Mpho- 
licnzinic, or Suljdiokncidii -Icul (Mitseherlich [1831], Pngg Ann rxxi. 283, 634 
— Stoiitioiise, Proc. Hoy. Boo xit. 351 — Wurtz, Conipt rend bciv 748 — Keltnld, 
ihid. p 7.)2 ) — This and is produced by dissolving benrone in fuming aulphurie acid, 
diluting nithnnter,flltonng to separate any siilphobenzido (p 486)tliat may have been 
formivrat the same time, satiunting w itli ciirbon.ite of barium, converting the resulting 
biirium-siilt into a cupric salt by pirccipitation with cnpne sulphite, purifying the 
cupric salt by erysUihsation, and decomposing it with sulphuietted hydrogen The 
acid may also bo prepared by gently heating benzene with about an equal volume of 
ordinary eoneentrated siilphune acil, iind (according to Stcnlioiise) this is the be.st 
method of oht.iiniiig it in l.irge quantities, using 4 vols sulphuric acid to 5 vols. beiizono. 
Phoiiylsulphui’ous acid evaporated to a syrupy consistence, yields a ciystaUiiie residue, 
which dceoinposcs at a highor tompenitnre 

The phony Ibulphitos or siilphohcnzolates, C*H‘MSO*, are very stable salts, 
soiuo of them hearing a very high teiiiporatiiro without decomposing The ammonium- 
salt, however, decomposes casih .it 200“, yielding sulpliophonylamide (p 523), togotlior 
with sulphiiious oxide, aiiinionia, hoiizene, and a small quiiiitity of plienylio sulphide , 
and the Hodiuiii- and ealcmm-siilts jirld, by dry distillation, phcnylic Biilphido, 
(C“n“)’S, together with caihonio dioxide and sulphuious oxide (Stonhoiiso, iv 
417.) 

The plicnylsiilphites distilled with oxychloride of phosphorus, yield phenylsulphu- 
rous or siili>hopheiijlie chloride, G‘H'’C1S0- (Gerhaidt and Chancel) They 
may ho boiled for a long time with excess of .aqueous potash without daooiiipnsition, 
but by fusion wath potassio hjdiate they are resolved into sulphurous acid and phenol 

(Wurtz, KokuU)- 

{C«ff)KSO’ + KflO = E’SO» + (C»H‘)HO. 

Potawa^lihenjl- Phenol. 

The phent/hulphiies of ammomum, potassium, sodium, ani calcium crystallise easily ; 
the banam-salt is obtained only in eiysUllme crusts, the zme- und .sifuer-snfiis are also 
crystaUisahle. — The cupno salt, C'’H"'Cu"S'0“, forms fine, bulky, hyihated crystals, 
which give off all tlioii water at 170“ (Mitseherlich ) 

H'dTaphenylsvlphmitts acid, C“H*(NO'/SO'*, is produced by boiling phenylsulplmrous 
acid with nitric acid.— Its ammnnium-salt, C“H*(NH'-‘)(NO-)SO“, is converted by sul- 
phydrio acid into phenylsulplianmto of ammonium. (Laurent, Compt. rend xxxi 
538.) 

Phenylsulphurous Chloriie, C'E^'CISO* = BulpTiophciiyUc or 

Siilplioheiicolte Clilonde. (Gerhardt .and Chancel, Compt rend xxxy 090 ) — Pro- 
duced by tlio action of phosphoric oxychloride on a pheiijlsidphile. To prepare it, 
heuzeiie is gently heated with an equal volume of strong sulphurio acid, till it is com- 
pletely dissolved; the liquid, after dilution, is saturated with chalk, the filtorod sulu- 
tion of calcic plienylsulphite is exactly decomposed by earhoii.ite of sodium, and the 
solution of sodic plionylsulphitB IS filtered and eiMporiited This salt having been 
dried at 1 00“, is then mixrtl in a retort by small portions with oxychloride of phospho- 
rus, so ns to form a thick pulp. The leaction begins in the cold and as 'soon as it 
ceases, the pinduct is to ho distilled as long as any oily matter passes over, and the 
distillate rectified, colloeting apart the latter portiona, which distil at 26 i“ The lower 
portions ooiitain also a considerable quantity of phenylsulphurous chloride, and may ho 
utilised for the preparation of sulphopheiiylamido (p. 623). 

Plionylsulphuious chloride is a colourless, strongly rofr.ieting oil, of specific gravity 
1 378 at 23° It bolls at 264“, 1ms a strong odour like that of bitter-alraund oil, and 
fumes slightly in the air It is scarcely attacked by water, but alkalis instantly 
eoiiyert it into plienylsulphite and chloride of iilkiili-metal. Witli aqueous ammoimv 
it yields sal-iimintini.ic and sulphophenylamido (phenylthionaraide) 

Pbenylsulphuious Hydude, G''H"SO“ Pmzylsalplmrous Acid. (Kalle, 
Arm. Ch Phoimi c.xix. 163 , Jahresh. 1861, p 627.)— Produced, as a tino-salt, by the 
action of zinc-ethyl on phenylsulphurous chlondo 

2C®H*ClSO= + Zn"(C‘H»)= = 2C=H“C1 -t G'2H'"Zu"S20^ 
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Pure pliBiiylsulphuious chloride is mixed with 3 vole ether free from water and alcohol, 
and zme-ethyl is gradually added to the mixture in aflaekiUled wiIJi drji carbonic dioxide, 
the liquid becoming hot, and depositing a white powder at each addition. As soon as 
a portion of the mixture no longer exhibits the smell of the chloride, the pasty mass is 
to he heated to 100° to expel the ether, and the excess of zine-cthyl is decomposed by 
water, which will not dissolTS the basic zme-salt formed m the reaction, even on 
boiling. On treating it with hydrochloric acid, the whole dissolves, excepting a small 
quantity of a disagreenbly-smelhng oil [j>6rh.ip3 C“H“(C^H’)SO’‘J , and the decanted 
hqiiid, on cooling, deposits phenylsdphurous hydride, in large, mostly stellate prisms, 
which may be freed feom tlie last traces of the oil by recrystallisatioii. Its formation 
from the zinc-salt is represented by the equation 

C»H'“Zn"S’‘0< + 2H01 = Zn"Cl= + 2C!»H“SO-. 

Pbenylsulphiirous hydride dissolves slightly m cold, easily in boiling water — freely 
also m alcohol, and especially in ether It is inodorous ; has a strong acid taste and 
reaction , cannot he Bubhmed, melts below 100°, and begins to decompose when heated 
above 100°. It is oxidised to phenylsiUphurous acid, slowly by contact with the air, 
quickly by nitne acid. By nascent hydrogen (evolved from sulphuric acid by zmo), it 
is converted into phenyho snlphydrate 

PheiiylsulphuTons hydride is a monobasic acid, which easily decomposes motallio 
hydi'ates and oai'bonates. According to Kekiile’s mows of the composition of tiie aro- 
matic bodies, it maybe regarded as benzene-sulphurous acid, C“H‘(SO’H), 
that IS as benzene m which 1 at. H is replaced by the sulphurous acid residue, SO’H j 
the hydrogen in this residue is still replaceable by metals 

The ammomum-salt crystallises in colourless silky laminae, easily soluble in water, 
sparingly in alcohol and ether —The barmm-sali, C'*H‘<’Ba"S“0*, forms crystallmo 
nodules, easily soluble in water, less soluble in alcohol — The cupne salt separates &om 
a strongly concentrated solntion, in yellowish-green Uminae, having a satiny lustre and 
shghtly soluble in alcohol — ^The silvtr-suli, C'H'AgSO^, separates from a hot aqnoons 
solution on cooling in satiny laminte, slightly soluble in cold watoi-, Tim same s.iU is 
obtained, as a white curdy raempitate, on mixing the aqueous acid with nitrate of 
silver — The neutral zinc-salt, 0''H">Zn''S^O', is obtained by boding tlie aqueous acid 
with zino-oarhonato, or by decomposing the biisio salt obtained in the preparation of 
the acid with oarbonio acid, and evaporating tlie filtrate. It crystallises in oblique 
rhombic plates witii truncated angles, modeiutoly soluble in cold and in hot water 

DiPHENTL-nisuimunous or Dn>«BNVL-MSui.PHopHi3KYLio Acid, (Pit- 

tig, Ann Oh. Pharm. oxxxii. 201 ) — Formed by dissolving phoiiyl (iv 409) m varm 
concentrated snlpbnric acid' the warm mnch-dilnted solution is neutralised with 
carbonate of potassium ; and the sparingly soluble potassium-salt, which aeparatos 
on cooling, is crystallised several times from water The acid separated from the lead- 
salt by Biuphurotted hydrogen crystallises by evaporation over oil of vitriol in prismatic 
deliquescent crystals, which melt at 72 8°, and decompose when heated abovo 200°, 
The acid is dibasic — Die potassium-salt, C’H'K’S’O', crystallises in efflorescent pi isms 
or scales, insoluble in alcohol, shghtly soluble in cold, more easily in hot w.itor, and 
decomposing at a red heat. — The hanum-salt, C'®iI“Bu"S”0“, is a white erystalhne 
precipitate, nearly insoluble in water and m acids — The oalctum-salt, C'®H*Giry’0®, 
IS also very difficrdtly soluble in cold water, and is formed only on heating tho solution of 
the potassium-salt with chloride of calcium. — The lead-salt is insoluble in water, but 
soluble in acids. — The silver-salt crystallises in lamina;, more soluble in cold water than 
the potassium-salt The salts of other metals do not form precipitates witli tho solu- 
tion of the potassium-salt. 

Thymylsulphurous Acid, C'“II”SO“. Syn with CvMVLsuLriiunocs Aoin 
(ii. 298), 

XylylsiUphurous Aold, C"H’”SO’ =. (C*H“)HSO’ Siilplmvi/lenic or Sidplmxi/la- 
lioAcid. (Cahours, Oompt rend xxx 319 — Church, Chem Soedu, J xiv 52 — 
Volck el, Ann. Oh Pharm Ixxxiu 335 — ^De la Buoaud Muller, Ohein Soc Qu J. 
xiv. 54 ) — ^When xylene is left in contact for a week witli fuming aulpluirie acid, part 
of it dissolves, and the undissolved portion becomes more or loss filled with long, 
colourless, shining needles of xylylsulpburoiis acid. They have a strongly acid, after- 
wards hitter tasto ; dissolve readily in water and in sulphurie aeul , deliquesce quickly 
on exposure to the air, and may he heated to meltmg in a vacuum or lu vapour of 
xylene without decomposition , at a higher temperature they become dark-coloured 

Xylylsidphite of banum, 0‘»II'"B.a"S''0», mystallises in nacreous transparent scales, 
not altered by boihng with water. 
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/3. Sidphurous Ethers contuimng Etaiomtc Aloohol-radicks. 


(s5)d 

Ethylene-sulpburous Aold, C“H“S’0» = (C“ff)H'(80’)® = 

Ih.iiilphcthnlic Acid. (Buekton and Hofmann [1866], Ghem Soc. Qu. J. ix 
260 , Ann. cL Phiirra c. 12B. — ^Huseinann, Ann. Ch. Pharm. cxxvi 269 ; JaArcsb. 
18(i2, p. 428.) — This acid is prodiieud — 1. By heating ethyleuie di- or ti'i-sulplio- 
caiboiiate (p 602) mth Aiming nitne acid 

(C’HnC'OS” + 4NO“H = + 4NO -t- CO« + H“0. 

(0-H*)CS' + 6NO'H = (G'lP)H-S-0“ + GNO + GO» + SO“ + 2ff0. 


Tlio liquid ib licatiA ns long as nitrons fumes aro evolved, thou evaporated with 
ropeatud addition of water, and noutrali.sed with oarhonute of lead ; the lead-salt, 
winch crystallises out, is decomposed by sulphuretted hydrogen, and the filtered 
solution of ethylene-sulphurous acid is evapoiated to a syrup. (Hueemann.) 

2. Together with suljihopropionic acid, by the action of fuming sulphuno acid on 
piupionitrilo {cyanide of ethyl) or propionamide 

C«IPN + SEW = C=H"S«0“ + (NH')HS0< -t CO*. 

Proploultnle • t thjileiie- Add sulpliiii# 


+ H*0 + 2H'-S0' = C*H»S0‘ + (NH’)HS0b 

Proploiiltrile. Sulpliopro- Add sulphate 

plentcacid. of ammonium. 


Propionamido, (C’H’NO), which diifurs from propionitnle only by H*0, is acted upon 
by btilphuric acid iii exiietly the same maunor, _.ind being easier to prepare than pro- 
piuiiitrile, is used in piefsrencc for tho piepnration of ethylouo-siilpmirous aeid i''or 
this purpose, amixtuie of propionamide with an equal volume of Nordhausonsulphiiiio 
acid, 18 heated as long as c.irbonie dioxido m evolved and propionic acid distils over, 
d'he solid vesidiio IS then dissolved in water, the free sulphuno acid is neutralised 
with finely-pounded marble , tho sulphate of .ammonium is decomposed by boiling the 
liquid with carbonate of barmm till it no longer gives a permanent precipitate with 
chtorido of Wiuni; and the filtered solution of otliyleno-aiilphite of ammonium is 
coiicentnvted to tho crysuUisiiig-point To obtain the free acid, this salt is converted 
into a barium-salt by boding witli baryta-water, the barium-salt is decomposed by 
sulphuno acid, tho acid filtrate is boded with carbonate of lead; and tho resulting 
Irad-salt, after crystallisation, is decomposed by sulphuretted hydrogen. (Buekton 
and Hofmann ) 

Tho syrupy acid, obtained by carefully evaporating the aqueous solution, solidifies, 
when left over oil of vitriol, to a mdio-crystallino, very deliquescent mass, consisting 
(iiecording to Husemaiin) of C-H“S 0“ H'-O It gives off its 1 at. water at 100° , unci 
the auliyarous acid melts at 94°, and solidifies again at 60°(nuaemanii) , at higher 
ti'nipomtures it chars, audgives off white vapours. (Buekton and Hofmann ) 

Ethylene-siilphm'otts acid is dibasic, forming iioutial and acid salts — Tho ethy- 
leii o-sulphites are all soluble and crystallisable. 

Tlio mufral ammonma-scilt, C*H'(HH*)'S-0“, erystallisea in long monoclinio 
piisnis, often exhibiting tho simple combination ooP P» (Husemann). — Then.M. 
t/(il potassfum-salt, OWIC-'S-O®, forms thick, four-sided, monocliiiic prisms , the acid 
piitasbuim-salt, 2(C*H*)HICS*0“ ,3H*0, hard, white, crystalline crusts. — The neutral 
,< 'itium-talt, (PH%a-S*0*, erystalhsos m well-deimecl crystals, helongsng to tho trimetrie 
SI. stem, and exliibiting the combination ooP Loo — The netitrul sllccr-‘<a/t, G“H'Ag*S-0", 
forma thiu monoelinio tables, there is also an acid silivi -.alt, O*H‘AgS*0“ C'H''Ag-S'0'', 
funning milk-wliito spherical groups of crystals. (Husoman n ) 

Tile hartum-salt, obtained by boiling the solution of theammouium-snlt with hari ta, 
and precipit.uing the excess of the latter with carhonie acid, crystallises in stellate 
groups of six-sided tablets, which contain C'H WS^O" H*0, and become anhydrous 
at 170° (Buekton and Hofmann) — According to Hiisomann, a hydrated. suit 
containiug GHI*Ba''S-0“.'2H-0, is obtained in small rhombic octahedrons, by saturating 
tlio stiU yellow solution of otliylene-sulphoearboliato in fimung nitric acid with carbo- 
nate of barium , Hlioro.is tho pure acid, saturated in hka manner, yields the anhydious 
salt, C*HW'S*0'’, which m more soluble, and crystoUises in slender monochnic 

Tho diprio salt, C*H'Cu"3*0'’4H-0, forms light-blne monoolinic prisms, which 
give off I ot their u,itcr iit 100°, and the rest at 170° (Husemann).— The lead-salt 
forms easily soluble ciyst.illinccriisls, contdimng2CII'Pb"S''0'' 3H*0 (Husem.snn); 
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according to Buck ton and Hofmann, it erjitillises in thin prisms and four-siJ.'d 
; . ’ ’ rhon qniclrlyevapoinU'didnefinptoaloiigligummymass. — Thn 

, ■ "3=0'' 6H-0, crystallises m colourless, easily soluhle, mono- 

clinic prisma and tables, winch give oif half their walor at 100°, and the rest at 1K0° 
(Hiisemann) — The menurio salt, C“H*Hg“S^O“ 6H.*0, forms long, thin mouochnm 
prisms , the mercurous salt, GWHgWO” H-0, forms white crusts, which sepainte on 
warming into .in acid and a basic salt (Husemann) — The zinc-salt, O^H'Zh'S'O” 
6ff0, ciyatullnes in nacreous monoclmio tablets, which do not give their last atom of 
water till heated to 17fi°. (Husemann ) 

Appendix to Ethylene ^phurous Acad. SniPHOPBOPiONio Acin, 0*^80* = 
(SOy'l 

C®H®0- SO” = (C”H'0)" >0” ?— Produced, together with ethylene-sulphurous acid (as 

H” i 

above described), by the action of sulphuric acid on propionamide or propionitrde. Its 
ammomum-salt remains in the mother-liquor of the ethylene-sulphite of ammonium, 
and may be separated tborefrom ns a syrupy piecipitato by addition of absolute 
alcohol. On boibug the dilute motbor-hquor with ciirbonato of barium, and concen- 
trating, sulpbopropionate of barium, C*ffBa"S'0* (at 170°), separates in cubio 
granules , or if the solution be less coneentrated, and loft to itself for twenty-four 
hours, in spherical groups of silky crystals (Buekton and Hofmann.) 


Metbylene-Bulpliurous Acid, CH''S*0' = (CII”)"|-0'‘. BisulplwmetMus Acid. 

Mdhionic Aoid. (Liobig, Ann Ch. Pharm xiu 36 — 'Wetherill, tJid Ixvi. 122.— 
Stroeker, dad. 0 190 — Buekton and Hofmann, thid. o 129; Chem. Soo. Qu. .1 
ix 241; Jabresb 1866, p, 608 ) — This odd, discovered by Liobig, is produced. 
1 By the action of sulphuric oxido (aiiliyibudo) ou ethylic etlior (Liebig, \V ether ill, 
Stroeker). — 2 By the action of fuming sulphuiic lu id ou iicotamido or aeetouitiilo 
(Buekton and Hofmann). Its mode of form.vtion by this second method is ox.ictiy 
similar totliatof othyleno-sulphurousacidfrom propion.iraido or propionitrilo (p 660;, 
Bulplnioetio acid being formed at the same tmi6(p. 476). 

To prepare it by the flist mothod (which, however, yields but a small product), Mil- 
pluu’io oxide is passed m the state of vapiour, or (preferably) iiitioduced m the sidid 
st.ate, into anhydrous ither contained in a cooled vessel; the resulting solution m 
shaken up with water , the watery liquid, separated from the ethereal solution of 
neutral othylio sulphate, is noutvalised with carbonate of barium , the methylene-sul- 
phite of baiium thus piodiioed is decomposed by excess of sulphuric acid, tho filtered 
solution IS boded with carbonate of lead , and tho resulting lead-salt dccomiiosed bv 
sulpbureltod bydi'ogon (Stroeker.) 

By evaporating tlio aqueous solution of methylene-sulphurous iicid over the water- 
bath to a syrup, and leaving it to cool in a vacuum, the acid is obtained as u mass of 
radiating uoames (Buekton and Hofmann); when left over od of vitriol, it 
solidifies in long neodlo-slupod erystils (Streekor) It is very del iqueseont, has ii 
very sour taste, and is not decomposed by rather stiong beating, by piolonged boiling 
with nitric acid, or by passing chlonne into its solution 

The methylene-sulphites, (Cn”)M’S”0*, and (CH”)M''S”0», are o.isily prepiirud 
by digesting tho aqueous aeid with oxides or carhouHtes They are all soluble ni 
w.itor, but insoluble in alcohol 


The ammonium-sali, GH”(NH-')'‘S”0‘', crystallisea m needles (Streekor) ; in prisms 
of 97 45, bevelled at tho ends, which bear a bent of 190° without deeoni position. — Thu 
potassium-salt crystallises m ehiiiing needlee or gr.inules, eelublc in 14 pts, of water at 
22° (Buekton and Hofm.ann) — The sodMiui-in/i! crystallises in iieodlos (Strnckerl 
— The banum-salt, CH''Ba"S-0“.2H”0, forms nacreous rcet.iiigiilav plates, which give 
off their water at 150° (Buekton and Hofm.inn), at. 140° (St recker). 

The cupric salt, obtained by precipitating the barnmi-sult witli eupnu sulphate, crys- 
tallises lu blue rhombic firisms, containing GH'Gu"S-0“ 5H”0, which ofiloresoo and tnrii 
whitish on exposure to the air, and become anhvlioiis at 100° (Stroeker). Bucktuii 
and Hofmann obtained a cupnc salt in green needles. 

Toe neutral lead-soli, GHTh'S'C” 2H”0, obtained by boibng the aeid with carbonate 
of lead, crystallises in large, transparent, colourlese rhombic prisms (in small squ.iio 
laminar, according to Buekton and Hofmann), which give off their water at 100°. 
By boiling this salt with plumbic hydrate, a less soluble basic salt is obtained, eep.i- 
rating from tho cooling solution in ,,colour]e.s3 crystals, which, after drying over oil 
of vitriol, appear to consist of C'HT’ldS'O'” H'O , they luuo an allailine reaction, and 
absorb carbonic and from the air (Streekor.) 

The sdver-salt, CH^Ag’S-O”, crystalhses in groups of thin noodles or hroid plates, 
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■winch may be lieutcd to 151)° -witlioiit decomposition (Buckton andHofmannJ, but 
bliickon sliglitly wlieii exposed to light (Streeker) Its concentrated solution is' in- 
Btdiitly deeoiiiposed hy etliylic iodide, yielding argentic lodido, alcohol, and free 
niethyleiio-sulphurons and, but no cthoieal compound (Buokton and Hofmann.) 

Tho stm-smlt, 17111011 is produced with evolution of hydrogen, by dissolving zinc in the 
iiqueoiiB acid, is difScult to crystallise, and is not precipitated by alcohol. (Buokton 
and Hofmann.) 

Waphthylene-Bulpliurous Aold, C'“H*S’0" = (C'"H“)'H''S“0'’. Sisvlpho- 

napkthohe, Thionaphthv;, or Hi/pobvlphonaphtlwlK Acid (Berzelius, Ann. Ch. 
Hiys. [2], Ixv 290. — ^Laurent, Compt chim 1849, p 390 — Dnsart, Oompt rend, 
btiv. 859 )— Bcrzolnis obtained tins acid in small quantity, together -witli naphthylsul- 
plnirous acid (p. 600), by the action of bulphiinc acid on naphthalene , and separated 
the two by the different solubilities of their bariuiii-salts, the naphtbylene-sulphite 
being tho more soluble of tlio two. On partially satuiatmg the diluted solution with 
carbonate of banum, the naphthylsulphite 80p.ir.itcs ont first ; and on completing the 
saturation of the remaining liquid, concentrating it over the water-bath, and mixing it 
with two or three times its volume of alcohol, the iiaphthalone-sulphito is deposited in 
granular crystals (Berzelius) Dus art, by using a larger proportion of sulphuric 
acid, aud applying a stronger heat, has succeeded in converting the whole of the 
naphthalene into naphthylene-snlphurous acid Foi this purpose, 10 pts of naphthalene 
are strongly lioated -with 25 pts of coiicentriited sulphuric acid, tiU a sample of the 
liquid, satiuated with a strong solution of sodio carbonate, remains clear, and no longer 
deposits a crystalbno precipitate of sodio naplitbylsiilpbito. The solution is then 
diluted with water, and saturated with alkaline carbonate , the greater part of the sul- 
phate removed by crystaUisation, and tho I’emaindcr from tUo mother-liquor by addi- 
tion of alcohol. Tho evapointed solution yields oiystals of naphtbylene-sulphite, which 
may bo purified by rocrystalbsiition 

Naplitliylene-sulplinroiis acid, separated from its banum-salt by sulphuno acid, dries 
up in a vuciium to a brown laniellnv mass, having a sour and bitter taste, and soluble • 
in alcohol (Bcrzolnis). The acid is dibasic. The naphthylene-sulpbites, 
C""H“HI-S'0“aiid C'HWS'O", rcsoiiiblo the naplithylsuliiliitos , they are very s-olublo in 
M ater, but in general loss soluble in alcohol than the iiaphtliyhidphites They hiivean acid 
slightly metallic taste, bc.ir a considerable degree of heat without decomposition, but 
at very high tempei.itures give off vapours of naphthalene, with a smalt quantity of 
sulphurous oxide (Berzelius) They aio decomposed by fusion with hydrate of 
potassium, with formation of metallic sulphite and tho potaaaium-salt of naplithy- 
lenic alcohol, C>»H'-0^ = (C>'>H'0"nW 

+ 4KHO = 2K'‘SO» + 2H=0 + Ci'n'K^O®. 

■PotiisBli, il.TOhtliyl- PolflSBlc naph- 

eiio sulphl'c. tliylenale 


The naphtliylonic alcohol precipitated fiom its pofinssuim-salt by an acid, and puri- 
fied from accompanying tarry matter, by solution in water aud crystallisation, forma 
smiill rhmnbohodral crystals, soluble m water, aud ca.sily soluble in potash. Tho latter 
solution msiiiiitly bums black in contact with tlie uir, and if afterwards neutiwlisod 
sieldb a. black precipitate of an acid body, whiclnii strong solutions solidifies too jelly. 
(Dnsart.) 

Naphthylene-sulpUte of ammonium is obtained, by spontaneous evaporation, as a 
giaiiular mass ; its solution becomes acid when ovapuiated by heat — Tho uotassiKm- 
Slid IS grannlar, and slightly solnUo in alcohol — Tlio banum-salt, C''“n“Ba"S"-0“, is but 
slightly soluble in -water, oven at the hoiliug heat , very slightly soluble m aleohol , on 
evapor.ating the aqueous solution, it remains ns an amorphous mass (Berzelius) — 
The lead-mil, C‘"H"Pb"S“0“ 2ffO, is very much like the barium-salt, easily soluble m 
water, lint nearly insoluble m alcohol. It retains its 2 at water at 100°, but gives it 
up at 220°. (Laurent). 

(SO)' s 

PBenylene-siUphuroua Acid, C“H“S'0' = (0“H')"(.0* = C‘H*(SO’H)'. 


Dwilpfiobinxohe And (Bnekton and Hofmann, Chem Soc. Qu. J ix. 266.) — 
Produced, together with sulpliobonzciio acid (p 43(i), hy heating benzonitrile (pbonylio 
cyanide) with filming sulphuric acid The product, after dilution, is treated with 
carbonate of bannni, as in the preparation of othylcne-siilphiirons acid, aud the 
filtered solution of the bariiim-salts, which is very dark-coloured, is decomposed by 
Biilphui'ic acid, then boded with oxide of lead, filtered, and treated -with sulpbydne 
acid. Tlio ncid liquid is then satiuated with carbonate of barium, aud the resulting 
Boliitiou treated with aleohol, which throws down first sulphobenzoate, and afterwards 
plieiiyleno-sulpliitu of bai iiiin 

Ilio acid IS, howuTCr, nioie easily obt.imed by heating phenylsnlphurous (.siilphoben- 



SULPHURIC ACID. 


569 


Eolie) acid (p. 663) -with filming Bulphnrio acid. The product is very diirk-colourod, 
but may be rendered colourless 'by ,'onversion into a lead-.salt, and separation by sul- 
phydrio acid Tho liquid saturated with carbonate of bannm, and evaporated, yields 
phenyUne-svlphite of barnm, G“H''Ba''S''0“ ua an apparently amorphous mass, •winch, 
ho-wever, appears distinctly cryataHine under the microscope When stiongly heated 
on platiuiun-foil, it burns, mth ovoluhoa of sulphm'ous oxide. 

Trltyleno-sulplvurouB or Propylene-Bulphuroua Aold, G^H*S*0° =» 

(0*H‘)ffS*0®. Stsulphopropolio Acid — Produced, together with sulphobutync acid, 
C'H'SO*, by heating butyramide withfiiming sulphimc acid. The barium-salts of tho 
two acids are both very soluble in 'water, and very difficult to separate , but on treating 
tho concentrated solution with absolute alcohol, the sulphobiityrate, G*H“Ba''S’0'', 
separates first ; and by continued fractional precipitation with alcohol, a bariiim-siilt 
is at length obtained, having nearly the composition of tho tntylene-snlphite, 
C”H“Ba"S”0®. By slow evaporation of its aqueous solution, it is obtained m very 
minuto crystals, appearing under the microscope as thin pearly plates. (Buckton 
and Hofmann, Ohem. Soc. Qu. J. ix. 263.) 


Siilphurlo Compounds. 

TeIOXIDB of SntPHtJE. SuLPHUBIO OsiDB or ANHVDnlBB, SO’ 
Anhydrom Sulphurw And . — This compound is formed 1. By the direct oxidation 
of Bulphnrous oxide A perfectly dry mixture of this gas with oxygen, subjected 
to tho action of a rapid stream of elootrio spai'lcs, slowly diminishes in volume, and 
deposits sulphuric oxide. The oxidation may also be efifectod by passing the 
mixture of the two gases through a red-hot tube containing platiiinm-bUck or 
platinised pumice (Pina, Cimento, h. 293) — 2 By the decomposition of acid 
sulphates. Acid sulphate of sodium, NaHSO^ heated to dull redness, gives off 
water, leaYing tho anhydrosulphato, Na’SOkSO* — 2iraIISO* — H''0 , and this 
compound, distilled at a higher temperature, gives off white fumes of aulphiwio 
oxide, leaving the neutral sulphate, Na’SO'. Poriic, platmic, antimonious, and 
bismiithic sulphates also give off sulphuric oxide when lioated — 3. By tho distilla- 
tion of fuming sulphuric acid This liquid, prepared at Nordhauson in Saxony, by 
tho dry distillation of dehydrated sulphate of iron, may be regarded as a solution of 
siilphmuo oxide, SO', in tho strongest siilplnu'ic acid, and when distilled at a gentle 
heat, gives off the sidphnric oxide in white fumes, while ordinary sulphuric acid, B'^SO', 
lemaiUB behind. The sulphuric oxide may be condensed m a dry receiver surrounded 
by cold water — i. By distilbng strong snlphmoe acid with phosphoiic oxide (an- 
hydi'ide), sulphuric oxide then passing over, and glacial phosphoric acid reniaimug 
behind: 

H'SO' + PO' = 2HPO' + SO'. 

Properties . — Sulphuric oxide orystalhsos in beautiful white slender needles, arranged 
in feathery and star-shaped groups, and forming an opaque mass, resembling asbestos. 
It is tough, and difficult to cut. w^en recently solidified from tho liquid or gaseous 
state, it melts at about 18°, but quickly passes into another modific.ation, in winch it 
does not malt below 100°, volatilising slowly at tho same time, and rotuvmug to tho 
first modification (Marignac, Ann Ch Pharm bxxviii. 228) In the melted state it 
forms a liquid thinner than oil of vitriol, and probably colourless when puiu, but iisiuilly 
exhibiting a brownish colour from the presence of organic mutter It boils at 3.')° The 
specific gravity of the solid oxide is 1 9466 at 13° (Morvean) , of the liquid, 1 97 at 
20° (Bussy). The density of tho vapour is, according to Mitschorlieh’s observation, 
S’Ol , the calculated density is 2 ' * 0'0693 = 2 76. 

Beaohons. — 1. Sulpliunc oxide has .1 most powerful affinity for water, in whicli it 
dissolves, forming sulphuric acid When dropped into water, it Iiissea like red-hot 
iron. Wood, paper, and oiganic bodies 111 general are quickly carbonisod and destroy ud 
by It; when perfectly dry, however, it may Vio held for a while between tho fingois 
without inconvenienoo, hut it soon absorbs moistiu'c, and then exerts a painful corro- 
sive action — 2. It docs not alter the colour of litnius or any other vogetiible sub- 
stance, unless moisture is present — 3. It dissolves without alteration in anhydrous 
carboiiio disulphide, forming a clear solution, which fumes in the air, and solidifies 
at low temperatures to a dcliqiicseent, interiaced, erjstalhue mass 

4. Sulphuric oxido is a non-conductor of electricity, and le not decomposed even by 
tlieciirrent of a battery of 14 Bunsen's elements. But when dissolved in coucontrated 
sulphuric acid, it is resolved bv electrolysis into oxygen at the positive, and sulphur at 
the negative pole With certain proportions of tho .icid ami oxide, part of tlio sulpluir, 
instead of being separated in the free state, reduces the sulpiiurie acid to siilphiiruiis 
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aoid, and gulpluirous oxide la evolved at the negative pole, (Gent her, Ann. Oh. 
Phaim. cix. 130.) 

fi. The vapour of eulplnmc oxide is resolved, at a strong red heat, into snlphnrona 
oxide and oxj-gon, 2 vole SO’ yielding 2 vols SO’ and 1 vol oxygen . — 8 Fhosphoriia 
takes fire in tho vapour at ordinary temperatures, and precipitates the sulphur in the 
form of a thick crust (Vogel).— 7. When pkoqihoretted hi/drot;m-oas is passed over 
siilpliuric oxide at ordinary tomperaturcs, snlplnuous oxide is nhunduntly evolved, and 
the sides of the vessel become coated with red oxide of phosphorus [? amorphous 
phosphorus] (H Bose). — 8 Dry stdpAycii le acid decomposes sulphuric oxide, witli 
formation of hiilphunc acid, and separation of sulphur, which partly dissolves, with 
hluc colour, in the sulphuric aeid(Genth0r) 

4S0’ + 3H’3 = 3H’SO’ + S’. 

S Metallic mcroury, heated with snlphiirio oxide, abstracts part of the oxygen, 
forming snlpliuroue oxide and mercuric oxide, which unites with uudecomposcd sul- 
phuric oxide, forming mercuric sulphate. — ^Bed-hot iron decomposes the vapour, 
lormiug sulphide of iron and ferroso-femo oxide ; zinc, under similar ciicnmstances, 
forms snlphido and oxide of zinc. (Albert d’Henrense, Ann. Ch. Pharm. hsidii. 2t2.) 

10 When sulphuric oxide vapour is passed over anhydrous baryta or hme heated to 
low redness, combination takes place, attended with vmd incandescence, and the base 
is converted into sulphate 

11. Wlien dry monosulphule of potassium is brought in contact with an excess of 
fused sulphiu-io oxide, an energetic action takes place, resulting in the formation of 
anliydroBulphato of potassium and sulphuric oxide . 

6SO’ -I- K’S == K’SOISO’ + 4S0’. 

Oulena is slowly converted hy the liquid oxide into sulphate of lead, while sulphurous 

o. xido and sulphur are set Aee, tho latter dissolving in the excess of sulphuric oxide and 
forming a blue liquid 

2SO’ + PE'S = Pb"SO’ + SO’ + S. 

Niitive sulpfnde of antimony dissolves more quickly, with blue coloration and forma- 
tiQU ot sulphurous oxide and antimonious sulphate, which separates as a basic salt on 
dilution — Perrons sulphide, iron pyrites, and copper pyrites do not act on fused sul- 
phiuic oxide, (Geiither, Ann. Ch. Phoi'm, exi. 1777 

12, With pcntacMorido of phosphorus, sulphurie oxide yields oxychloride of phos- 
phorus and sulphuric chloride (Schiff, Ann. Oh Pharm. ou. Ill) ; 

SO’ + PCI’ = POCl’ + SO’Ol’. 

15, Sulphuric oxide dissolves sulphur in various proportions, fonuiug a brown, a 
green, and a blue hquid, the first of which contains t!ie largest and the last the 
smallest quantity of sulphur. Those solutions are formed by facing flowers of sul- 
phur and sulphuno oxide in alternute layers in a glass tube, sealing it, and heating it 
to 18“ — 10“ They are decomposed by water, yielding sulphuric and sulphurous 
.icids and free sulphur. (Wach, Schw J. 1 1 ) 

14 Sulphuric oxide unites with a tenth of its weight of iodine, forming a compound 
of a fine green colour, which may be crystUbsed. 

1.1 Vapour of nitric peroxide is rapidly absorbed by sulphuric oxide; and if the 
action be moderated at first, by passing the vapour slowly aud coolmg the vessel, and 
fliiivlly assisted by gentle heating till the sulphuric oxide becomes saturated, a white 
cry st.illiiie mass is formed, fusible without decomposition at a gentle heat, and agreo- 
lug nearly in composition with the formula NO’ SO’. When strongly heated, it de- 
composes, with evolution of oxygen, and a sinuU quantity of nitric peroxide ; and if 
tlie heating be discontinued as soon as the evolution of oxygen ceases, there remaius a 
hard ciyatalhne compound, similar in appearance to the fomer, but consisting' ot 
N’0’.2«0’ =_2(NO’SO’) 0 (Weber, Pogg Ann. exxiu. 337, Jahresb. 186i, 

p. Ifio) — -This latter compound, whieli may bu regarded as anhydroaulpliate of 
nit rosy! or azotyl, (NOl’SO’.SO’, is likeinse obtained, accoring to Do la 
Provostiiyo (Ann Ch Phys. [2], btxiii. 362), by passing the vapour of nitric per- 
oxide into liquid sulphurous oxide 

2, SO’ + 4NO’ =. (NO)’S’O’ + N’O’; 

and according to Brnning (Ann. Ch Pharm. xcviii. 377), by the action of nitric 
oxide on sulphuric oxide . . 

3SO’ + 2NO = (N0)’S’0’ + SO’. 

16. A compound of sulphuric oxide with nitiaus chloride, NOCISO’, is obtained 
by passing the vapours evolved from nitromunatio acid, and dried by chloride of 
calcium, over sulphurie oxide till it is saturated. This compound is white and 
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liimmo-crystiiUine, like stooric acid. When gently heated, it melta without coloration, 
hut at a higher temperature, turns yellow and decomposes. With water it yields 
sulphuric acid, hydrochlonc acid, and the decomposition-products of nitrous acid. 
In strong sulphuric acid it dissolves, with evolution of hydrochloric acid; and on 
heating tliQ solution, a liquid distils over, consisting essentially of sulphuric chlor- 
hydrate, SO’HCl (Weber, Pogg. Ann, exxm 233.) 

17 Dry ammoma-gas is absorbed by sulphuric omde, forming snlphamate of am- 
moni'um, (p 476). 

Sulphato-iodie Oxide or Anhydride, I’0“ SO’. — This compound is formed hy the pro- 
ionged action of dry sulphurous oxide on pulverised iodic oxide (I-0“) at 100°. A 
small quantity of iodine is at first liberated, and the iodic oxide is then converted into 
II light-yellow granulo-crj'staihne mass, which is quickly decomposed by water, with 
separation of iodine. By absolnte alcohol it is quickly resolved into sulphuiio and 
lodio oxides With alcoholic potash it forms lodate and sulphate of potassium. Strong 
sulphuric acid does not act upon it at ordinary temperatures ; hydrochloric acid dis- 
solves it, with evolution of chlorine, and formation of chloride of iodine. (Kammerer, 
J. pr, Chem Ixxxii. 72; Jahresh. 1861, p. 134.) 

Sulphato-CKelic Oxtde or Anhydnde . — Vapour of sulphuric oxido is absorbed hy 
cooled acetic oxide, forming a yellow gummy mass, which dissolves in water ; the 
solution, when neutralised with baryta-water and filtered, yields crystals of banc 
sulphaoetatc. (Sohiitzenberger, Oompt rend, hii. 638 ; Jahresh 1861, p. 439.) 

Sulphuric oxide unites with acitie acid, benzene acid, and many other organic acids, 
firming sulphaeetio acid, SO', Bolphobenzoic acid, C’H’O’ SO*, &c ; and until 

II any hydrocarbons, forming sulphoaoids, which may be regarded as sulphurous ethers 
(p. 650)' eg , with benzol, C'E', it forms bvdphohonzohc or plienylsuiphurous acid, 
C“H«SO' = (SOy C'H'O HO, &o 

Chlorosulphurio Oxide or Anhydride, S'O'Cl*. — This compound, first obtained by II. 
Hose, hy the action of sulphuric oxide ou disulphide of ciilorine (p, 636), is also pro- 
duced, according to Eosenatiehl (Oompt rend hii 668), hy heating sulpliurio 
oxido with dry pulverised chloride of sodium, distilling, and rectifying, to remove 
the last traces of sulphuric oxide It is a coloiu'iess oil, of specific gravity 1'762 
(Rosenstiehl) , 1 818 at 16° (Eoso); boiliug at 146° (Eoso), between 146° and 
150° (Eosenstiohl) It is violently decomposed by water, and quickly chars 
organic bodies With manganates it evolves chlorine ; with alkahne chromates it 
i'orme ciiroinic oxychloride, OrO'Ol' : 

K-’OrO* + S'O'Cl' = K'S'O’ + CrO'Cl'. 

chromate pimric oxide. nnliidro- oxychloride. 

aulphAte. 

With diy acetate of sodium, it forms chlonde of acetyl. (Eosenstiehl.) 

SuLPHuma Aoid, H'SO* = H'O.SO' = => (SO')".HO HO.— This 

highly important acid is produced, as already observed, hy the hydration of the anhy- 
dride, by the decomposition of sulphuric chloride , by the oxidation of sulphur, suljiliy- 
drio acid, and sulphurous acid, and by the decomposition of the polythionic acids 
(p 540) 

Preparation. — By the oxidation of SidpJmront Acid. — Sulphiine acid is produced by 
passing moist sulphurous oxide and air thiough tubes containing spongy platinum 
Jieuted to low-redness. Sulphurous acid is also slowly converted into Bulphimo acid 
by more exposure to air, and immediately hy treatment with powerful oxidising 
.igents. The enormous quantities of sulphuric acid manufactured in this country (more 
than 100,000 tons annually), are made by burning sulphur or roasting pyrites, and 
oxidising the resultant sulphurous vapour by me-ins of moist air and certain oxides of 
nitrogen. Por this purpose, the sulphurous acid vapour is mixed with vapour of nitric 
and evolved hy decomposing a nitrate with sulphuric acid. This acid unraediately 
Converts a portion of the sulphurons acid into sulphuric acid, and is itself reduced to 
nitric oxide, NO , and this gas coming m contact with air, is converted into nitric 
peroxide, NO', which reacts with another portion of Bulphnrous oxide and with water, 
in such a manner as to form sulphuric acid and nitric oxide : 

NO' + SO' + H'O = H'SO‘ + NO. 

The nitric oxido thus liberated again absorbs oxygen to form nitac peroxide, which 
ii^am oxidises the moist sulphurous vapours into sulphuric acid, with liberation 
ot nitric oxide, and so on contmnously Theoretically, therefore, a small quantity of 
nitric oxide should snfflee to produce an indefinitely large amount of sulphuric acid. 
Sometimes, wlieii there is but a small quantity of water present, the milphurous 
oxide and nitric peroxide react m the manner ah-eady mentioned (p, 870), producing 
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aiiliydrosulpliate of nitrosyl, (N0)®S’0’, nhich, togotlier with oei'tain other sulphates 
of nitrosyl, formed from it hy the action of water and of the sulphuric acid already 
produced, is deposited as a white crystalline mass on the sides of the vossel ox cham- 
ber in which tho reaction takes place. The formation of theso cryshilline compounds 
is not, however, a noceaaavy stage in tho process, and in fact, when steam is largely 
introduced into the chamber (as in tho present modo of making the acid), it does not take 
place at all. 

The exact changes which nitnc oxide, snlphuroiis oxide, oxygen, and water undergo, 
in presence of one another, have been minutely studied by several ohennsts, particularly 
by Provostaye and Desains, but without any very definite results. The description 
above given must indeed be considered rather as a general than a strictly accurate 
account of the reaction. (Soo Ghtielin'sUandbook, ii. 446 — 451 ; also W eber, Jahresb. 
1863, p, 738; 1865, p. 93, Bull. Soc Chim. 1867, i. 161.) 

In die manufacture of sulphuno acid on the large scale, sulphur is burnt slowly on 
an iron plate forming the floor of a sort of furnace, the amount of air admitted being 
regulated by means of a smallor iron plate forming the door of the furnace, so that tho 
sulphur when once igmtnd may go on burning and producing snlphnrous oxide with 
tolerable noiformity. Upon flic iron plate on which the sidphur is burnt is also 
placed an iron pot contiimng a mixture of nitrate of sodium and sulphuric acid, whicli 
continues to generate nitric acid for some time The sulphurous oxide and nitric acid 
vapour, from one or several furnaces, aro conveyed by means of flues into a large 
leaden chamber having a capacity of fiom 50,000 to 100,000 cubic foot or more 
Within this chamber, into which steam is admitted continuously by several jets, the 
rc.ictioii chiefly occurs The nitric acid is soon redneod to nitric oxide, after which 
the succession of changes already pointed out takes place , and dilute sulphuric acid 
collects on the floor of the chamhor, whence it is drawn off into leaden evaporating 
p.ni8 The vapours escaping from the largo chamber are usually passed into one or 
two smaller subsidiary chambers also guppbed witli steam. In these a further oon- 
dcnaitioii oceui-s, and a still weaker acid is pioduced, which is run hack into tho largo 
chamber to become move concentrated la some maiiufuctorios, the vapours from tho 
subsidiary chambers are then passed tlirongUcoke-sorubbars— that is, through columns 
packed with coke, over winch water is constantly potuung , and here a further oondeu- 
sation occurs, and a very dilute acid is produced, which is pumped up into tha 
subsidiary leaden ohumbers. In a few factories, Qay-Luss.io’s scrubber is used instead 
of the water-scrubber. The eoko in tins cose is kept moistened with coucoutratod 
siilpiiurie aeid, which completely absorbs tlio nitnc oxide gas. The acid is then pumped 
into a second similar scrubber, in which it is robbed of its nitric oxide by means of 
tho sulphurous oxide proceeding from tho burning sulphur. In a theoretically perfect 
operation, there should be no final escape into tho atmosphere of any other gas than 
the nitrogen of the air admitted mto the furnace, and thence into the chamber , but in 
practice a small quantity of sulphm'ous or nitrous gas, or both, eseapos condensation, 
although the amount of snlphunc acid fi:naUy pirodaoed usually approximates very 
closely to the theorettcal quantity, 

Tho acidwifljdr.iwn ftom tho leaden chambers has generally a specific gravity of about 
I’fifi By evaporation in a senes of shallow leaden pans, its specific gravity is raised 
to above 1'7 This acid is usually dark-coloured, from the presence of organic matter, 
and IS toclmically known hy the name of “ brown acid,” The furtlier concentration 
has to bn effected in retorts of glass or platinum With glass retorts the operation is 
intermittent A number of largo glass retorts are heated on a sand-bath until the 
requisite concentration is attained Throughout the process, u diluted sulphuric acid, 
coiitamiiig sulphurous acid from tho reaction of tho organic matter and sulpiiwie acid, 
distils over. This is retnraed to the le.idou chamber, and the concentrated colouriebs 
acid isMphoiied off from the retorts mto caaboys With a platimim retort the procoseit 
continuous. Brown acid is constantly admitted at the top, concentrated acid with- 
drawn from the bottom, and diluted sulphurie acid, with sulphurous acid, distilled off 
into recoil ei s, whence it is pumped back into the chambers In commerce, the con- 
centrated colourless acal, having a specific gravity reaching to 1 842, or appioximalnig 
vary closely thereto, la aloue known by the name of “ oil of vitnol " 

Tho proce.ss above described is substantially the same as that introduced by Dr. 
Eoebuek about the year 1720. It is known as tho English mode of manufacture, and 
the product is culled “ English oil of vitnoL” This oil of vitriol always contains lead, 
and not unfroquently other impuriticB, chiefly araonio and nitrous or nitric acid By 
diluting ,it with water, tho lead is thrown down as a white precipitate, which becomes 
black by tho action of sulphuvottcd hydrogen. Tho arsenic may ho recognised by 
Eeiusch’s or Marsh’s tests, or by noutrahsuig tho diluted acid with carbonate of polas- 
sium, flltpimgfrom the resulting sulphate of potassuun, and treating the aeitlul.ited 
filtrate with sulphnretted hydiogen, when a yellow precipitoto will be prrKluccd The 
nitioUs nr nitric aCid can be detected by pouring in a dilute solnluin of siilph.itc of 
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iron, so as to float on the top of the acid. Where the two liquids meet. .i hrownish- 
purple ring of discoloration mil he produced. The addition of sulphide of hariiim to 
arsenical sulphuric acid produces a precipitate of mixed sulphide of arsenic and sulphate 
of barium, which may be separated by snhsideuce and decantation. The acid may bo 
purified from arsenic by heating it nearly to the boiling-pomt. and passing a current of 
hydrochloric acid gas through it, wheroby the arsenic is carried over as voUtile chlo- 
ride of arsenic, whdo the nitric and nitrons acids are expelled almost completely * The 
nitrous or nitric acid may also ho ontiroly decomposed into water and nitrogen-g.is, by 
heating the iioid witli a htUo sulphate of ammonia , and, lastly, by distilling the siii- 
phui'ieiirid after the Bepar.ation of the arsenic and nitrous acid, it maybe olitained quite 
pure. The distillation must bs effected in large retorts, healed, not at tho bottom, but 
somewhat at the aides, to avoid tlie violent porousBive ebullition which rosults from 
directly heating tlie deposit of sulphate of lead which gradually forms at tlio bottom of 
the retort. The vapour of oil of iitriol has a very small latent boat, and, iiiidor any 
eircumstiinces, the ebullition of the acid is somenhiit porcnssive The presence of 
platinnm-clippings in tho retort prevents this action to a eonsidenihle extent 

Accoiding to NickUs (Compt rend xlv 260, Juhresb 1867, p 119), commercial 
oil of vitriol often contams hydrofluoric acid, but may he freed therefrom by diluting 
it with twice its hulk of water, and gently heating it for about fifteen hours — ^the 
hydrofluoric acid then volatilising 

For further details rospectmg the manufacture, purificatioii, and concentration of 
.sulphuric acid, see Eiohardson and Watts’s Chemical Teohnoloyt/, vol. i. pt. i. pp. 
51-117, and pt. v. pp 198-222. 

Propm'ties and Eeactions — ^Piire oil of vitriol, or normal snlphurio acid, H-SO-', is 
a heavy, oily, colourless, inodorous liquid, haring a speciflo graiity of 1'812 It boils 
at 327°, and freezes at —88° It is very hygrometric, and, when exposed to moist air, 
will even double its weight in tho course of a few days Hence it is in coustiiiit loqui-' 
sitiou as a desiccating agent. It abstracts water from many organic suhstaueee, and 
thereby gives origin 1 1 now compounds Tims alcohol, acetone, forniie acid, glycerin, 
&c , when dehydrated by sulphuric acid, pioduco olefiant gas, mesityleno, carbonic 
oxide, and acrolein respectively. In many cases, tho organic substances noted upon by 
sulphuric acid ai's completely broken up or destroyed , us is especially tlie ease with 
woody fibre, sugar, and bodies of allied eomposition, which, by the loss of water, 
lieeome thoroughly ohan’ed or carbonised This charring ofFoct of strong sulphuno 
acid IS highly oharaoteristio. Tho diluted acid slowly destroys organic fibres, without 
charring them. But tissues, moistened with dilute eulphuric acid and then heated, 
become charred from the concentration of the acid which gradually takes place Tho 
admixture of the strong aad with water is attended by a great development of heat. 
On mixing 4 parts by weight of oil of vitriol with 1 piut of water, the temperature 
rises from 0° to 100°. The cooled mixture of water and acid occupies a volume con- 
siderably less than that of the two separate liquids. 

Sulphuric acid is reduced to aulphydric acid by passing its vapour, with excess of 
hydrogen, through a tube heated to redness — Phosphones takes fire in sulphuric acid 
vapour, and liberates sulphur At increased temperatures, not only zinc, « oii, coppA , 
mercury, silver, and most of the metals save gold and platinum, hut also charcoal and 
sulphur, exert a reducing action upon strong sulpluirie acid, and evolve sulphurous 
acid. All the metals of the zmcic and feme families, with the oxcoption of copper, 
readily displace hydi’ogon from tho diluted acid to form their respective sulphates of 
metal. At ordinary or somewhat increased teraporaturos, sulphuric acid decomposes 
the salts of nearly aU other acids, with production of tho corresponding sulphates, and 
liberation of the respective eeids By its action on certain highly-oxidised metallic 
compounds, such as the peroxides of lead and manganese, and tho manganic, chromic, 
and ferric acids, or their salts, it produces sulphates of the respective metals, with 
evolution of oxygon-gas Sulphuric acid, like the anhydride, absorbs nitric oxulo gas, 
forming a ciystaUino sulphate of nitvosyl ip 577), which dissolves unchanged iii an 
excess of acid. The vapour of snlphunc arid is decomposed, at a red heat, into water, 
sulphurous oxide, and oxygen. 

Sulphuric acid reacts with a largo number of hydrogenised bodies, alkaline, neutral 
and add, to form new compounds by the eliniiiuition of water. The typical reactions 
are tho following: 

(1.) H*SO* + 2A - 2n*0 = X 

In accordance with this leaction, the neutral sulphates of ethyl and phenyl, 
also sulphobenzide and sulphonephthalone, aro formed by tho action of sulphuric acid 

• On the nreparatlon of sulphuric acid free from Arsenic, for modlco^legal purposes, soe B 1 ox Am 
(Chem Soc Q« J xv , also Bui gn c t and II u sa y (J. Pi arm. [3] xTlv. m.xlvi 2&-ii Jahresb. 
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upon aleoliol, pilienol, bonzeno, and iiaplithaleno, reapcotively. All these produota are 
neutral iu tlieir properties. 

(2.) + A - h;*o = Y. 

In aeeordiince with this reaction, sulphanihc acid, ethylsnlphui'io aoid, phenylsnl- 
phime iicid, plionylsulphurous acid, and naphtbylsulphurous acid are formed by 
the action of sulphuric aeid upon aniline, alcohol, phenol, benzene, and naphthalene, 
ri-poetively All these products have the properties of monobasic acids Sulphuric 
acid also reacts, in iiccoulanco with the above equation, upon beniioio and other 
nimiuliasie acids but tlicii the products of its action (sulphobcnzoio acid, for instance) 
luiTO tile properties ot dib.isic acids The rule which applies to all such reactions as 
those now under cmisideriition. is that the basicity of the product equals the sum of 
the basicities ot the reapents, minus as many units of basicity as there are atoms of 
water elinuiiated (see Acins, 1. 19) 

(3.) 2H^S0* + A - 2H’0 = Z 

In accordance with this reaction, mcth3’lono-snlphurons, cthylone-sulphurous, naph- 
tha Icne-siiljjnuons, and phcnylcuc-sulphiirous nculs (p fifil), also disulphanilic acid 
(p 479), have boon ohUiiied. Agi-eeably to the above rule, all these products have 
the properties of dibasic acids. In tha actual reactions, Kordhausott acid, or even 
sulphuric anhydride, is frequonlly employed. 

Ihdndca of Sulphi’ lo Acid — There are two, if not more, well-defined hydrates of 
sulpimric acid— namely, tho luonoliydrate, H-SO' H'O, and the dihydi’atB,H-^S0*,2E*0 
The first compound lias a specific gravity of 178, and sohdifles at 8° or 9°, iorming 
a mass of colourless six-sided prisms, whence it le called glacial sulphuric nci u 
It holla .it 20o° — 210°, giving off a weak acid vapour It may be obtained by evapo- 
rating any dilute sulphuric acid .it a temperature of 205°, until it ceases to lose water. 
The second hjidrato results from the mixture of 1 at. oil of vitriol with 2 at water. 
This proportion oorrosponds with tho maximum condensation (nearly 8 per ceut ) 
■which results from the union of tho acid and water. Its spocifie gravity is 1 62 It 
boils at 183°, giving off nothing but water until the temperature rises to 205°, It may 
bo obtained by evaporatiug any more dilute .loid at 100°, until it ceases to lose water. 
Both those hydrates dissolve snow with production of intense cold. 


Fuming Sulp/iuric ActiA— This isamixture or compound of sulphuric acid and 
sulphuric anhydride, obtained by the decomposition by heat of certain sulphates Thu 
aiihydrosulphatcs of tho alkali-metals, lESO' SO*, and the sulphates of tlie triatomic 
metals— iron (ferricum), bismuth, antimony, &o. — when subjected to dry dietillatiop, 
give off sulphuric oxide or anhydride (p. 569), and if moisture is present, part of this 
compound is eonvertod into eulphurie acid. At Nordhausen, in Saxony, an impure 
feme sulphate, obUined by exposing ferrous svdph.ite (green vitriol) to a moderaie 
beat in contact with the air, is distiUod in earthern retorts airangod in a reverberat- 
ory furnace , and the distillate, consisting chiefly of sulphuric anhydride, is received in 
.1 small quantity of water or, more frequently, m ordin.iry oil of mti'iol. The product 
thus obtained IS a heavy brown oily liquid, known as Rordbaiisen, or Saxon, or 
faming oil of vitriol It has a speciflc gravity of 1 9, a composition coiTesponding 
nearly with tho formula H*S*0’, or H’SO' ,SO’, and is probably a definite compound 
iiniilogous to the motallie anhydrosulphates above mentioned. It solidifies .it 0°. 
forming coloniloss transparent crystals Wlien gently heated, it breaks up into sul- 
plniric oxide, SO“, ■which distils over, and sulphuric acid, II*SO’, winch remaius 

According to B. Jliiller (Ann Ch. Pharm, cxxii I , Jabi^esh 1862, p 93), a ciys- 
tidliiic compound of this acid with nitric poioxide, containing N“Ol is produced 

by the action of nitric peroxide m excess on ordinary concentrated sulphurio acid : 
2ll*SO* H- 2N0* = ^I»SOhHW -1- S^O. It dissolves in concentrated more 
rondriy th.in in dilute sulphuric acid, and separates unaltered on daluting the former 

Uses of Sulphuric Acid.— Sulphuric acid is tho starting-point of nearly all impor- 
tant chemical m.aiiufuctures. It is largely used in the preparation of nitric acid fi'om 
the nifriites of potassium and sodium, of hydrochloric acid and chlorine from chloride 
ot sodium, and consequently in the prep.iration of various bleaching compounds, 
huporphosphuto of lime and artificial manures generally, of which many tliousand tons 
lire anunully consumed in this coimtiy, are mads by tho action of Sidphnrie aoid on 
bones, coprohtes, &c But the greatest eonaumption of tins acid is in the manufacture 
of sulphates, especially of sulphate of sodium from the chloride, which is the first 
step in the nmnufaclure of commerciiil soda or rarbonato Of sodium. It is also lareelv 
used tor dissolving silvei-alloy The fmnmg acid is used chiefly for dissolving 
indigo, the Bolution constituting tho important dyestuff caEcd Saxony-blue (in. 268). 
(Octliyg s ^ ' 
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Otto's Tabit of the Strength of StUphuria Acid of different Densities at tie Temperature 




1-8426 
1-8420 
1 8406 
1 8400 


1 8310 
1 8270 
1 8220 


1 7940 
1 7880 
1-7770 
1-7670 
1-7560 
1-7450 
1 7340 
1 7220 
1 7100 


1 6750 
1 6630 
1 6510 
1 6390 
1 6370 
1 6150 
1 6040 
1-5920 
1-5800 
1 5780 
1 5570 
1 5400 
1 5340 
I 5230 
15120 
1-501 
1 490 


77 65 
76 73 
76 91 
7610 
74 28 
73-17 
72 86 
71 83 
71 02 
7010 
60 38 
68 57 
67 76 
66-94 
66 12 
66-30 
64 48 
63 67 


69 69 
68 77 
67 98 
57-14 
56 32 
66 69 
64 69 
63 87 
63-05 
52 24 
61-42 
60-61 
49 79 
48 98 
48 16 
47 34 
46 53 
46 71 


1-398 
1 3866 
1 3790 
1-3700 
1-3610 
1 3610 
1 3420 
1 3330 
1 3240 
1 3160 
1 8060 
12976 
12890 
1 2810 
1-2720 
1-2640 
1 2560 
1-2476 
1-2390 
1-231 
1-223 
1 216 
1-2066 


11820 
1 1740 
1-1670 
1 1890 
1 1516 
1 1440 
11360 
1 1290 
1-1210 
11136 
1-1060 
1-0980 
10910 
1 0830 
1 0756 
1-0680 
10610 
1 0536 
1 0464 
1 0390 
1-0320 
1-0256 
10190 
1-0130 


39-18 
38 36 
87-58 
36-73 
86-82 
36-10 


3183 
31 02 
30 20 
29 38 
28-67 
27-76 
26-94 
26-12 
26-30 
24-49 
23 67 
22 86 
22 03 
21-22 
20-40 
19-68 
1877 
17 96 


13 87 
13 06 
12 24 
11 42 
10 61 


Denuatives of Bulphwric Acid. 

SutPHUEic Bbomidi!, SO”Br" Dromide of Sulphuryl Dromosidphuno Aoid. 
— Prepared like the corresponding chlonne-eompound. It is a white ei-j-alallino body, 
winch volatilises at ordinary temperatuies, and when heated m a sealed tube with 
excess of ailrer-sulphato, yields silvei-hi-omide and siilphiinc oxide, SO“Br“ + Ag“S0‘ 
= 2AgBi- + SO“ (0 d ling and Abel, Chem. Sec Qu. j. vh. 2,) 
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SuLPHnnfc CHI.OKHTDBATB, HCISO’ = (SO’y'jgQ Chlorhydrosulphuroua 
Acid. (A. W. Williamson, Proc. Eoy Soc vii 11 ) — This compfrand, donvod 
from sulphuric acid, (SO-)" HO HO. by the substitution of 1 at. Cl for 1 at HO, is 
tho first prodiirt of tho action of phosphoiic pcntachlondo upon strong sulphuric acid 

(Hoy-so= + PGP = ci(no)so' + hoi + poop. 

It IS also produced by tho action of water on .sulphuric chloride ; 

Cl-SO“ + H'O - Cl(HO)SO” + HCl, 
by tho direct combination of hydrochloric acid gns and sulphuric oxide ; and by the 
action of platinum-blaelc on an impcifectly dried mixture of chloimc and sulphurous 
oxide It appears also to he identical uitli the compound which H Kose obtained by 
distilling disulpliide of chlorine with fuming sulpliimc acid (p fl35) 

Sulphuric chlorhydrate is a colourless liquid, which hods at 145°, and is at the same 
time partially resolved into sulphuric acid and sulphuric chloride 2HG1SO’ = H-SO ' 
+ GPSO’ — By pentewldoride of pAospJioriis it is converted into sulphuric chloride — 
When poured into water, it sinks to the bottom, and gradually dissolves, with forni.i- 
tion of Bulphiirie and hydrochloric acids It has decidedly acid properties, and forms 
definite salts, in which its hydrogen is replaced by metals • thus it dissolves chloride 
of sodium, at a geiitlp boat, with evolution of hydrochloric acid and formation of the 
salt NaClSOb— Witli mtrats of sodium, it yields sulphate of sodium and chloride of 

Ha(N0»)0 + HCl.SO» = NaHSO* + NO'Cl. 

Ethyl- and phonyl-compounds analogous to sulpliurio chlorhydrate are produced by 
tlio direct combination of othylio and phenylic chloride with sulpluirie oxide — The 
cthyl^compotind, C“H*C1S0-, is a colourless, oily, pungent liquid, heavier than water, 
at the bottom of which it will he tor weeks without thoroughly decomposmg Sul- 
phuric and hydrochloric acids may, however, be detected immediately after its immer- 
sion, and on neutralising the liqind with baryta, a soluble barium-salt is formed, 
probably the etbylsulphato. — A similar compound is formed by chloride of methyl, 
and apparently also by cWoi-idc o/ accfyl. (R. Williamson, Chem Soc Qu. J.x 100.) 

Tho phenyl-compound, C‘H’C1S0“, is a liquid which, when treated with excess of 
jnilk of lime, forme a soluble culcium-salt, C'^H*0a"Gl''a*0®, which separates on evapo- 
ration in flat tabular crystals. (Hutoliinga, Ghem Soc, Qu J, X 102.) 

SuiiPHUBio CniOBiDE, SO'Cl'. Chloride of Siilphuryl Sulphuric Chlorcdde- 
hyde. CMorosulplmnc Acid. (Regnault, Ann. Ch. Phys [2],lxix 170,lxii 445 — 
A W. Williamson, Proc Eoy .Soc. vii 11) — ^Thia compound, which may be regaided 
as sulphuric acid in which 2 at. HO ur-o replaced by 2 at Cl, was discoiered by Kcg- 
nault, who first obtained it, mixed with clilorido of ethylene, by passing dry chlorine 
into a mixture of ethylene-gas and solphurous oxide , afterwards, m greater quantity, 
by exposing a mixture of chlorine and sulphuroua oxide gases to strong siinslnne for a 
considorablo time. The resulting liquid may be freed from excess of chlorine by 
agitation with mercury and subsequent distdlutiou It is also produced by the action 
of phosphoric pentachlondo on sulphuric oxide , but it is best obtained by distilling 
strong Bulphune acid with the pcntacliloride, or sulphate of la.id with the oxycliloride of 
phosphorus . 

SO» + PGP » SO«Cl» + POOP 

H’SO' + 2PCP = SO-'CP -4 2POCP + 2HC1 

3PbS0‘ + 2POCP = 3SO>CP + Pb’P'O* 

Sulphuric chloride is a colourless fuming liquid, of specific gravity 1-68. It boils at 
77°, and may he distilled unchanged over eiiustic lime or baryta. When poured into 
water, it sinks in the form of oily drops, which gradually disappear, being converted 
into hydroeblonc and sulphuric acids 

SOW + 2H70 = 2HC1 + H’SOb 
With alcohol it behaves m a similar manner, thus ■ 

SOW 2(0^*)HO = 2G*n»Gl -4 H-’SOb 
In the actual reaction, however, the sulphune acid is converted into ethylsnlphurio acid 
by the intervention of another atom of alcohol ; 

H’SO‘ -e (Cr*H>)HO = H’O + (C-H>)HSO'. 

With diy ammonia-gas, or with commercial sosquicarbonate of ammonia, it forms sul- 
phamjde, according to Eognanit 

SOW + 4NH> = 


2NE'Cl 4- H»H^S0’. 
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According to H Rose, however, the product thus obtained is a jniiture of sal-ammoniac 
and neutral sulphamate of ammonium (p. 476). 

HiTBoaosoLPHnnio Aoin, ffSO*(NOJ’. JSihmvJfjihwevs Aad. Aeoiylsuljthuno 
Aoid. Nzirosvlphuroua Acid — A dibasic acid, known only in its alkaline salts, which 
are produced by the simultaneous action of sulphurous and nitnc oxides on caustic 
alkaline solutions. (See Nitbososulphates, it. 116 ) 

Sulphates opNitbosttl or Akotyl — ^These are salts produced by the action 
of sulphuric acid and sulphuric anhydride on the oxides of nitrogen. Three of them 
are known, corresponding exactly in composition to the sulphites of sodium, thus 
Sodlum-iallB. Nitrosj-l-saUl. 

HNaSO* Acid sulphate H(N0)SO* 

Na*SO* Neutral sulphate (NO)’'SO* 

Na-S^O' Anhydroaulphate (N0fS®0'. 

Actd sulphate qf witroayl was obtained by Weltzien (Ann. Ch. Pharm. exv. 213 , 
Jahresb. 1860, p. 106), as a white crystalbno mass, by passing nitrous anhydride into 
normal sulphuric acid • 

2H*aO* + (N0)*0 = H’O + 2H(NO)SOh 
It IS probably identical with the componnd formed by heating the anhydrosiilphate 
with sulphuric acid containing a bttle water, and crystaUising • 

(N0)»S»0’ + E«0 = 2H(NO)SO*. 

Central sviphate of niirosyl, (NO)*SO', has been described by Gav-Lussac, Proro- 
staye, Mitsoherboh, and others. It is produced by the action of nitric peroxide on 
sulphui-ic aoid, thus : 

-t 4NO’ - (NO)»SO‘ + 2HNO». 

By this process, Gay-Lussac obtained it ciystalbsed in four-sided prisms It is also 
said to be produced by the action of nitric oxide on sulphuric acid fHonry and 
PI 1 ss 0 n) , by that of nitric peroxide on sulphurous acid (H D ,v vy) , by dissolving the 
anhydroaulphate in a small quantity of hot oil of vitriol (Provostay e), and in other 
ways {Bmelm’s Bandbooh, a. 447.) 

The anhydrosulphate ofmtrosyl, (N0)*S’0’ = (NO)’SO''.SO'', is formed by the 

action of sulphurous oxide on nitno peroxide (Provostaye), .also of sulphuric oxido 
on nitric oxide (Brnning), and by heating the compound NO^SO’, resulting from 
thedireot combination of nitricperoxideand sulphimc oxide (P. W cbeiO — fseo p .TO) 
It is a hard, white, amorphons mass, which fuses when heated, and volatibses wilhout 
decomposition. It dissolves m concentrated sulphuno acid, apparently without change , 
but with slightly diluted sulphuric acid, it forms a bulky eryatallme substance, pro- 
bably the aoid sulphate of nitrosyl When heated, it gives off brown vapours , and as 
the distillation is continued, the distillate approaches more and more to the composi- 
tion N'0».8S0», or (NO)-SO'.2SO>. (Weber, Jahresb 1802, p 94 ) 

All the sulphates of nitrosyl are deliquescent, and are inimodiatoly decomposed by 
water into sulphuric aoid and nitric oxide gas 
The crystals which form m the leaden chambers during the manufacture of oil of 
vitriol, when only an insuffieient quantity of steam is admitted, arc perhaps a mixture 
of the different sulphates of nitrosyl just noticed According to Weber, howover (loo, 
mt.), they consist entmely of the acid sulphate, H(NO)SOh 

MUTAtliia SunPKATBS. 

General formula, M’SO', or a multiple thereof. — The sulphates form a very abun- 
dant class of salts, which are usually obtained, as above mentioned, by the action of 
sulphuric acid on metals, or on their hydrates, oxides, and salts Some of them are 
formed by the decomposition of other snlphatos e q , ferrous sulphate by the action of 
metallic iron on cupric sulphate, and tlie latter by the action of metallic copper on the 
sulphate of silver produced in the process of gold-rcfining (n. 926) Insoluble sul- 
phates (as those of barium and lead) are formed by precipitation, and the sulphates of 
potassium and sodium may be formed by fusing the insoluble sulphates of barium, 
strontium, calcium, and lead with potassic or sodie carbonate, or by boiling the inso- 
luble sulphate with a solution of alkaline carbonate. Lastly, sulphates are formed by 
the oxidation of sulphides; the sulphates of iron, zinc, ,aud copper are obtained in this 
manner, by oxidation of the native sulphides of those metals. 

The sulphates may be divided into the following groups — 

1. Type, H“SO* = | 0=. — This group includes the sulphates of the mona- 

tho alkiili-raetals, 
.ilso double BiiUs, 


tomie metals and the neutral sulphates of tho diatomic metals. Wi^., 
sulphurio aoid forms acid and neutral salts e g , IfllSO* and K’SO' 
VoL. V. BP 
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such as (M'*) NaSO^ Potassium and sodium also form anhydrosulpliates, composed 
of a inoloculfi of the neutral stdt united mtli siilpliurie anhydride ey,NaSO'SO’ 
All the biilpliates of tlio ulkali-melals ara soliihla in irotor ; tlie neutral potassium-aalt, 
huiTovar, is much lass soluhle than any of the others 

Ihe dmtomie meula — that is to say, all tho oartli-metnls oxcepting aluminium, thon- 
niiui, and rirconuini, and the greater nuinher of tho heavy metals, — foiTu neutral 
Bulpimtos, ropresoiited by tho gener.il formula M"SOh The sulphates of barium, 
Btrontinm, ealcium, mid lend arc found native. The hariuni- and lead-salts are inso- 
luble in Water , tlio strontinni-salt almost iimlnhlo , tho ealciuin-aalt slightly soluhle ; 
tho lu.iguusiiiin-salt and the heavy metal sulphatea are freely aoluhlo, except that of 
nioreur), Hg'SO', which is decomposed hyw.itor The heavy metal sidpliates have 
an acul reaction, and all of them, except tho sulphate of lead, and perhaps those of 
miingmiese and zinc, are decomposed by ignition 
2. Stilphatos formai cm, ihe Type of a Touhle Molcmile of Sulphuric Acid, 

= ^ I®*- — group meludoa a few simple sulphates (e. g., stannic sulphate, 

Sii'’S'0", and zirconic Bulpiliulv, Zr'’S'0“) and a large niimher of double sulphates, 
CQut.miiiig (a), 1 .atom of ,i dtiilomic and 2 atoms of a monatoinio metal, sudi as 
potusbio-cnpiie sulphate, K-’(Ju'’S'0" , (;8), 1 atom of mouatonne and 1 athm of 
truitoiiiic metal, such as common aliiiii, or potnssio-alumiiuc sulphite, KAV"S-0“. 
All these iloiihlo sulphates nro soluble salts, docompoeiblo into tlieir constituent 
Milts by excess ot water or by diSusion The sub-group o likewise includes the 
acid sulplmtes of barium and c.ilciiiiii, Ba"H''S’0‘ and Oa"H.*S"0®. 


3 Type, II'S’D” « ^ ^ O'. — This gi'oup includes the neutral sulphates of 

tho triiitomic inetabs a (y , Al'.S'O”, bVS’O'', &c Those salts are often found 
iiatno’ they are soluhle, strongly and compounds, dccomposible by ignition. To 
the s.ime group belong certain and and double sulphates of tlio alkah-metals . eg , 
K'H”-S'0'« and K'Li'S’O'* 

There are .ilso a few sulphates derived from higher multiples of H'SO', which will 
bo noticed fuither on 

Ne.irlj all sulplutos are piystallisoble. The insoluble or difSeiiltly soluble sulphates 
of load, bavnim, strontium, .iiid calcium occur native, in large well-defined oiystals; 
many soluble sulphates also in smaller crystals, or crystalline masses Many crystal- 
line sulphates eontam considevablo quantities of water of crystallisation thus the 
sulph,ites of iron, cobalt, nickel, manganese, zinc, and magnesium crystallise mtli 
7 at. water , the double sidphates ot the alkah-metals ,and the metals of tho ferro- 
inagiiesiHu group ivitli 6 at water, the alums with 12 at water. 

Among the crystalline sulphates, there are several isomorphous giwips — viz , the 
anhydrous Rulphiites of potassium and sodium (tnnietrie) , tho aniiydrous sulphates of 
calcium, strontium, harram, and lead (trimetne); the pentahydrated sulphates of 
mansaneso and copper (trielmie) ; the liexliydruted sulphates of zinc, nickel, and 
cobalt (monoclime) ; tho hoxhydrated double sulphates of tho alkali-motals witli 
magnesium, zinc, nickel, cobalt, iron, manganese, and copper— cy, IMTg"8'0» 6H-0 
(moiieelmiel, and the alums, or dodecahy dr.ited double siilph.itea of tlie alkah-metals 
with the sulphates of triatomic metals— CO, KA1'"S'0«.12H'0 (monometrio, and 
mostly octahedral) 

Tho simple sulphates of the ferromngnesian family, with 5 or 7 at w.itor, retain 
1 at with very consideruhlo force Thus sidphato of magnesium, IVIgSO’ 7n'0, 
loses 6 lit. water at a temperature not much above 100° , but it holds ijaok the 
seventh mom, even when be.it<id to upw.ivds of 200°, This last atom of water vet.uiicd 
by tile ferromngnesian sulphates was called, by Graham, eoiistitutional 
water Tile moiiohvdr.vtedsnlphatesof tho form M"SO' H'O are analogous to glacial 
sulphuric acid, H-SO* H'O. 


The dodeeahydrated doublo sulphates of the alkah-metalH and UiHtoime metals con- 
stitute the true .ilunis The sulphates of ammonium, potasaium, and sodium are 
cupahleoftbrmmgalnmswithtliealumime.feme.chiomic, and manganic sulphates the 
existence of aodium-iron-alum and sodinm-manganese-ulum appears, iiowevcr, to 
be doubtful Alums have also been formed containing the monatomic metals, 
thaUium and silver eg , silrer-iiluminium-alum, AgAl'"S'0' 12H'0 ; and Wurtz has 
obtained an etliyl-aromonuim-alum, (C-’H'N) Al'"S=0«,iaH'0. In addition to these, 
theio ai-e several pseudo-alums derived in like manner ftom 2 at sulpliui'ic 
acul, but having a different niimher of atoms of orystallisation-water, or a different 
crystalline form— cp., KCr’"S-O',GH-0 , or containing rlintomio metals, and derived 
from i at sulphuric .ind. such as Mir(Ar)"-S'0'« 2iH»0 ; WCFo'y .S'O"' SlH'O &c 
Tho gowune alums are all soluble in water, forming solutions which have a styptic 
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taste, and marked acid reaction The first effect of heat upon the alums is to drive 
off their water of crystallisation , a further degree of heat renders tlie dried residues 
very difficultly aoluhle m water, while a still higher temperature converts them into 
haaio salts by the loss of sulphuric anhydride. The ammonium-alums, when heated, 
leave a residue of pure trioxide. The fixed alkali-alums leave a residue of trioxide 
mixed with sulphate of alkah-metal. It requires a very powerful and prolonged heat 
to drive off the last traces of snlphurie acid from the trioxides thus produced 

Sasu; Sulphates — Most of the alums yield more or less defined basic salts. The 
beat known of these is the native crystalline alum-stone, having the formula KA]S*0“ 
Al-O" 4H®0 It corresponds in composition with the basic ammonium-alum formed 
by digesting gelatinous alumina m a hot solution of the normal alum, and having the 
formula (NH*)A1S»0“ A1“0».4H“0. 

The diatomic metals yield a large number of basic sulphates, which may he regarded 
as normal sulphates, combined with metallic oxide replacing the water of hydrated 
sulphuric acid on its salts Thus there is a dibasic sulphate of zinc, Zff'SO'* Zn"0, 
corrosjionding to glacial sulphuric aeid, H-SO‘ H’O , a trihasic sulphate of meremy, 
Hg''S0*.2Hg"0, corresponding to the second hydrate of sulphiuiic ueid, H®SO‘ 2H-0 , 
and a tribiisio sulphate of copper, Cu''S0''.2Cn"0 3ffO, corresponding po blue vitriol, 
Cii"SO* 6H'0. Much more highly basic sulphates may also be obtained, and will bo 
described in their places Most of these basic sulphates are insoluble m water, and 
those few which are soluble are decomposed by a great excess of water into metalbo 
oxide or hydrate and normal metallic sulphate. 

Respecting the reactions of sulphates, see p. 638. 

Sulphates of Aluznlnlum. — «. The normal (or iieutraV) sitlphatc, Al'“(SO*)* = 
AbO* 3SO’, occurs, as a hydrate containing 18 at. water, m delicate fibrous masses or 
mists, lu various localities as at Bilm in Bohemia, on the volcanic island of Milo 
in the Grecian Arehipolago, in the crater of the volcano of Paste, at Copiapo in 
Chile, Adelaide in Australia, &o . it is known mmoralogicnlly as alunogea, hatr-salt, 
feather alum, and hcdotnckite. Hardness = 1 5 to 2 Specific gravity = 1 6 to 1 8 
Lustre vitreous. Colour white, or tinged witli yellow and red Subtianslucent to sub 
transparent 

This salt 13 prepared on the large scale as concentrated alum, for use m dyeing 
instead of common alum, by treating pure clay with strong eulpliurie acid The clay, 
which must be as ftoe as possible from iron, is heated to redness to render it porous, 
then finely ground, and mixed with half its weight of sulphuric acid of specific gravity 
1 48, in a reverberatory furnace, the hearth of which has the form of a walled pan The 
mixture is heated till the acid begins to volatihse, the mass is exposed to the air for 
several days, then tre.ited with water , and the resulting solution of nliumme sulphate 
IS freed from iron by careful precipitation with ferroeyunide of pot-issium The solu- 
tion thus purified is then evaporated to a .syruj), and transferred to small Icadeu pans, 
in which it solidifies to a crystalline mass (Dumas) Aocoi'ding to Hnrier and 
Brunei (Pharm. Centr. 1862, p 614), this salt may also bo obtained [anhydrous] by 
heating ammonium-iilum in iron cylinders, the sulpiiite of ammonium tliereby 
evolved being roeeivad m water, and reconverted into sulphate by oxidation in tlie air 
According to Person (Ann Ch. Phys [3], Ivi. 102), a solution of alum, or of sulpiute, 
nitrate, or chloride of ahuniniiim, mixed with a large excess of boiling concentrated 
sulphuric acid, deposits the anliydrons sulphate us a white powder 

Neutral aliimimc sulphate crystallises with difficulty m thin, fiexiblc, nacroons 
laminae, having a sweetish taste, soluble m 2 pts of water, insolnhle in alcohol 
According to Person, the crystallisation is ranch facilitated by adding alcohol to the 
solution The salt when heated melts in its water of crystallisation, swells up 
strongly, and leaves a white porous mass, consisting of the anhydi'ous sulphate, 
which dissolves very slowly in water, and when boated to redness leaves pure 
alumina. 

fi Basic Salts— Dihnsic alumintc sulphate, 2A1'0’3S0» = AP(SO')“ Al^O^is 
obtained by heating a solution of tbo normal sulphate with alumina or with the fol- 
lowing salt, filtering while hot, and evaporating lo dryness at a gentle heat It is a 
gummy mass, which is decomposed by water into the normal sulphate and tbo tiibasic 
salt (Mans, Pogg Ann. xi 80) 

The trihasio seUpluite, 3A1'0’.S0» 8H>0, or A1=(S0<)«.2A1=0“ 9H“0, occurs native as 
alummiie, a white, opaque, earthy mineral, of speeiflc gravity 1 70 , it is also procipit.ned 
from the solution of the normal sulphate on .uldition of a small quantity ol' nnimonm 
It dissolves m hydrochloric acid, and at a red heat gives off sulphuric oxide, and leaves 
alumina 

The tetrabam salt, dAl^O’.SSO^ SeH’O or Af“(RO')“ 3A1®0» 36ffO. is produced by 
digesting finely-divided calcic carbonate, for several days, in a cold solution of alum m 
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excess. It is perceptibly crystalline, and very soluble in dilute acids, eron in warm 
acetic acid — ^The same salt is obtained by the action of zinc on a cold solution of 
normal altiminic snlphnto. The action is very slow, even wlien eloctroljtically acce- 
lerated by placing the niateriids on a pUtinum-dish , but after a week, a transparent 
jelly IS obtained, ivliioh, wlien.sipiiratod by wiishing from zinc and excess of aliimimo 
sulpliatc, and dried over oil of vitriol, solidifies in small tiansparent masses having a 
viti'umis frncture (Dobriiy, Bull. Soc. Cbim. [2], vii 1 ) 

The jieiitalMiiic salt, fiiU-0“.3S0* 20H-O, is obtained by gently boiling a solution of 
tho iiorin.il suit with zinc in a platinnm-dish A granular pvoeipitato is thereby 
formed, t.iBy to wash, and soluble in dilute amds ; it gives off its water at 100°. (D e - 
bray.) 

7 Double Salts of Aluininio Sulphate. Alums — The formula of normal 
alumime .dnm is Al"'MlSO<)’ 12H^O, M denoting a moiutomic, and for the most part 
an alhali-nietal Their genei.al characters have been already described (p. 679) 

A»ii)ioii?v-alumimc Sulphate, AltNII'‘)SO* 12H“0 Animoma-alum — This salt is pre- 
pared, like potash-alum, by adibng sulphate or chloride of ammonium to a solution of 
alumimc sulpliate It is also found native as tachcrmrgite, at Tsohermig in Bohemia, 
in nctaliodrons and fibrous mas'-cs hardness = 1 to 2; specific gravity ■= 156. 
According to Buign ct ( Jaliresb 1861, p 16), the specific gravity of the artificially pre- 
p.itcd cryBt,d3 is 1 653 It is moie soluble in water than potasli-iilum, 100 pts of 
w.itci dissolving 6 22 pts of it at 0°, and 421 9 pts. at 100° In other respects it 
boars llio closest resemblance to potasb-ahvm, and is used for the same purposes , in 
fact, tlio application of tlio alums as mordants, &c , depends upon the sulpliate of 
alurainiuDi wbicli they contain, not on the alkaline sulphate. 'When heated to redness, 

it leaves anhydrous alumina, uud when heated with alkalis, it gives off ammonia A 

/lime ammoma-alum, analogous to basic potash-alum, is obtained by gradually adding 
lunmunia to a boiling solution of the normal alum, but not to complete saturn- 

Aegenio-alu/ninio sulphate, or vSilticr-ofiHa, AlAg(SO*)«.12H'0, is obtained 
by ho,itmg equiv.ileut quantities of argeiiti c and aluramie sulphate with a small quantity 
of water, iii im oil-bath, till the argentic sulphate is coinplotoly dissolved. It orya- 
tallisss in ooUiliedrons, and is resolved by water into its component suits (Church, 
Chem. News, IX 165) 

Casio-aluminic sulphate, or C ip slum -alum, AlCs(SO‘)n 211=0, crystallises 
in octahedrons, having a glassy lustre (Bunsen), 100 pts. of water at 17° dissolve 
0 619 pt of tills salt, m hot water it dissolves as easily ns potash-alum • (J. Red- 
tenbacher, J. pr. Chem. xciv 42) 

Potassio-alumtmo sulphate, or Potash-alum, A1K(S0*)= 12H=0 — This is 
the salt to which the name alum is most generally applied It is obtained by adding 
sulphate or chloride of potassium to a solution of sulphate of aluminium The sulphate 
of aluminium is sometimes prop,ircd for this purpose from clay by tlie action of sul- 
phuric acid in the manner already described, but more frequently by the calcination of 
aluminous schists, which are argiUaeoous rocks containing considerable quantities of 
sulphule of iron. The sulphide of iron is converted, hy exposure to the am, into ferrous 
sulphate and free sulphuno acid • 

2]?eS= -e 0= -e H=0 = Fo"SO< + H-'SO', 
and tho sulphuiic aeid, acting on the alumina contained in the clay, foims sulphate of 
aluniJinnm. Tho'^ealuminoiis schists are found in two diftercnt geological positions— 
VIZ , 111 tho tmiiRition strata [ahim-slato], m which position they are largely im- 
pregnatpci mth bitumen ; and in tho lower tei-tiury stnitii, just above the chalk 
[alum-earth] The latter aie much less compact than tho former, coneequently their 
oxidation is easier, and sometnues takes place Bpontaneoualy The greater pevrt of the 
alum manufactured m England, France, and G-eriunny la obtained from tlio aluminoua 


Tlic most extensile alum mamif.ictory in Great Britain is at Hnrlett, near Paisley. 
The next m magnitude is atlVbitby, of whoso state and processes an mstructi4 
account was published by Mr Winter in the twenty-fifth volume of " Nicholson’s 
Journal Ihc stiatiim of alummons schist is about twenty-niuo miles in width, and is 
covered by strata ot allunal soil, sandstone, ironstone, shell, and clay Tbealum-sohist 
is geiioniiJy iound dihposed in horizontal laminae. The iiddav nart- of t-.h^ vooV lo +Vi/x 


w.uxevi imuwd,! boii, S^ubtone, ironstone, sUelJ, and clay The alum-schist 

IS geiioniiJy tounil dihposed in horizontal laminae. The upper part of the rock is tho 
most abmidant in sulplnir so that a cubic yard taken from the top of the stratum is 
five times more valuable thun the s.ima bulk 100 fact below. 

If a quantity of the schist be laid in a heap, and moistened with sea-water, it will 
take the sponranconsly, and continue to burn till the whole mflammablo m.itter iscon- 
prmcqd^ to a“ohol’“ ^8 It imparts a bituminous 
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The rock, broken into small pieces, is laid on a horizontal bed of fiiel, eomposed of 
brushwood, Sic When about four feet in height of the rook is piled on, flro is set to the 
bottom, and fresh rock continually poured upon the pile. This is continued until the 
calcined heap is raised to the height of 90 or 100 feet. Its horizontal area is at the same 
time progressively extended, tdl it forms a great bed nearly 200 feet square, having 
about 100,000 yards of solid measurement The rapidity of the combustion is allayed 
by plastering up the crevices with small schist moistened. Notwithstanding this pre- 
caution, a great deal of sulphuric or sulphurous acid is dissipated. 130 tons of calcined 
bohiet produce, ou an average, one ton of alum This result has boon deduced from 
an average of 160,000 tons. 

The calcined mineral is digested with water in pits usually containing about 60 
cubic yards. The liquid is drawn off into cisterns, and afterwards pumped up aMin 
upon fi-esh calcined imiac This is repeated until the specific gravity becomes 1'16. The 
half-exhausted schist is then covered with water to take up the whole soluble matter. 
The strong liquor is drawn off into setthng cisterns, where the sulphate of hmo, iron, 
and earth are deposited. At some works the liquid is boiled, which aids ita purifica- 
tion, It is then run into leaden pans 10 feet long, 4 feot 0 inches wide, 2 feet 
2 inches deep at the one end, and 2 feet 8 inches at the other. This slope faci- 
litates the emptying of the pans Here the liquor is conoontratod at the hoilmg heat. 
Every morning the pans are emptied into a settling cistern, and a solution of chloride 
of potassium (eitlier pretty pure from the raanufactorer, or crude and compound from 
the soap-boiler) is added. The quantity of chloride necessary is determined by a 
previous experiment in a haaiu, and is regulated for the workmen by the hydrometer 
By this addition, the pan-liquor, which had acquired a specific gravity of l'4or 1 5, is 
reduced to 1 36 After being allowed to settle for two hours, it is run off into the 
coolers to be orystallised. At a greater epcciflo gravity than 1 36, the liquor, instead 
of crystallising, would, on coohng, solidify in a magma resembbng grease. Urine is 
occasionally added, to bring it down to the proper density 

After standing four days, tlie mothor-water.b are drained off, to be pumped into the 
on the succeeding day The crystals of alum are wuslied in a tub and drained. 
They are then put into a lead pan, with iis much water ae will make a saturated 
solution at the hoihug-pomt Whenever this is effected, the solution is run off into 
casks. At the end of ten or sixteen days, tlic casks .iie unliooped and Uken asunder. 
The alum is found exteriorly in a solid cake, but m the interior cavity in large 
pyramidal crystals, consisting of octahedrons, inserted successively into one another. 
This last process is called “roching” Mr. Winter says that 22 tons of chloride of 
potassium will produce 100 tons of alum, to which 31 tons of the black ashes of the 
soap-boiler, or 73 of k‘6lp, are equivalent Where much iron exists in the alum-ore, 
the alkaline chloride, by its decomposition, gives rise to an uncryslulliauble chloride ol 
iron, For this reason it is preferable to the sulphate of potassium. 

Alum may also he obtained from cryolite, Al^'* SNiiF, by heating the mineral with 
three times its weight of strong sulphuric acid, whereby anhydrous neutral sulphate of 
alimimium and aoid.sulphuta of sodium are obtained; treating the resulting mass with 
a small quantity of cold water to remove the acid sodium-attlt, then digesting the 
anhydrous sulphate of aluminium with warm water, to eonvort it into the hydrated 
salt, and adding the proper quantity of sulphate of potassium The alum thus obtained 
IS nearly if not quite free from iron. (Persoz, Ann Ch Phys [3] Ivi 105) 

At Tolfa near Rome, and in two or three other lucaUties, there is found a mineral 
called alumte or aUm-htone, consisting of common alum togothor with noiniiil hydiate 
of aluminium, AlK(SO<)' 2A1H’0* Now when this mineral is calcined, nt a niodaiate 
heat, the hydrate of alnmimum is decomposed into water and iiahjrtrous aluraina, 
while the sulphate of aluminnim and potassium remains unaltered, prov ided the heat 
has been prevented from rising too high , and on treating the ralcinod muss with 
water, tho double sulphate dissolves, whde the aluraimi remains behind. Tho mincr<J 
before calcination is quite insoluble in water. The solution when evaporated yields 
tlie alum in cubic ciystnls, generally having a reddish tint produced by fornc oxide. 
This kind of alum, called Smiian alum, is much valued by dyers, because the non 
which it contains is in an insoluble state, and therefore cannot exert any injurious 
effect on the colours. — Alum prepared m the ordinary way always contains iron in tho 
soluble state, viz. as feme sidphato, 1V(S0‘)*, wliidi, being isomorphoiis with solphato 
of uUmiimum, is difficult to icmove by succcssiic crystallisation It may bo precipi- 
tated by feiTOcyamde of potassium, as described in the preparation of sulphate of 
aluminium , but a cheuper way, recommended by Thouard, is to dissolve the alum in 
boiling water, and stir the solution briskly with rods as ib cools. The salt is thus 
reduc^ to a fine granular powder, which, when washed two or three times with cold 
water, yields alum containing only a trai c of iron [On the manufacture of alum, see 
further Urils SMtiomnj of At ts, &c. i, 1(11— 118 J 
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Alum Bometimes occurs m uitnie ready formed. This is tha case at Pozznoli near 
Naples, where it effluresees ou the surface of the soil It is dissolved out by water, and 
ciyaUllised by evaiioi-ation 

Alum generally crystallises in regular octahedrons and in cubes. Its spoeiflo gravity 
Is 1 7 The octahedral crystals are the most common, and are always deposited from 
boiling concentiated soUitions. The cubic crystals have on especial tendency to form 
in solutions eoiitnming nn excess of alumina, and at a temperature not exceeding 60°, as 
in the preparation of Eoman alum If carbonate of potassium be added to a solution 
of octahedral ulnm in water at 40° or 45°, till the precipitate ceases to redissolve com- 
pletely, and the filtered liquor bo then left to itself at u gentle heat, cubic alum will be 
obtained quite free from iron. On the other hand, when a solution of cubic alum in cold 
water is abandoned to spontaueoiis evaporation, the alum is deposited m octahedrons 
The two toinis are identical in composition (Lowel, Compt rend xxxvi. 696) Some- 
times intermediate forms occur, like Ji^s. 194, 196, 196 (OnYSTAia.oanAi'HY, li. 129), 
or combinations of the cube and oct^iedron with other forms of tho monometne 
system, like fys 190, 202, 204, 205, 208, 209, 212, 273 (ii 130-132) , also aggre- 
gates and distorted forms, Idce/^s 316, 317, 317, 348, &e (ii. 169, 104). 

According to Poggiale, 100 pts of water dissolve 3 29 pts of crystallised alum at 
0° , 9 52 pts at 10- , 22 pts. at 30° , 31 pts at 60° , 80 pts at 70°, and 367 pts. at 
100° [OtaAam'e Elaiwnii, 2nd edition, i 607). The solution hiiB a sweet and strongly 
astringent taste, an acid reaction, imd dissolves zinc and iron, with evolution of hydro- 
gen.—When 2 pts. of alum .ire dissolved in 1 jit. of boiling water, and the 
solution IS loft to cool in a closed vessel, no crystallisation takes place , but as soon as 
the vessel is opened, small octahedral crystals begin to foim on tho snrfaco, and in a 
short tune Oie cryst.illisation extends through the whole mass This is an instance of 
siiprrsaturation similar to that exhibited by sulphate of sodium: (Lowol, Ann Ch. 
Thys. [3], sill 405.) 

Cijstallisedalum effloresces slightly on exposure to the air Accordingto Hertwig 
(Pogg. Ann. Iv. 99), it gives oil 6 iit. watce: at 100°, and4j^ at, more at 120°, leavmg a 
rcHidue eontaiimig 2AlK(SO*)'‘ 6H''0. This residue evoliod 4at. water at 180°, leaving 
2.11Tv(SO^)®H®0 , and at 200°, half of this romiuimig quantity is given off, leaving 
4 VHKiSO*)* + H®0. According to Gerhaidt (J Phurin [2], xii, 67) crystallised 
ahim gives off 10 at water at 120°, leaving a residue easily soluble in water , and 
at 200“, the whole is expelled, and tho remaining anhydrous alum, sometimes called 
burnt alum, is insoluble. Alum heated to redness mth ehoreoal in a close vessel 
yields a mixture called .&Wfl6e/ p’s yiyJopAoi MS, which boc-oinos red-hot on exposure to 
the air. It consists of very finely-divided charcoal and sulphide of potassium, inter- 
mixed with Milpliate of aluminium. 

Alum is useil in laigo quantities in many manufactures, especially in dyeing as a 
mordant lYhen added to tallow, it renders that substance hardoi. Rinters' cushions 
and the blocks used in the oalieo-manufiictory are rubbed with burnt alum, to remove any 
greasmess that might prevent the ink or colour from sticking Wood sufficiently 
soaked ill a solution of alnm does not easily take fire, and tho same is time of paper 
impregnated Vith it, which is moiiwer llttei for keeping gunpowder, ns it cxolndes 
moisture Paper impregnated with alum is also useful in whitening silver ond silvering 
br.iss without heat Alum mixed with milk taciliUtes the sopai-ation of the butter. 
Alum IS also used in timning In medicine it is employed as an astringent. — On this 
addition of alum to broad, see i. 058. 

Hatte Alum, jj^^jdSO” = AlK(SO*)*. A1*0* — This compound occurs native 
with (lifforeiit pioportions of water, as AluniU and Louiii/it/, 

Al unite or Alum-sleme, AlK(SO')° A1“0^ 3H“0 .= AIK( SO*)“ 2A1H»0^* is found 
chiefly m volcanic districts, as atTolfu near Cmta Veechia, at the Solfatara near Naples, 
and at Puy do Garcy in Auvergne. It occurs in rhoinboheibal crystals, having the 
.lugloE E c 80° Kf ; oB . B 124' 40', and length of principal axis = 
1 2523 ObseiTed planes E, oE, f B, ^E, - SB, and - 2B (Brejthaupt) 
Cle.iv.igo nearly perfect parallel to tho base, inoistmet paraUel to E It also 
occurs massive, with a granular or impalpable texture Hardness 3 5 to 4. 
Specific gravity =. 2 68 to 2 752. It has a vitreous lustre, white colour (eometimts 
gi'eyisli or leddish), and white streak Transpai'eiit to subtranshicent. Fracture flat, 
conchoidal, or uneven , of nussive varieties splmtery, sometimes earthy Brittle. The 
ciystals of this mineral are nearly jmro, the massive varieties contain silica sometimes 
to the amount of 60 pel cent It is used for tho preparation of Boman alum (p 681). 

A s.alt identical in composition with aluiiito is precipitated as a crystallino powder 
when a solution of alum is boiled with gelatinous alumina. 
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4S0»9H»0 - 2[ALK(S0<)>! 2Aia»0“].3H>'0, occurs at Tolfa near 
Borne and at Taberze in Upper Silesia, in amorphous nodules having a perfectly crystalline 
fracture , hardness between 3 and 4 , specific giavity = 2 63. At the temperature of 
boiling sulphur, it gives off 2 18 per cent (=1 at.) -water, and at a slightly higher 
temparaturo 6’67 per cent, water together with sulphuric acid, leavii^ a residue, £ora 
■which water ostraots sulphate of potassium, hut only small quantities of alumina. 
(F. Eomer and Lowig, Jahreah 1856, p. 877. — ^A. Mitscherlieh, J. pr. Gliem. 
IxiiUi. 474.) 

A .salt having the same composition is produced, with evolution of hydrogen, by the 
action of zinc on a solution of common alum Tlie action is slow, even in a wami 
solution, unless assisted by placing the zine in contact -with lead or platinum By 
operating lu a platinum capsule .it 100°, the salt is readily obtamed as a crystalline 
precipitate Like alumte and lowigite, it is nearly insoluhla in uitnc and in hydro- 
chloric acids, and can only bo attacked by Bulphiiric acid diluted with an equal hulk of 
water (D obray, Bull. Soc Chim [2], vii 9) 

Eubidzo-ahnmmc sulphate, or Bwbtdinm-alum, AlIlb(SO<)“ 12IPO, forms 
largo, transparent, non-efflorescent, octahedral crystals, modified with faces of the 
euho and dodecahedron (Kirehhoff and Bunsen) 100 pts. of water at 17° dissolve 
2 27 pta. of It, in hot water it dissolves as easily as potash-alum. (J. Bedten- 
bacher, Jalu'esb 1886, p 704) 

Sodzo-aliimzmo sulphate, or Soda-alum, AlN'a(SO')M2H*0, is found native, 
ill fibrous crusts or masBos, on the island of Milo in the Grecian Archipelago, at the 
Solfiitara near Naples, and near Mendoza on the east of the Andes. It may bo 
prepared artificially in the same manner as common potash-alnm, and obtained in large 
splendid octahedrons, by leaving u solution of the component salts to evaporate spoU' 
tanoously in .i ratlier deep glass vessel, and covered with a layer of alcohol. It is 
much more soluble than potash-alum. 10 pts. of water at ordinary temporutuios dis- 
solving 11 pta of it. 

Thallio-aluminio sulphate, ot Thallium-alum, AlTl(SO')M2IPO, crystal- 
lises in regular octahedions (Lamy.) 

Pseudo-alums containing Diatomic Metals. — Ferroso-aluminio sulphate, 
■^J,^^’|4S0«.24H'0 = id“FB"(S0»)<.24H»0, IS produced (according to K1 an er) when 
a solution of the component salts, mixed with excess of sulphnnoacid, is left to stand in 
a warm place, and crystallises after a few days in tufts of silky fibres 

The same salt occurs native, as haloinchttc oi feather-alum (in part), at Bodcnmais 
and Morsfold in Rhenish Bavaria, at Oroomiali in Persia (whore it is used for making 
ink), and probably at Eoseville, Richmond County, New Yoik. It forms fibrous, silky, 
yollowish-white crystals, which become dull and pulverulent on exposure, and taste 
like common alum, but somewhat inky (Borthier, Rainmelsberg, B Silhman, 
Jun , Bartels Mineralogy, ii. 383). — The hversalt of Forchkammer, from Iceland, is 
an allied alum ha-ving the alumina partly replaced hy ferric oxide, and the ferrous oxide 
by magnesia. — The haloinchvne of Scaechi is a silky mineral from tlie Solfatava, con- 
taining ^^^!°''|6S0=.64H“0. 

APO»1 

Ferroso-potassio-dumimo sulphate, 12Ve”0>l1S0'‘ii'B?0, remains in the earthy 
2K>0 J 

residue left on distillingthe sulphurons soil of the crater of the ,Solf.itara near Naples. 
It crystallises in bottle-green octahedrons, which are perniaucnt m tho air, and 
dissolve sparingly in -water (DufrAnay.) 

Maynesto-alwmmc sulphate, or Magnesia-alum, Al'Mg(SO-')'‘ 24H“0, crystallises from 
a solution of the eonstotnent salts containing a considerable excess of acid, in long 
needle-shaped crystals It occurs native in similar crystals, as feather-edum or 'piclcr- 
ingite A specimen fi'om Iqnique in Peru was found by Hayes (Sill. Am. J. xlvi. 
368) to contain 12 180 per cent alumina, 4 682 magnosi.i, 36 322 sulphuric anhydride, 
and 45 460 water, besides 0 430 ferrous and mangauoua oxides, 0 126 lime, and 0 GO I 
silica (= 99 744), agreeing nearly with the preceding formulse. The magnesium is 
often replaced to n considerable extent by manganese, forming mangano-magntBiim 

According to Klauer, a mixture of magnesie and aluniinic sulphates containing free 
acid sometimes yields, by slow evaporation, warty groups of small prismatic crystals, 
containing jimg^SO')' SeH-'O. 

Manganoso-aluimmc sulphate, or Manganese-alum, APMn(SO')' 24H“0, occurs, with 
the manganese more or less replaced hy luagiicsinm, in snow-white silky fibres, at 
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Liigoa Bay in Soutli Afiiea (Apjolin, Plul Mag [3], xii 103), near the Bosjoraan 
I'i\6r in South Africa (Stromey er. Pugg Ann. xxxi. 137), and near Lake Utah m 
North America ^Smith, SiU Ara. J [2], xTiii. 372) • 

SO’ ariO’ MnO MrO. K^O H’O, KCl. 

Lagoa Bay 33 61 10 65 6 60 0 36 . . 4816 . = 99'27 

Boaieman rirer 36 77 11'61 1 95 3 69 . . 46 74 0 20 = 99-89 

Lake Utah 38 86 10 40 212 3-94 0 20 46-00 . . = 100-61 

The deposit at Lagoa Bay is twenty feet thick, and is made np of fibrons crystals six 
inches long 

S-alpbates of Ammonium— Aoitf, (NH'')HS0‘.— Aeiriraf, (NH:')®S0*.— Already 
deaci-ibed under Ammonulca-l Sw.ts (i 193) 

Ammmno-sodic tulpkale, (NH')N'ttSOL2H-'0, crystallises from a mixture of sodio 
sulphate and animonic chloride, or of aminonio sulphate and sodic chloride, either by 
slow o-mporation, or from a solution concentrated by heat till a cryatallinB film forms 
on the BiirfdCD. It is permansnt in the air, gives off its crystalhsation-watev over oil 
of vitnol, and slowly lecovers it on exposuie to the air at 16° or 16°. Specifle gravity 
of the crystallised sit = 1 63 at 15° ; thatof a solution of various strengths is as fol- 
lows; 

Pcrcentage of crystallised salt 31 8 25 44 15 9 12-72 , 6-3 

Specific gravity 1 1749 1 1380 1 0849 1 0679 1-0337 

At a Bti-oiiger he.it, tho duhydiutod salt giies off ammonia, and leaves aeid sulphate of 
bodiuiu. (S eh iff, Ann Ch Ph.u-m cxir 68) 

Sulphates of Antimony — Neutrd antimomous sdpkaie, Sb'(S0*)', formed by 
bniling antimony with strong sulphuric acid, is a white saline mass, which is resolved 
by wider into ainnsoluble basic and a soluble acid salt. According toBrundes, the 
salt ciystnllises, from solution in excess of sulplmiio .icid, m small needles. 

8ovei,d bnsie snlpliates of antimony are known — A saquihasw salt, Sb'^O® 2S0“ = 
Sb-'0*.2Sb-'(S0‘)*, IS produced, nccoi-ding to Piligot, m small shining crystals, by 
freuting oxychloride of antimony (ulgaroth-powder) with fuming sulphuric acid. — The 
riiiasic laft, SVO’ SO" = 28^0’ Sh (SO')", is obtained by digesting the preceding 
salt in tho piilvorisod state with .ileoliol, and remains as a white powder on filtration 
tBrandes) — The /leiiasio .sn/t, 2Sb-'0" SO" = 6Sb '0" Sb"(S0‘)", is formed from tho 
sesquihasio s,ilt by boiling with uater 

An ncii autimomoiiH stdphalc, Sb-'O" 4S0’ = Sb"(SO")" SO", is formed, with evolu- 
tion of Indrocliloric acid, by ti-e.iting poudei- of alg.iroth with strong sulphurio acid. 
It orystallises in needles, u Inch, hou ei er, cannot be obtained in the dry state, except by 
keeping them fora long time m ,i vacuum on a plate of baked pipe-day (Piligot.) 

Sulphates of Barium. — Tho niutial SK/p/iatc, Bii''SO eoeurs very abundantly in 
luituro as Heavy spai or Sa)i/i<s, sometmios in crystals belonging to the trunotno 
system, sometimes m.issive (see Heavy Spar, iii 137). It may be obtained as a 
crj-stalliue powder by fusing 12 gims. of potassie sulphate with 62 grms anhydrous 
chlondo of hiriuiu in a woll-elosed crucible, and dissolving out the soluble salts with 
water. Tho oiystals thus obhiitied .igreo in form and spocifio gravity with native 
lie.ivy spin- (Manross, Ann Ch Phium Ixxxii 348 , Jnhresb. 1862, p 9.) 

By precipitating the solution of a harmm-salt with stilphune acid or a solnbls 
Biilpli.ito, sulphate of barium is obtained, as a heavy, white, amorphous powder, of 
specific gravity 4 0‘1 — 4 61 (Schroder, Jahreab. 1859, p 12), insoluble in water, 
s-ery slightly soluble in dilute acids, somewhat mure soluble in stioug snlplniric, nitric, 
and hydi'oehlouc acids (ii 603) It dissolves also to a perceptible extent in aqueous 
nitrate of amraomiim, especially when the boiling solutions of a sulphate and a 
b.inuiii-s.ilt.provii.usly mixed withalittlo nitrate of ammoiiuim, are poured alternately 
into 11 boding solution of tho same salt (Mittenzwei, J pr Chom htxv 214). 
According to Seh error (lAiii p. 113), tlie precipitation of sulphuric acid by barium-salts 
is rot.iid«l by the presence of metaphosphorie acid, but not of pyi-ophospboric or ortho- 
pliosphorie ncid. 

Sulphate of barium boiled with a concentrated solution of a fixed alkaline carhomite 
IS- decomposed, hut never completely, into alkaline sulphate and barnim-carboiiate , a 
somewhat more complete decomposition is obtained by fusion with alkaline carbonates. 
Sulphate of barium is rediiecd to sulphide by ignition with charcoal or organic matter, 
also, aecoriliDg to Wiirtz, by ignition m .i stream of coal gas , or, according to Denlle’ 
in a stream of hydrogen mixed with vapour of carhomc disulphide. ’ 

Native sulphate of barium, in tho shite of powder and mixed with white lead, is used 
as a pigment, alone it has not sufficient body , the amorphous sulphate is prepared 
on the large scale by pm ipitatmii, and forms the pigment called permanent 
white 
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The and salt, ia produced faccordmg toBerzelius)bypooring sh-ong 

sidphuric acid on the igmted neutral aulphute. and leaving it to stand in a cloged 
Tesbol m a -ffarm place According to Li4s-Bodart and J acquemiu (J pr. Cheni. 
Ixxv .314), strong aulpliuric acid dissolTes ciitiile, chloride, sulphide, chlorate, phos- 
ph'ate, &o. of bariiun, forming acid sulphate of barium, which crystallises m micro- 
soupie prisma , and if the mother-liquor be left m an open vessel, so that it may slowly 
absorb moisture, it deposits silky needles containing Ba"H’(S0*)*,2H’0. Both the 
anhydrous and the hydrated crystals are immediately decomposed liy water. 

Sano-sodw mljiliate, Ba''Na-^SO')'', is produced (according to Bert hier) by fusing its 
constituent salts together in equivalent quantities, and forms on coohng an opaque very 
hard mass, having a pearly lustre. 

Sulphates of Bismuth. — When bismuth is heated with strong sulphuric acid, 
sulphurous oxide is evolved, and tho metal is converted into a white insoluble powder, 
consisting of the nm-mal sulphate, BriO* 3SO* or 3ri(SO<)‘, which is decoi^osed by 
water, yielding a very acid salt, which dissolves , and a tnbasus sulphate, Bi®0“ SO®. 
H'O, or 2BriO»Bi'(SO*)». 3H-0, which remains. — ^Thera is also a sesquibastc sulphate, 
Bi-'O" 2S0h8H»0. or BriO“ 2Bri (SO<)‘.9ffO, which is ohtamed in smaU delicate 
needles, when an acid solution of nitrate of bismuth is mixed with sulphuric acid. 
(Heiutz) 

Hxsmmha-potassio sulphate, Bi'"K'(SO*)®, is precipitated on dropping an acid solu- 
tion of bisnrath-nitrato into a concentrated solution of putassic sulphate, the latter not 
being in excess. The white pulv'erulent precipitate must be dried on a porous tile in 
the eimiooator. It is decomposed by water. If a dilute solution of potassic sulphate 
be used, the precipitate has tho composition &*£•'( SO-')". (Heintz.) 

Sulphates of Cadmium. — Tho neutral salt, Cd''SO*, forms (according to Stro- 
m p y cr) efSoreseent cry stals contniuing 4 at water. According to Ituh n and v. Hau ei 
( J pr. Chem. bciv. 477 , Chem. Soc Q,u J vui. 260), an acid solution of tho salt, conoen- 
trated-it tho boiling heat, deposits nodular crystals, which contain Cd''SO' H"0, and give 
off their water at 100°, their specific gravity is 2 939 (Buignet, Jahresb. 1861, p 16). 
The crystals formed at ordinary temperatures contain 3Cd"S0'.8H''0, give off nearly 
3 at water at 100-', and the rest at a low red heat (v. Hauer) ; thou- specific gravity is 
3 05 (Gieseke, Jahresb 1860, p 17) According to Bammelsber^ (Togg. Ann. 
cxv. 679), they arc isomorphous with the sulphates of didymium and yttrium containing 
corrospondiiig quantities of water W.Delffs(rham.C’entr 1854,p 380) recommends 
sulphate of cadmium as a distinguishing test between several orgame acids, inasmuch 
as It forms precipitates with oxalates, mollitates, citrates, cummates, and ciunamatcs 
at ordinary tempeiatures, — ^with tartrates, racemates, fumarates, and suherates only 
when heated, — and does not precipitate the acomtatos, mslatos, snccinatos, benzoates, 
or salicylates under any circumstances 

Ammomaoal cadmio sulphate, Cd"SO' 6NH", or Sulphate of tctramnemio-cadmio- 
dianimomum, N''[H*(NH‘)-‘Cd"]SO', is formed, as a white powder, whoa anhydious 
oadmio sulphate is allowed to absorb ammonia-gas till it is saturated. (H. Hose.) 

Ammomo-cadmto sulphate, Cd'’(IlH^)*tSO*)® 6H®0, separates in monoelinie crystals, 
from a solution containing equivalent quantities of the component salts. — Tho cor- 
responding potaseimn-salt, winch is isomorphous with it, is not so easily formed, inas- 
much as the solution is apt to deposit sulphate of potassium ; it is efflorescent. — Tho 
magnesium-salt, Cd"Mg^')SO')* GH-'O, crystallises irom dilute sulphiino acid, half 
saturated with oedniic, and half with magnesic carbonate, in easily soluble four-sided 
prisms. — The sodium-scdt, Cd'T7a*(S0-')®.6H®0, separates from concentrated solution m 
small nodules, (v. Hauer) 

SuIpUate of Cseslum. See Cajsnnii(i. 1116). 

Sulphates of Calcium. — The neutral sulphate, Ca"SO', occurs native, both in 
(he anhydrous state as anhydrite (i 205), and as a hydrate, Ca"S0'.2H'O, forming 
gypsum and its several varieties tii. 962) The anhydious sulphate may he obtained 
in crystals having the form and specific gravity (2 9) of anhydrite, by fusing potassic 
sulphate with excess of calcic chloride (Manross, Jaliresb. 1862, p. 9. see also 
Simmler, ibid, 1859, p. 132). Tho hydrated salt is formed by precipitating a 
Solution of calcic chloride with a soluble sulphate or dilute sulphnne acid. It is very 
slightly soluble in water, the anhydrous salt nearly insoluble. According to Lassaiguo, 
1 pt. of the hydi'ate dissolves in 332 pts of water at any temperature, but accoidiug 
to Poggiale, tho solubility is gieatest at 36°, 1 pt of the salt dissolving at that tem- 
peratuie in 393 pts. water, at 0° in 188 pts , and at 100° in 460 pts. Water euntaimng 
hydrochloric or nitric acid dissolves it in hirger qii.uitity, in conscquoncu of partial 
decomposition , the solubility is likewise increased by the presence of coiumon salt , 
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hencB the ooourrenee of gypsum in aalt-Bprings. Calcic sulphate dissolyes also in excess 
of a saturated solution of sodic hyposulphite, with moderate facility at ordinary teni- 
penitnres, more quickly on warming, heing at the same time conyertod into calcic 
hyposnlpliite, which unites with the excess of sodie hyposulphite, forming a soluble 
double salt; and on adding alcohol to the solution, this double salt is preoipitalfed 
as a lieayy oily liquid, which solidifies in needle-shaped crystals. The solubility of 
calcic Bulphato in sodie hyposulphita affords a means of separating it from baric 
sulphate. (Biohl, J. pr. Chem. htxix. 430.) 

Gypsum heated to 100° or 120° gives off three-fourths of its water somewhat 
quickly, but the last fourth is not expelled helow 200° — 260°. The hydrated calcic 
sulphate deposited in steam-boilers has the same composition as gypsum dried at 100°, 
VIZ 2CuSO'.H'0, and a specific gravity of 27. Dehydrated gypsum molts at a red 
heat without doeomposition, and on cooling assumes the crystalline structure of 
anhydrite. When gypsum dehydrated at a moderately high temperature, and 
pulverised, is agitated with water, it takes up 2 at water, and solidifies to a very 
hard mass, the soBdiflcation being quicker in proportion as the gj-psum 1ms been 
dehydrated at a lower temperature , if this temperature exceeds a certain limit, the 
gypsum bakes together, aud is then incapable of taking water. The hydrated 
gj’psimi expands in solidifying, so that it easily fills the canties of any mould in 
which it is cast hence the use of gypsum or plaster of Pens in talcing casts (ii 962), 
Calcic aulphalo ignited with charcoal or organic matter is reduced to sulphide 

AnH mlphate of calcium, or CcJcw-liydno snljphate, Ca''H'*(S0')*, is produced, 
(according to Borzolius) by digesting the anhydrous neutral salt with sulphuric acid 
at 80°— 100°. It forms a granular mass, the particles of which appear under tlio 
microscope as short, colourless, transparent prisma It absorbs moisture from the 
air, and is thou quickly decomposed into sulpliuiic acid and the nenliul sulphate 

Calcio-sodic sulphate, Oa"N'u'(SO*)^, occurs native as glauborite or brongniartin 
(ii. 816), m transparent rhombic prisms According to Berthier, it may bo obtained 
in the same form by fusing a mixture of calcic and sodio sulphates When 60 pts of 
Bodic sulphate uro heated with 26 pts. water in which 1 pt. of gj’psum has beoMtirred 
up, the liquid deposits at 80° a pulp of crystalline needles, consisting of the salt 
Ca"Na*(S0^)* 2H-0. At a higher temporatiuo, those uee^os are converted into 
microscopic, rhomboliedral, anhydrous crystals of glauborite, Ca''Na“(SO^)®, The 
latter is also formed immediately, it tivice the above quantity of water is used at the 
bogmniiig of the process, and the liquid heated to boiling These artificial crystals 
of ghiuberito are transparent, like the native crystals from ViUaruhia, hut hocomo 
opaque and much more friable by ignition. 

Sulphate of calcium likewise unites by fusion with the fluorides of barium, stroutium, 
and calcium, funning clear fluid masses, which become milk-white on sohdifying 

Sulphates of Cerium.— « Ceric Salts Neutral or normal Omc sulphate, 
Ce'(S0*)‘ = Ce’0*8SO’, obtained by dissolving ceric oxide in sulphimo acid and 
evaporating, forms efflorescent ctystals belonging to the hexagonal systom, which dis- 
solve 111 a small quantity of water, but are decomposed by a larger quantity, with 
precipitation of a basic salt requiring 2,600 pts of water to dissolve it (Mosander). 
On dissolving this basic salt in sulphuric acid, the neutral salt crystallises out again 
with 9 at. water (Hermann, J pr Oliem XXX. 184) — "" ’ ’ , 

to nermann, 3Co«0> 4S0>.9H20, or 400^(80')’ OCe'O^ I ■ ■ 

a ceroso-oeric salt. A basic ceric sulphate, the composition of which is not given, is 
prepared, according to Holzmann (J. pr Chem. Ixxv 321. Jahresb 1858, p 182), 
by dissolving the brown powder obtained by roasting a mixture of corona oxalate and 
uuyuesmalia (i 832) in boihng nitrie acid, boating the solution till nearly all the free 
nitric acid is expelled, triturating 100 grms of tho crystalline mass which forms on 
cooling With 100 cub cent, of water, and adding the quickly filtered solution to 2 litres 
of boiling water previously mixed with 12 cub cent of sulphuric acid Tho basic 
ceric sulphate which then separates is to he washed by decantation with water con- 
taining the same quantity of snlphnric acid. 

Potassw-cenc sulphate, CeVK*(SO‘)'' 

= obtained, by immersing 

ciyetallisod potaasic sulphate in a solution of eerie sulphate, as a lemon-yellow powder, 
■which dissolves in water and crystaUises therefrom, but is insoluble m a saturated 
boliiLion of potassic sulphate. When ignited it turns white, gives off sulphimc oxide 
and oxygen, and loaves coroso-potassie sulphate (Hermann) -Ammonio-cerous ml- 
plmte forms monoehnic crystals 

fi. Csi ous Sal ts — Neutral cerous sulphate, Cb"SO' 3H®0, is obtained by dissolving 
ceroiiB carbonate insulphurie acid, or (accoidmg toMarignao) by dissolving ceroso- 
ceric sulphate in water acidulated with sulphuric or nitric acid, diluting the yellowish- 
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red solution with water, and lioilmg the inaolnLle salt, wbieh sopamtcs after washing, 
with sulphuric or hydroeUorio acid, till it dissolves, and forms a perfectly coiourless 
solution This solution, when evaporated, yields eerous sulphate in colourless rhom- 
hie octahodrons (sometimes reddish from the presence of didymium) Accordiig to 
Otto, they contain 3 at. water, which is expelled by heat They dissolve with moilorate 
facility in cold water, and the aolntiou, when heated, deposits reddish prisms of a much 
less soluble salt, containing 2 CbSO'‘ ; they must be taken out of the hot liquid and 
pressed, as if the mother-liquor is left to cool upon them, they redissplvo (Otto). 
According to Hermann (J pr Chem xcii 113, Jahresb 18G4, p. 194), four other 
liydrates — containing respectively SCeSO'* 6H“0, C6S0'‘.2H“0, SCoSO* 8H*0, and 
CeS0t3H“0, separate from modernloly wai-m solutions of eerous sulphate, under 
appai'ontly simil.ir circumstances, and cannot be obtained at pleasure. They all crys- 
taUise m rhombic forms, and appear to be homceomorphous. The f-hydiatc is the 
moat frequent, separating both on warming and by slow evaporation, m short pnsms, 
which retain thoir lustre on exposm'o to the air. 

Anmomo-ceroui sulphate separates, on boihng a solution of its component salts, as a 
cryatalliue powder, which, by solution and reerystaHisation, may be obtained in obtuse 
ihombohedrons. 

Potassio-oeroua sulphate, Ce!'K%SO*Y, separates as a white powder, on immersing 
solid potassio sulphate in a solution of eerous sulphate which may contain free acid It 
IS insoluble in a saturated solution of potassio snlphate, but dissolves slightly m pure 
water, and crystallises on cooling from solution in boiling water. The formation of 
tins salt affoida a means of separating cerium from most otlier metals (i. 833). It 
melts without decomposition when heated (Berzelius). — ^Another potassio-asrma 
sulphate, 6b*K’(SO')*, separates (according to Hermann) as a white powder, on 
mixing the concentrated solutions of equal weights of potassio and eerous sulphates. 

Sodto-cerous sulphate, do*Na“(SO'')*, analogous to the potassmm-salt last-mentioned, 
separates as a white granular precipitate, on heating a mixed solution of the component, 
salts to the bOiling-puint (Beringer.) 

7 Ccroso-oe} ic Salts — The salt 3CoO 2Co®0“ 4SO’.H^O is formed, according to 
Marignao, us a yellow mass, by treating ignited ceno oxide with sulphuric acid “It 
dissolves easily in water strongly acidulated with sulphiu’io or nitric acid, and is 
rodiicod to eerous sulphate by boihng with nitric or hydrochloric acid. According to 
Eammalsborg (Pogg, Ann. cviii. 40, Jahresb 1859, p. 186), the yellowish-rad solu- 
tion of ceroBO-cerio oxide in sulphuric acid yields, by slow evaporation, first brown-rod 
hexagonal crystals of a salt, A, containing Co’-Co’(SO'')'‘ 18H^O = 30a''a0'‘.(3e’(80*)*. 
18H’0, which are decomposed by water, with separation of a snlphur-yellow bosic salt ; 
afterwards a yellow indistinctly erystalhne salt, S, containing d6®Ce"(S0*)‘ 8H®0, or 
0e’'.de*(S0'')h8H’0, which is decomposed by water in the same manner ns the 
former. The hght-yellow precipitate, separated from either of these salts by water, 
contains 2Ce*0*.3S0b6H‘‘0, and, as well as the salts A and B themselves, leaves, when 
strongly ignited, a residue of pure ceroso-eenc oxide (Eammelsborg) According to 
Hermann (Jahresb. 1864, p. 194), Bammelsberg’s yollotv-rod salt A coutains 
2Ce"SO<'&e''(SO'‘)>27ffO, and Lis yeUow salt B consists of Co"SO'.Cu'(SO')» 8H“0. 
Honnann supposes also that there are several other yellow ceroso-eonc sulphates. The 
composition of basic emoso-eerw sulphate likewise varies, according to Hermann, with 
Its mode of preparation 

A solution of the salt A yields, on addition of potassio sulphate, a yellow crystallino 
prccipitiite, varying in composition accordiug to the proportions in which tho two a.ilta 
are mixed, and tho temperature and concontration of the solutions, but generally con- 
sisting of a mixture of at least two compounds — viz., 3K“SO* 3Co"SO^.(?e^(SO^)“ 6H*0 
and 6K*’SO'.3G6'’SO*.C0^(SO^)” 6H®0. Eammelsberg is, however, of opinion that the 
composition of those salts may he more correctly expressed by regarding the eerous oxiiiu 
and potash ns bases which replace one another isoinorphously Marigiinc (Ann Min. 
[6] IV. 275) obtained, by spontaneous evaporation of a solution containing potassio 
and oeroso-oeric sulphates, small yellow crystals having the composition Ge"0''.4S0® + 
4(K^O SO®) + 4H‘0 or 4K®SOtCo"SO^,Ce®(SO®)“ 4H®0, and consisting of monochmc 
combinations + P, -P oP . coPco . [coPco] [JPco] . +JP«),&c, sometimos 
pwamidal, from predominance of +P and -P, sometimes tabular, by predominance of 
oP Angle +P + P (chnod ) = 83° 7', -P , -P (clinod.) = 92° 23' , oP • coP^ 
= 100° 40'; oP +r = 104° 20', oP -P = 116° 20', oP .[iP»]= 134° 10'. 
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- — Ammonio-ceroso-ocric sulphates sxe obtained in the same manner as the potassic salts 
Bosidasa erystallo-granulaj precipitate containing 4(NH^)'S0<.2Ce"S0^Cfe'“(S0<)*,‘tH‘'0, 
large, orange-red, monocUnic crystals are formed, containing 9(NH*)“S0h06"S0' 
200^(80^)® 12H?0, easily soluble in water, and leaving pure ceroso-corio oxide when 
Ignited (Uammelsberg). Marignao obtained an ammonio-ceroso-ceno salt, analo- 
gous in form and composition to his potassio-ceroao-cerio salt. 

Sulphates of Cliromlnin. (Sehrotter, Pogg. Ann. liii S13 — Traube, Ann. 
Ch. Pharm. Ixvi. 87, 188. — ^Moberg, ibid Ixvi. 92.— Loybaiif, J. pr. Ohem xix. 225. 
— ^Lowol, Ann. Gli. Phys. [3] xl. 42, xhv. 313, Jalvrcsb. 1866, p. 378.) — «• Qhro- 
mio Satis. — The normal or neutral salt, C;r''(S0*)“ or Cfr’O’ 3SO®, exhibits a violet 
and a green modiflcation. The violet sulphate is obtained by leaving 8 pts. of chromia 
hydrate dried at 100°, and 8 or 10 pts. of strong sulphuric acid, in a loosely-stoppered 
bottle for several weeks. The solution, winch is groan at first, gradually hecomes 
blue, and deposits a gteenish-blne crystalline mass On dissolving this substance in 
water, and adding alcohol, a violet-blue crystallino precipitate is formed , and by dis- 
solving this precipitate in very weak alcohol, and leaving the solution to itsiif for 
some time, small regular octahedrons are deposited, containing Cr''(S0')M5H“0. 
Another mode of preparing it is to dissolve 6 pts of chromic hydrate in 12^ pts strong 
nitric acid ; ddnte the solution with 1 2 J pts. of water , and after boiling for a quarter of 
an hour, and leaving the hquid to cool (whereupon it turns red), add 7^ pts. strong 
siilphuno acid previously diluted with 16 pts. of water, and coolw. On shaking np 
this solution with 120 pts. of alcohol, tho salt separates in small crystals, which must 
bo washed with alcohol and dried between filter-paper. (Low el, Ann, Oh. Phys. [3] 

The grem sulphate, dr’(S0'')’.6H’0, is prepared by dissolving ohromio oxide in strong 
sulphuric acid at a temperatuMhotwoon 60° and 60° ; also by boiling a solution of the 
violet sulphate, or by heating tho crystals of tho violet salt to 100°, whereupon they 
give up 10 at. water, and molt to a green liquid which solidifies to a meen amorphous 
muss The liquid, when quickly evaporated, yields a green non-crystidline salt having 
the same composition as the violet sidphate. Tho green sulphate dissolves readily m 
alcohol, forming a blue solution , but the violet salt is insoluble in aloobol, The solu- 
tion of the green sulphate is not completely decomposed by soluble barium-salts at 
ordinary temperatures, a boiling heat being required to complete it , the violet sulphate, 
on the contrary, is deprived of all its sulphuric acid by barium-salts at ordinary tempe- 
ratures ‘When either the green or the violet sulphate is heated to 190°, with excess of 
Bulphutie acid, a hght-yollow mass is obtamed, which, when further heated, loaves a 
residue of anhydrous chromic sulphate, having a red colour. This anhydrous salt is 
completely insoluble m water, and dissolm with difficulty even in acid liquids, 

Basic Salts. — ^The sesguibasic sulphate, Cr-0".2SO^ or Or’O* 2Cr’(SO^_)®, is formed 
(ncoordingtoSchrotter) when recently precipitated and still moist ohromio hydrate is 
dieeolved to complete saturation m moderately dilute sulphuno acid. Tne green 
solution thus formed leaves, on evaporation, a green reeidue, which appears dork ruby- 
red by transmitted light, is perfectly amorphous, and when heated to redness is 
cunvottod, without change of colour, into chromic oxide It dissolves readily in a small 
quantity of water; the solution exhilnts a dark ruby colour by transmitted light, 
and on dilution witii water, especially if heated, deposits a light-green powder, — The 
^basK salt, 3Cr»0\2S0» 12B:''0 = 7Cr»0».2Cr=(S0')» SSH'O, is the light-green powder 
winch separates on heating the dilute solution of tho preceding salt (Sohrdtte r). — Tho 
dibasic salt, 2Cii‘0*.3S0* =» Cr-0*.Gr'(S0*)®, is produced (according to Kruger) when 
a solution of chromic sulphate is heated till the original green colour changes to rose-red. 
It IS insoluble in water — ^The precipitates formed by alkiilia in solutions of chromic 
stilphiite iii-o likewise basic salts, which however vary greatly in composition, according 
to tho concentration of the liquid and tho quantita of alkali added. 

Douhle Salts of Chromic Sulphate Ohrome-alutna — Ammonia-okrome- 
alum, Cr"'(NH'‘)(S0*)’.12H’0, is prepared, like the corresponding potassium-salt, with 
Biilphuto of ammonium and chromic sulphate (Schrotterl, or acid chromate of 
nmmonium (Tran to) It is less soluble than the potassium-salt, and crystallises 
moie readily in splendid ruby-coloured octuhedrons, winch yield a lavender-blue 
powder. Specific gi,ivity = 1738 Krom a concentrated solution of violet chroraio 
sulphate, it is precipitated, on addition of ammoninni-sulphate, as a violet-blue 
crystalline powder It is not precipitated from ita aqueous solution by alcohol. The 
cryatnis effloresce slowly in contact with the air, and melt at 100°, with loss of 9 at. 
water, the residue slowly solidilying to a green gummy mass containing 8 at. water, 
whidi is the double salt corresponding to tho green modification of chromic sulphate. 
At 200°, the other 3 at, water aio given o^ tho green anhydrous salt then remaining. 
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The violet solution, prepared in the cold, passes 3176° into the green modification, end 
IS than no longer crystallisable , if, however, it be left to itsoK for ten or twelve days 
after cooling, the violet colour is restored, and with it tho capability of ciystallisatiou. 

Potaa'ao-chro7moSuiphate,ovPotasisic CliroTim-alum, Cr'''K(S0")*.12H“0 —This salt is 
produced . 1 By muring the solutions of potaasio chromate and violet chromic sulphate, 
adding a small quantity of sulphuric acid, and leaving tho solution to evaporate. — 
2 By heating potassio dichromate with strong siilplmnc acid 

K^CrO^GrO’ + 4H»S0^ - 2Or"'KHSO0“ + + 0». 

The reduction of the chromic acid is, however, greatly facilitated by adding alcohol or 
other organic substance. Chrome-alnm is, m fact, often obtained as a secondary 
product in the oxidation of organic bodies with snlphuric acid and potassie chromate, 
as in the preparation of valerianic acid fiom amylic alcohol. A very convenient mode 
of reduction also is to pass sulphuric oxide gas throngh the liquid In this ease only 
1 at. sulphuric acid need bo added, the reaction being lepresented by the equation : 

K’CrO'.CrO* + H'SO' + 3SO* » 20r"'K(S0*)* + ffO 

Ghrome-alum crystallises, by slow evaporation, in splendid octahedrons, somotimes 
very largo and of a dark purple almost black colour : tho smaller erysbils exhibit, by 
transmitted light, a very fine ruby-red colour. The salt dissolves at ordmaiy tempe- 
rature in 7 pta of water. The solution has a dingy-blue colour, with a tinge of red, and 
■when mixed with alcohol deposits the chiomo-alum unaltered. When heated to 70“ 
or 80°, it becomes gi'een, perhaps from formation of green chromic sulphate or the cor- 
responding modification of cbrome-alnm, which, like green chromic sulphate itself, is un- 
orystaUisabla, The green solution, if left at re,stfor some weeks, gradually recovers its 
violet colour, and then again yields crystals The change of tho purple into the green 
salt has sometimes been supposed to be attended with soparatiou of the potassie and 
chromic sulphates , bu?, according to Sohr otter audLowel, it arises merely from 
loss of crystallisation-water. A solution of chrotue-alum which has become green and 
unoryslallisablo by beating, does not deposit any sulphate of potassium, even when 
concentrated, neither does that salt separate when the crystals are moltod m a sealed 
tube , but tho green liquid obtained by either of these processes yields, when heated in 
a dry atmosphere, a dark-green mass eontauimg OrK(SO')', witli scarcely 3 at water 
The violet crystals containing 12H*0, when left for several days in dry .iir, at a tem- 
peratiu'e between 26° and 30°, give off 8 at water, and assume a lilac colour. At 
100° another quantity of water goes off, and the crysbils become green , and, by 
gradually raising the temperature to about 360°, tho whole of the water may be expelled, 
■without causing the salt to melt. Tho anhydrous crystals are green, and dissolve 
without residue in boiling water, but at a temperature somewhat above 350°, they sud- 
denly become m'eonish-yellow, -without porcepliblo loss of weight, and are afterwaiils 
perfectly insomblo in water. (Lowel, sSe also Siewort, Ann. Cli. Pharni. cxxvi 
80 ; Jahresb. 1863, p. 223.) 

Kruger, by precipitating a concentrated green solution of chrome-alum prepared at 
a high tempeiature, obtained a green viscid mass containing Cr®0*.2aO'' + K'-'O SO’ or 
Cr*K‘(SOG“ Cr’O’. According to Otto, the aqueous solution of this salt, when left at rest 
for a very long time, is completely converted into i lolat crystals Leykauf has proposed 
the -use of the green mass for colouring oil-varnishes, caoutehoue, &c., and its solution 

Sodio-chi omio Sidphate, oc Sodw Chrme-ahm, Cr"'Nn(SO’)’ 12H’0 — Prepared liy 
cautiously adding alcohol to a mixture of 1 at. acid chromate of sodium and 4 at sul- 
ph-oric acid It is much more soluble than the corresponding ammonium- and potiisamin- 
salts, and cannot therefore be obtained in well-developed crystals Under tho exsic- 
cator it separates as a violet uarty nia'-s At 100° it gives off 8 at water, leaving a 
green modification with 4 at. water (Selirotter ) 

Fotassio-alammo-chrmme stilpftufe, Cr"'AT"K’(SO’)'‘ 24H’0, and tho corresponding 
emmumtum-sefc, are prepared by mixing tho solutions of equivalent quantitios of tlio 
alumina- and chrome-alums, and leaving the liquid to evaporate They crystallise lu 
largo octahedrons having a dark-amothyst colour The solutions ore docomposod by 
boiling, and on cooling yield crystnls of the alununa-alnm (Vo hi.) 

0. Chromous Sulphates — ^When tlio metallic powder obtained by tho action of 
potassium on chromic chloride is treated with dilute sulphuric acid, hydrogen is 
evolved, and ii solution obtained, which exhibits the characters of a chromoiis salt 
(PAhgot) Tho solution, mixed -with ammonia and sal-ammoniac, absorbs oxygen, 
nimo oxide, acetylene, and allyleno, but not carbonic oxide, ethylene, or trityleno. 
(Berthelot, BuU. Soe Chim. [21, vii 194.) 

Potasm-ohrmnous sulphate. Or K’(SO-')*6H'’0, is obtained by dissolving potnssio 
sulphate ni a cold saturated solution of cliioinous ehlondo (i 941), and adding alcohol 
tdl a precipitate begins to form If tho solution bo thou left for some weeks in a closed 
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ve-isol, potnsain-cbromoiis sulphato eryatullwes from it inftno blue rhombic pneius, 
Tvliick turn groon on exposure to the air. (P&ligot) 

Sulpbates of Cobalt.— The tievtral cohaltaw, salt, Co"SO‘ 7H“0, occurs native 
as oobftlt-vitriol or biobant e, sometimes in monoclmic cwstals, but usually in 
stable Wes and crusts, in the rubbiah of old miuoa at Biobor, near Bfanau, and at Leogaug 
in Salzbm^. It is prep.ircd iirtiflciiilly by heating nietaUie cobalt with strong sulphuric 
acid, or by trontmg cobaltous oxide or earbonato with tho dilute acid. The red solu- 
tion, left to oimpointe at ordinary temperatures, yields red crystals having the form of 
ferrous sulphate, and, like the latter, containing 1 at. water. At 20°— 30°, on tlie other 
hand, it separates in ciystals with 6 at. wntoi , isomorphous with Iiexhydrated sulphate 
of magnesium (p GOl) (Mitaclierlich) It dissolves in 24 pts of eold water, and 
is insoluble in alcubol. It cffloiesecs in the air, gives off its water of crystallibauon 
when heated, and is thereby conrtrtad into the rose-red anhydrous salt, which bears a 
moderately strong red beat without decomposition, but is decomposed by continued 
strong igmtion —A flesh-coloured haste sttlphaie, insoluble in water, is formed by 
treating the solution of tho neutral salt with a quantity of alkali not sufflciont for com- 
plete precipitation 

AjirMoiiiacsl eobahotisatilp/iaie, C!o"SO^ ANn’, or Sulphate of tetrammomo-cobaltoso- 
dirt?a?>m«inm,N'[Co"{NH'‘yH-]SO*, is a while powder, produced (according to H Rose) 
% the action of dry ammoaia-giis on anhydrous cobaltous sulphate , also (according to 
S'^rimy) by die action of aqueous ummoma on cobaltous sulphate. 

Respecting tho sinmoniatod eobalt-snlts obtained by the action of ammonia on 
cobaltous salt m contact with the air, aea CoDiiT-DASES, djaMONiicii, (i. 1031). On 
tho pentammoumtod cobaltie salts, see also 0. D Braun (Ann. Ch, Phuim, cxssviu 
109 ; Bull Soc. China 1366, ii 310) 

Double Salts of Cobaltous Stilph ale.— Ammyuo-cobaltous sulphate 
CoYNKTlSOO’ and Potoisio-eohaltous sulphate, Go"E'(SO’)’.0B.*O, are red 
double salts, isomorphous with the corresponding salts of iron, msgaesmm, and man- 
ganese. 

Potassw-fenoso-cobaltims stilphate, Co'T6"E''(S0T 12H*0, and the corresponding 
fimmomum-soH are produced by spontaneous ovapnrntioa of a mixed solution of tho 
component salts. They both crystallise m roddisli, oblique, rhombic prisms, which oxi- 
dise and cnimble to a yellowisb-brown powder on exposure to the air On dissolving 
this powder in water, tbs original double salt is reproduced. (Vo hi, Ann. Ch. Pharm 
iciv 37, Jahresh 1836, p. 312.) „ 

, Magnenoaxbaltous sulphate, Co*Mg'’(SO'‘)' 28IPO, la found mitivo (according to 
■WinKolblech) at Bieber m Hesse, as a reil stnlactitic mass, .ilso called cohalt-viinol. 

Potassio-magnesio-eobaltotis sulphate, Co"Mg''KXSO*)' 12H'0, and the corresponding 
amtnomtttn-salt are fomed on mixing the solutions of the component salts, and crys- 
tallise very easily in laivo toss coloured, ohhque, rlionibio prisms, which give off all 
tbeir water between 160° and 180°, assuming a fine light-blue colour (Vohl ) 

Fotassto-mitffavoeo-cobaltous sulphate, Co"Mn"K'(SO*)' 12ll*0, and the correspond- 
ing ammontum-sdt, prepared like the preceding, crystallise in fine red prisms and 
tables, the ammonium-salt being, liowever, more inclined te the t,ibul,ir, the potassiiira- 
salt to the prismatic form. (Volil) 

Polasste-Mooolo-cobaltoiis sulphate, Co''Ni"K'iSOy 12H*0, and the cowesponding 
ammonum-salt, prepared m like manner, crystalhsa in large tables and prisms having 
a dingy grecnish-grey colour. (Vohl ) 

Potassio-sanco-cobaltotts sulphate, Co"Zn"K\SO')' 12H’0, and the corresponding 
amtmmm-salt crystallise m rose-red prisms and tiible.s, Wlien boated to 180°, they 
give off all their water, assuming ii blue colour, winch partially disappears on cooling 
Tho ainmonium-snlt leaves, after prolonged ignition, ii fine green-coloured mass, from 
which water extracts only a portion of the cobaltous sidpliatc (Vohl ) 

Sulpbates of Copper. — a Cupric Salts. Porvial (or neutral) cupric sulplmte, 
Cu"SOi 6H*0, also called Slue ntnal and Coppia vitt ml — This salt occurs very fre- 
quently ns a secondary product, in mines where sulphuretted copper-ores undergo 
disintegintion, and is found either eryatulUsed in clefts and cavities, or dissolved in tho 
waters of the mine, or in the water used for w.ishing the ore —It is produced artificially 
by boding cupric oxide (sealo-oxida of copper) with dilute sulpburio and. and crystal- 
lises out on cooling, or by beating metiillie copper with strong sulphuric acid, where- 
upon siilphurous oxide le evolved, nud auhy'drous cupnc sulphate is precipitated as a 
white powder, mixed with a hiown mass of cuprous and cupric sulpbaes (p. 340). On 
digesting this mass with hot water, the cupric sulphate dissolves out, and may be crys- 
talbsed from the solution 

Cupric sulphate is extensivoly used in the arts, and is prepared on the large scale, 
either from artificially prepared siitplmlo of copper, or by roasting and hxiviation of 
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Bulpliuretted copper-ores, or from llie coarse copper {Kupferstem, ii. 27, 34) prodneed 
in tlie smelting of copper, and consisting mainly of the sulphides of copper and iron. 
Tlie most usual mode of preparation is fiom artificial sulphide of copper Por this pur- 
pose, plates of copper (c g , old sheathings of ships’ bottoms) are healed to strong 
redness on the hearth of a reverberatory furnace ; a certain q^uantity of sulphur is thru 
thrown lu, and all the doors closed. The copper is thereby converted into sulphide, 
and as soon as the eombmation is complete, the draught of air is re-ostablishcd, and 
the mass is heated to redness, whereby the sulphide of copper is ojadised to cuprie 
sulphate and cupric oxide 

Cu'S -e O' = Ou"SO' -t- CuO 

The roasted muss is thrown, while still hot, into water containing sulphurie acid, and tlie 
resulting solution is evaporated to the crystallising-point The crystals of cupric sul- 
phate thus obtained arc nearly pm-e. 

The preparation of cuprie sulphate by roasting copper-glance, pnrple copper, &c , or 
coai'SQ copper, ia precisely Biniilar, and the solution obtained by lixiviating the roasted 
products also yields nearly pui’O cupric sulphate m the first and second crystallisations, 
but the mother-liquors contain a large proportion of ferrous sulpliuto, and frequently 
also salts of manganese, eobalt, &c , so that when evaporated to dryness they jield a 
very impute cupric sulphate . on tliis account it is bettor to prseipiUte the copper 
from those liquors by metallic iron, and then treat it with sulphuric acid. 

Very pure cupno sulphate is obtained ns a secondary product in the treatment of 
auriferous silver with sulphuric acid Fiom the solution of argentic sulphate thus 
produced, the silver is precipitated by metallic copper, undasolution of cupiic sulphate 
is formed (ii 926). 

The blue vitriol of cominorco is generally pure, with tho exception of a small quan- 
tity of ferrous sulphate From this it cann.it be freed by mere reerystaUi8.itioii, us 
the two salts are very apt to crystalliso together isomorplionsly fp 592), hut if the 
solution be first heated with a little nitric acid, to convert the feirous into fcreic sul- 
phate, it will then yield pure crystals of the cnpiic salt. The solution, iiftei tn-atnienf 
with nitric acid, may also be digested infh cuprie oxide, which will precipitalo the iron 
as ferric oxide Another mode of remoiing the iron is to boil the solution with per- 
oxide of load, and precipitate the feme oxide thereby piodueed with a small quantity 
of carbonate of barium. CW urtz ) 

Oiiprio sulphate oiystallises with 6 at water in largo, azime-hlue, tricliuio prisms, 
having the fonn and modifications shown m/gs 313, 314, imd316 (CnYSTAi,noonAi-Hr, 
ii. 168). Angle »?«• 00 ,'P = 16403', cepco ooF = 14907 ', mpeo ooF 
= IIQO 10', mPco to/p (behind) = 126040 ', toF« oafeo = 79° 19'| 

»F, , «;P = 123° 10', F • cePoo = 103° 27', F toP', = 127° 40', F: 
topm = 120° 80' The faeo oopoo is striated p.iriillol to tho principal axis. 
The salt has a nauseous metallic taste and acid roaetion. Specific gravity = 
2274 (Kopp); 2 302 (Bnignet, Jahresh 1861, p 16). The crystals eflloroseo 
auperfloiiilly on exposure to the iiir, give off 4 at, water at 100°, and the romaming 
1 at at 200°, leaving tho anhydrous salt as a white saline mass, which 13 decomposed 
at a bright red heat, giving off sulphurous oxide and oxygen, and leaving ciipiic oxide. 
The anhydrous salt has a very powerful attraction for water, which it absorbs rapidly 
from the air, becoming hot .ind assuming a blue colour on tliis account it is used for 
de^drating alcohol. 

Hydrated cuprie sulphate dissolves m 3J pta of cold and in a much smaller quantity 
of boiling water. According to Poggiale, 100 pts. of -water dissolve the following 
quantities at various tompenitures — 

Qnantitins of salt dissolved 

Tempordtuve. , * ^ 

Grjstnlliscd, Auliydrous 


100° 203 3 78 3 

Cuprie sulphate is insoluble in absolute alcohol, and less soluble in hydrated alcohol ns 
tho proportion of alcohol is greater According to Sehiff (Ann Ch Pharm exviii. 
362, Jahresh 1861, p 87), 100 pts of spirit of various strengths, saturated -with 
cupno sulphate (CuSO* 6H'0) at 16°, contain the following quantities of the pentahy- 
drated salt 


V hich elves the quantity of the hydrated salt dissolved In pure water at IB°, d 
pale’s determinations. 
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Hydrochloric acid diaBolves cupric sulphate, with eonsiderahla reduetioD of tempera- 
ture, forming a gi'Ocn liquid, which, when evaporated, yields crystals of cupric chloride. 
According to Kane, bolh the anhydrous salt and the pulverisea hydrate rapidly ahsorh 
2 at hydrochloric acid gas 

Wlieii a strong solution of sugar is added to a strong solution of cupric sulph.ate, a 
white ensily soluble pvmpitiito is gradually formed, consisting of a compound of 1 at. 
cupric sulphate with 1 at sugar (C'^H^O") and 1 at. water. (Barreswil, J pr. 
Chem xxsv. 2.13 ) 

When a solution of cupnc sulphate is mixed with ferrous sulphate, or with sulphide 
of aine, ningnesnnn, or nickel in excess, the cupric sulphate crystallises isomorphously 
with these Nilts in the most vaiying proportions, the crystals having the form of ferrous 
sulphate and containing 7 at. water If, on the other h.and, the cupnc snlplmte is in 
excess, the crjst.ilh have the form of blue vitriol, and contain 6 at water (Mitsohor- 
licb) Accoivling to Eammclshcrg, a solution containing 1 at. ferrous to i at. cupnc 
sulphate yields crystals hnviiig the form of the latter 

Cupnc sulphate is used fur the preparation of tliany blue and green pigments (such 
ag Bremer blue, Schweinfurt green, &c ), and very largely in the electrotype process. 
It IS also used in medicine. Its jiunty may generally bo recognised by the form and 
colour of the erysfcila A tinge of given mdieates tho presence of a ferraus salt , blue 
vitriol tlids contaminated does not dissolve completely m ammonia. The presence of 
zinc is easily rccogmsed lu tho liquid winch remains after precipitating the copper by 
Bulphydrie acid. 

Basic Salts — ^Thero are soveinl basic cupnc sulphates, forming groemsh powders, 
and obtained for the most part by digesting a solution of the normal salt with cupnc 
hydrate or curbonuto, or by impeifect precipitation widi potash. Some of them also 

A dtcapm salt, 2Cu''O.SO’ H’O or Cu"SO' Cu"H*0’, is produced, according to 
Thompson, by digesting tho normal salt wirli oupiio oxide in equivalent quantities ; 
and the anhydrous salt, 2CuO SO’ or CuSO' CuO, according to Eonoher (J Pliarm, 
[3] xxxvii 210 , Jahrosb 1861, p 193), as an oraugo-yaUow pulverulent mass, by 
the normal salt to didlredness for sei erol hours 

The inenprto salt, 3CuO SO’ = CuSO' 2CiiO, is produced by the action of water on 
the anhydrous dicupric salt, which, when exposed to moist air, is converted into a green 
mixture of tho normal salt and tho salt 3CuO SO’ 2^H’0 , and when immersed in hot 
water, yields a solution of the normal salt, and a residue consisting of SCuO SO’.bH'^O 

The felracuprio salt, 40u0 SO’. 3H’0 = CuSO' SCuH’O’, occurs native as hroolmn- 
tite (i. 664), in emerald-green rhombic prisms, at Ekaterinenboig in Siberia, at Eetz- 
hai^a inHunga:^, and at Knsimg in Iceland (irisitiiffite) It is produced artificially — 
1. By precipitating a solution of blue vitriol with a quantity of potash just suffloieiit 
to render the liquid alkaline , it then falls as a light-blue precipitate containing 3 at 
water if separated from coiicentmted, and 5 at water if from dilute solutions 
(J Denham Smith). Kuhn tound this precipitate to contam 4 at. water, and ohservos 
that the complete precipitation of the copper from 1 at. normal cupnc sulphate (CuSO’) 
requires exactly | at. potash (KHO), Accouling to Ei eld (Phil Mag [4] xxiv. 123), 
the tctifthjdrated salt, 4CuO SO’.iH’O or CuSO' SCuH’O’.H-O, is precipitated as a 
shining green powder, when a small quantity of potash is added to a large excess of 
blue vitnol, the liquid boiled, and the precipitate thoroughly washed The same com- 
position 18 exhibited by brochantite from Acondallo in Clide specific gravity o S'81. 
— 2. Tho same hydrate is obtained, accoidiiigto 'Vogel and Eeischauer (iTahresb. 
1859, p 215), bji precipitating blue vitriol with an iiisiifiScient quantity of ammonia. 
If the ammonia is added in cxce.ss, tho tetrahasic salt is likewise formed, hut mixed noth 
cupnc hydrate, from which however it quickly separates in microscopic crystals, while 
tho eopric hydrate is converted into oxide.— 3 The tetrohasio salt is also formed, 
mixed lion ever with cupnc hydrate, when metallic copper is left m a solution of 
ammonmm-sulphatn exposed to tlie air. (Vogel and Eeischauer ) — 4. The totra- 
cupnc salt with 3^ at water = 2(CuSO‘.3CuO).7H 0 =■ 2tCuS0’ SOiiH'O') H’O, 
IB formed on mixing a dilute solution of blue vitriol with the acetate of an alkab-metal, 
magneaiuin, manganese, cohalt, mckol, zinc, cadmium, or copper , thus with sodie 
acetate • 

4CuS0’ -I- eC’H’NaO’ + 3H’0 = Cn,SO’.3CuO 3Na’S0‘ + 60’H‘0’. 
Tho precipitate, which forms slowly m the cold (or with the acetates of zinc, nickel, 
and cobalt, not at nil), but immediately on boiling, is flocculent at first, but soon becomes 
gr.inular . it has a fine green colour, nearly equal to that of Schweinfurt green, and is 
BO neiirly insoluble in boiling water that it is perceptibly formed in liquids coutnining 
"■'^y to,oo 5 Pk “k sodic ncot.ito , in dilute acids, on tlie contrary (even in acetic acid), it 
IS wisily soluble, and somcwliat soluble iii cupnc sulphate. By repeated evaporation 
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■witli sodie ncetatfl it is gradually decomposed, with deposition of block enprie oxide, 
nnd formation of a bine sodio-cuprie acetate Tetracuprie sulphate is also formed on 
mixing hoihng solutions of normal cupric sulphate and formate, propionate, orvalorate 
of sodium, but not with glycoUate or lactate of sodium, or with lactate of zinc , further 
by mixing a solution of cuprie acetate (or formate, propionate, valerate, or lactate) 
heated to 06°, with n boiliug-hot solution of a sulphate or by boiling it with dilute 
sulpliiirie acid With sodie sulphate the reaction is 

N.rSO* + IC'ffCu'O^ + 3H>0 = CuSO'‘3CuO + 2C“H»IfaO* + 3C®0», 
with cupric sulphate it is represented by the equation ; 

GuSO> + 3C'H'>CiiO< + 3H=>0 = CuSOnCnO + 60=^0’. 

In either case the mixtnve must bo repeatedly evaporated to dryness to expel the 
acelicaeid (Oasselmaun, ^eitschv. Anal. Chem iv. 24, Jahrash 1866, p. 272.) 

s«ft, 6CuO.SO“ H'O = OuSO* 4GuO H^'O f?], is obtauied, according 
to Di Ilham Smith, as a light-blue precipitate, by treating blue vitriol with a slight 
excess of potash, and washing, pressing, and di-ying it ns quickly as possible. 

An oatoaujino salt, SOiiO SO'.12H®0, is obtained, according to Kimc, by adding 
caustic potash to a solution of blue vitriol till the copper is completely precipitated. 
It 16 descnbed as a grass-green powder, which gives off 0 at. water at 160°, and the 
remainder at 260°. Neither Smith nor Kuhn was able to prepare the ootobasio salt by 
this process the lattor always obtained the teti'aciipric salt. 

A still more highly basic sulphate (containing only 5 to 7 per cent. SO’) is produced, 
according to Vogel aiidHoischauer, by (hinting a solution of ammomacal cupric snl- 
pliate with a largo quantity of water , but it is perhaps only a mixtiuu Indeed, it is 
doubtful wliethov any cupiio sulphate more basic than the tetracuprie salt has been 
obtained as a defluite conipouiid 

Ammomacal Cupric Sulphates — A solution of ciiprio sulph.ato mixed with 
excess of ammonia, forms a deep blue liquid, which, on addition of alcohol, yields 
crystals of the compound Oa"SO ' 4NH’ H’O , nnd this, when heated to 149°, yields the 
salt OiiSO^ 2NH.’, or N’H“Cu"SO*, as on apple-green powder Anhydrous eupno 
sulphate rafiidly abanrhs diy ammonia-gas, ami forms a blue powder oouaisting of 
GuSO'lONH’. (See CopPEB-nasKS, AMMONiacAU, 11 80) 

Double Salts — Amrmnio-cupnc snlphUe, Cii"(NH'')’(SO‘)° 6H’0, crystallises by 
evaporation of the mixed solutions of its component s.ilts, in blue easily soluble crys- 
tals (MitscherUch). — The correspouding poiassmm-ealf, Cu"E'(S0‘)’ 6H’0, crystal- 
lises by spontaneous evaporation, in l.irge, regnlnv, light-blue, monoolinie crystals 
(Alitscherlich). By heating the crystals, the anhydroms salt is obtnniod as a green 
friable mass, which melts at n red he.it, giving off )5art of its acid (V ogol). When 
cooled after fusion, it solidifies in a blue crystalline mass, winch soon decrepitates 
and falls to powder (Grnh.im, Phil Mag. [3] iv 418). It dissolves ensilj in 
water, and the solution, when heated to 80°, deposits a light-green crystalline powder, 
consisting of a basic double salt, Cu’K’(SO’)’' Cu"0.4H’0 (Brunner, Pogg Ann 
1 48), from which water extracts sulphate of potassium, lfl.ivmg tetraoupvic sulphato 
By mi.xing the solutions of the ammonio- and potassio-enprie salts just described 
with the corresponding double sulphates of cobalt, iron, magnesium, manganese, nickel, 
and zinc, complex suits are obtained, having a composition which may bo illiistr.ited 
by that of the m.ignesiiira-salts, viz. 

Cu"Mg"(NH’)*(SO*)' 12H’0 and Ou"Mg''K\SOT 12^0 
All these salts crystallise in monochnio prisms nnd tables, isomorphous with the 
magnesium double salts (p. 602) Purther, by mixing the solutions of Ihroo or four 
of those double salts, other salts of still more complex consUtiition may be formed, 
but still isomoi'phoas with the preceding eff, Oii"Mii''Mg"K“(SO*)“ ISH’O, 
Cii'’Zn'’Mg"(NH’)“(SO’)“ ISTI’O, nnd the corresponding potassium-salt, also 
Gu"Gu"Zn''Mg"K"(SO‘)" 24II’0. (Vo hi, Ann Oh Pliavm. xciv. 67, Jahresb. 1866. 
p 311 ) • 

Cobaltoso-cupric sulphate, Cu"Go"’(SO')’ 36IPO, obtained by evaporating a mixed 
solution of the component salts, crystallises like sulphate of cobalt (Liebig ) 
Ferroso-ouprw Sulphate, also called SaUhtrg Vitriol, Adlervitrwl, Cuprum aulphxr- 
ieum medium. — It has aheady been mentioned .tiint ferrous .ind eivpric Biilpbatcs, 
though they crystallise separately m different forms, and with different quantities of 
erystallisation-water, arn neverthele-ss capable of erystallisiiig together in the turm of 
ferrous sulphato — the cnpric, like thn ferrous s.rlt, then taking up 7 at. watnr Such 
composite salts (not true double salts) aie obtained in bluieh-grcoii cry-tiils in tlio 
preparation of oiipric sulphate fiom ferruginous materials The proportion between 
the copper and iron is lerv lanablc A common proportion is that roprcsciitod liy 
the formula CuFo-(SO*)' 2]H'0 The .so-called Salzburg vitriol, nroiiiuvrl at lluwu ilcc 
ViiL V QU 
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in AlBace, is (according to Lefort) Cu]?o’(S0*)428H’'0. In Admont vitriol the 
quantity of iron is to that of copper as 6 • 1 ; in donWo Admont vitriol, as 4 : 1 ; in 
Eayroutli vitriol, as 7 ' 1- 

Mitgneato-euprte sulphate, CiiMg(SO*)*.14II-0,etystaIlisosby spontaneous evaporation, 
in beautiful sky-bine tables and prisms. (V olil ) 

Sudio-Otipric sulphate, Gu'W(S0')*.2H=0(?)— A solution of blue vitriol and 
Q-knbor’s salt deposits each of the mlts saparately , a solution of blue vitriol and acid 
aodio sulphate also yiohls blue vitriol and Ghinbcr’s salt separately at first, but 
afterwards smal^ crystals of the double salt, imitwl into a crust, and apparently 
contiiinmg 2 nt. water. Tho double salt is easily dehydrated, molts at a eommenciug 
red heat without lo.sing acid, and on cooling solidifies to a blue moss, which does not 
decrepitate like the potassio double salt. Tho sodio-euprio Salt debquesces slowly 
111 the sir, and is resolved by water into the two simple salts. (Graham, Phil. Mag. 
[3], h. 362 ) 

Ztiico-cupic aK(p/m<c, Gu''Zn"XSOT-28H®0, improperly called Ogpnan mirinl,\s 
prepaicd at Chessy near Lyons, from amciferons copper-ores, and crystallises in hliio 
rhombic prisms. (Lefort, Compt. rend, xvvi 186 ) 

Cuprous sulphate, 04 'SO' = Ou'O SO”, is (according to Eorzolius) the 
black powder which romiiins undissolved when copper is heated with stiong sulphuric 
acid , it dissolves in nitric acid, with ovolution of nitric oxide. According to M6ne, 
on the other hand, this insoluble residue is a mixture of enprons and ouprio sulphide 
■with cupno oxide. 

Sulphate of Didymiunii Di"SO*, i3 obtained by dissolving tlie oxide or car- 
bonate in dilirts sulphuric acid (Por the methods of separating it from sulphate of 
ianthaunra, see Lakthaitom, iii. 488.) The solution is roso-coloui'ed, and yields, by 
spontaneous evaporation, dork rose-coloured shimng crystals having the form of 
oblique thomboidal prisma (Mo s an dor), and cleaving readily and distinctly in a 
direction parallel to the base. They contain 3DiS0*ffl*0 (Mariguac), and are 
isomorphous ivith the similarly constituted hydrated sulphates of dadnuum and 
yttrium (Eamraelsberg, Pogg Ann. cxv 679). At 200°, they give off the whole 
of their water, leaving an anhydrous powder, which may be heated to redness ivithout 
further alteration. Sulphate ol didymium is more soluble in cold than in hot water. 
Its solution when heated, ospecvally to tho boiling-point, deposits a orystalhne precipi- 
tate, containing DiSO' 2H-0. The anhydrous sulphate dissolves in -water more readily 
than either of the hydrates. The following table exhibits the quantities of anhydrous 
sulphate in 100 pts of water, in solutions formed by dissolving the anhydrous sulphate 
and the two hydrates m water at different tempoiatures (M arign ao) : 

Qunotky oranhfiJrousiaU to 100 pts. water 


Tempenaiire. aahyOrnui salt. DlSOi.SHiQ. SDlSOtSHSO. 
12° 0. 43’1 

l4 39-3 

18 26-8 16-4 

19 1P7 

26 20-6 

38 18-0 

40 8'8 

60 ll'O 6-6 

100 1'7 


The anhydrous sulphate exposed to the heat of an iutonso ohareoal-flre, gives off two- 
thirds of its acid, and leaves a 3DiO SO*, or DiSO' 2DiO ^arignao). 

The same salt is ohtaiued as a light-bluish loso-coloured hydrate, 3DiO SO*,8H''0, by 
precipitating a solution of the neutral sulphate with excess of ammonia, (Hermann, 
Jahresb. 1881, p 197.) 

Sulphate of didymiumforms double salts'with the sulphates of the alkali-metals — The 
mnmomum-salt, lii»(NH‘)’(SO0b8H''O, dissolves in 18 times its weight of, water,— Tho 
poiassmm-salt. l3i*K=(S0')'.2S*0, dissolves in 63 pts. of cold -water, — The sodami-sali, 
Di"®Na*(SO*)*, is anhydrous, requires 200 pts, of water to dissolve it, and is still less 
soluble in solution of sodic sulphate (Marignac.) 

Sulpbate of Erbiiua has, according to Marignac (Jahrosb. 1864, p 108), the 
composition SBb"SO',8H*0, and is isomorphous -with sulphate of didymium. 

Sulpbates of Cluolnum — The neutral salt, iWQ, or Bo*(SO<)*,I2H=0 
(ii 849), is obtained by dissolving ghieina or its carbonate m a slight excess of 
cold sulphuric acid, and ciystalhses, by spontaneous evaporation, in ini-ge quadratic 
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octahodrons. Alcohol precipitates it from solution as aciystuljjno powder It is Tory 
soluble in pure water, somewhat loss soluble in acidulated wat&, insoluble in abaolnte 
alcohol. According to Dobray, water at 16® takes up nearly its own weight of the 
crystals The crystals effloresce in warm air, molt with strong mtumescouce when 
heated, and leave a residue of pure glucina. At 35° they give off i at water and 
crumble to powder , between 100° and 110°, they retain only 1 at water, which is 
reg.irdod by Weeren as constitutional water The solubility of the salt is not much 
dimmiahed by deliydiMtion ; it does not give off any acid at 150° — 200° (Weeren). — 
A tnbasic sutphaic. 3a"0 SO’ = G"S0’.2Gr"O, of Bo’O" SO’, is obtained, as a gummy 
opaque mass, by boiling the solution of tho neutral salt with gluoinic cirbomito, as 
long as e.iibouie dioxide is given off, and leaniig the solution to evaporate without 
previous dilution. If, on the other hand, the solution bo diluted before evaporation, it 
deposits a hexbasic mlt, 660.S0’,3H*0, or 2 Bb’O’.S 0’.3I1?0, m the form of a white 
powder, and the liqmd filtered therefrom yields on evaporation a gummy mass, 
consisting of tile dtiastc soli, 2G”O.SO“, or 2Be’0’.3S0’. ‘ 

Sulphates of Iridium. — Irzdic sulphate, Ir*’0“.SO’ = Ir'''(SO’)’ lv‘’0’, is obtained 
by dissolving sulphide of iridium m nitric acid, and driving off the excess of aeid by heat, 
as a thick yellow syrup, exhibiting no signs of crystallisation. It dissolves easily in water 
aud in alcohol, forming orange-yellow solutions, which are not precipitated by alkalis. 
On drying the salt, half the acid is expelled, and a more highly basic salt, 2IrO’ SO’, 
remains — Indmis sulphate, Ir"SO'‘, is produced hy dissolving iridious hy(ir.ite in sul- 
phuric acid, and separates, on evaporation at a gentle heat, as a brownisli-greon, 
shining, amorphous mass, which dissolves in water with dark yellow-green colour 

Sulphates of Iron. — a Perrio Salts. — Vabnormal (oineutniT) salt, I^o’CSO’)’ = 
ITe’O’ 3iSO’, occurs as a hydrate containing 6 at. water, at Coqnimho m Ciiile, in six-sided 
pyramids, and as a fine-grained mass, forming a layer several feet thick (see Ooquim;- 
BITE, 11 83). It is produced artificially by heating brown heematite for some time 
with strong sulphitt’io acid, and then expoUing tho excess of acid by a gentle heat ; — 
or, more generally, hy adding 1 at sulphiu’io acid to a solution of 2 at. ferrous anl- 
phate, and then adding nitric acid by small portions as long as nitrous vapours arc 
evolved : 

2F0"aO’ + H=aO’ -t 0 = Fe*(S0')’ + H’O. 

According to Levol, this salt (and not ferrous sulphate) is formed when metallic iron is 
heated with strong sulphurio aoid. — According to Bussy and Leeami, the white deposit, 
formed during tho concentration of the acid m siilphnne acid works, consists almost 
wholly of ferric sulphate, formed most probably by the accidental dropping of ferrugi- 
nous substances into the aoid. — Tho anhydrous sedt, ^e’iaO’)’, is formed, according to 
P. Hart, on introducing ferrous sulphate into boiling concentrated sulpluunc acid, and 
separates on cooling iii very small crystalline scales Tho same salt is described 'b'j 
Ulrioh (Jahiesh, 1869, p 211) as oeenrring in the plntmum-vossel used for eoncen- 
ti'ating suiphune acid, at the vitriol-works of Okor in tho Harz, in small, shining, 
peachblossom-oolom'ed spangles, appearing under the microscope as rhombic octahe- 
drons with truncated summits. 

Tho red solution of feme sulphate, obtained as above, leaves on evaporation a light- 
yellow deliquescent mass, consisting of the hydrated salt, still retaining a slight excess 
of acid. In this state it redtssolves easily in water, but if it bo gently heated till llie 
water and excess of acid are expelled, tho remaining anhydrous salt dissolves but very 
slowly in water, forming a roddish-yallow solution. The anhydroiia salt is also 
nearly insoluble in hydroehlorie acid, and quite insoluble in strong sulphuric acid, 
which indeed precipitates it from its solution — The anhydrous salt is decomposed at 
a red heat, and is recommended hy Berzelius for the preparation of sulphiunc luihjdrido 
hy dry distillation. 

BasicPerric Sulphates— ThBscsq?wi«siusa/t, Pe’0’2SO’ = 2Pe’(SO')’Po’0’, 
is obtained (according to Mans) by digesting a concentrated solution of tho normid salt 
with ferric hydrate, as a dark-red solution, which on boiling, or ou dilution with water, 
IB resolved into the soluble normal salt and an maoluble basic unit The same salt is 
formed (aocordingto Wittstein, Hep Phnrm [3], i, 185), by tlio action of the air on 
ferrous sulphate, and constitutes the yellow crust, Pe’O* -SO’ Il’O, with which the 
crystals of this salt become covered after a while It is resolved by water into tho 
neutral aud the d^basw salt, 2Pe’0’ 3SO“ SH’O = P6’(S0’)’ Pe’O’ 8H’0 Aceoitling 
to H Bose, this dibasic salt occurs, together with coquimbite, in yolloivisli-grocn, 
silky, fibrous masses —Another basw salt, coutaming 2Po’0“ 5S0’.18H’0, likewise 
oeoiu’s encrusting coquimbite (H. Hose ) 

Tho inbasio salt, Fe’-’O’.SO’ = F6’(SO^)’ 2Fe’0’, is produced, as a reddish-yellow 
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powder, eoiitiiiiuBg about 3 at. water, by dissolving the basic double salt, of potussie 
Biilpli.ito and sesqiubiisie feme sulphate (p 597) in water, and heating the solution. 
(Soubeiran) 

The ^cjiirtsio snlt, 21j'u’0’.S0“ >= ]i'o’(SO*)’.6i'e-0’, is, (.according toBerzelius) the 
yellow prccipiUte which gradually forms in a solution of ferrous sulphate exposed to 
the air, according to the equation • 

10{PeO.SO'') + 0» =. 2Pa»0“.S0« + 3(Fo=0^8SO'') , 
but the composition of the precipitate most probably varies with Uie concentration of 
the solution 

The noncham Balt, 2(3Po“0» SO’) 9n=0 = 2[Pf(SO*)’ 8Pe’0’] 27H’0, separates 
(according to Schocrer)asabrownisli-3ellow deposit, on evaporating an oxidised solu- 
tion of ferrous sulphate, or when a neutral solution of ferric sulphate is diluted with a 
large quantity of water and boiled , also (according to Berzelius,) when a solution of 
ferrous sulphate is mixed with chlorate of potassium. 

A dodccabasic isali, 4Pe-’0’.S0’ = Po*(SO’)’.llP6’0*, is formed (according to 
An thou) in preparing feme acetate by decomposing acetate of barium with soluble 
basio ferric sulphate, being precipitated as a bulky brown powder, together with the last 
portions of baric siUphate, ftom which it may bo separated by levigatiou — Another 
basic salt, containing ‘^GFe’O’.SlD’) 2lH’0,isfonnd (according to S cheer or) as a dark- 
brown amoiphous mass, in the nlum-slate of Modnm in Norway 

Bouble Salts — Muminio-fa-Tus mlphale occurs native in the quicksilver mines of 
Idi'ia, lu yoUowish-white crystalline masses, containing 37 0 per cent SO’, 8'4 Fe’O’, 
11'5 AI'O’, 43’0 water, and 1 0‘insoluble residue, which, if the two bases are regarded 
as isomorpbous, may be represented by the formula (Al'0’,Fo®0'’),3SO’,16B!’0 
(Fohhiig.) 

Ammonto-ferrio sulphate, or Arnmonia-iron-ahm, Fo'''(Nff)(SO<)’.12H’0, or 
I proJiiced by mixing the solutions of ammonie and ferric sul- 

phates, adding a little ftee eulphuric acid, and leaving the solution to evaporate, It 
18 more stable than the corresponding potaasium-salt, and crystaUises more readily 
tlrnn the latter, in large, colourless, regular octahedrons It is prepared on the large 
scale, for use in dyeing, bemg always employed when a perfectly neutral feme salt is 
required. 

Fe®0* 2SO* ) 

A heme awmoMO-ferm sulphate, 2[(NH’)’OSO*]J'®®'’®’ (aooording to 
Mans) in the same manner as die corresponding potassium-salt, which it resembles 
very closely in form and other pioperties. Marignac, however, found for the salt thus 
prepared the composition 3Fe’0‘.6(NH*)’0 12S0*.18H’O. Berzelius mentions another 
basic ammomo-femc sulphate (composition not specified), winch ho obtained as an 
obhry predpitate on dissolving iron in dilute sulphuric acid mixed with a little nitric 
add, the ammonia being produced by the mutual action of the nitric add and the 

Ciipnco-ferm sulphate, l'e’Cu’'(S0'*)’.24H’0, separates from a mixture of the com- 
ponent salts in equiialeiit proportions, oontaimug a slight excess of sulphuric acid, on 
ovaporalmg till a crysUlline film begins to form, in bluisli-green, inicroseopie, warty 
erystaUisatiOBS (Bnsti ck) — ^Tbo corresponding magnmum-sali forms a warty muss , 
the cortesponduig amc-sali crystallises in colourless prisms. (Bastick.) 

Fotassio-femc mdphaie, oi Fotash-irun-almi, Fe'"K(SO’)’ 12H’0, or qQs | . 

24H’0, separates from a slightly acid mixture of the component salts, by spoutaiiecms 
ovapnr.ition, in octahedral crystals, which in form and taste ai'e undistiuguishable fi'om 
common alum. They are sometimes colourless, but often have an amethyst tint, 
arising (according to H ei ntz) from a trace of feme acid The salt does not, however, 
erystolliao so readily as ammonia-iron-aliim To obtain laige crystals, Heintz (Ann 
Oil Pliarm xbv 271) triturates 10 pts. of crystallised ferrous sulphate ivith 4 pta uf 
saltpetre, then graduully adds 4 pts, of strong sulphuric acid, and heats goutly as long 
as nitrous vapours continue to escape The residue is thus dissolved in 3 or 4 pts of 
water at 80°, and the filtered solution is left to ciystalbse at a tempei’ature which is 
very slowly lowered to 0° 

Potosh-irou-iilum is not very stable, soon becoming covered with a yellow powder 
when exposed to the air at temperatures above 0°. Between 80° and 100 it is resolved 
into a basic potassio-feme sulphate, neutral feme sulphate, and free sulphuric acid ; 

2[(Fb’ 0’.3S0’1 (K’O SO’).24H’qi = [(Fb’0«.2SO’) 2(K’0 SO’] 

+ (Fe’O’.SSO’) V H®O.SO’ + 47H«0. 
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The aqtiLOUs solution likewise decomposes m tho seme manner when heated to 80°; 
but after keeping for some time, especially on addition of fteo sulphuric acid, it again 
yields, by spontaneous evaporation, crystals of the normal double salt. A solution of 
iron-aluiii, mixed with a large quantity of fee sulphuric acid, does not decompose 
when evaporated over the water-bath, but deposits crystaUine crusts containing 
2Fo"'K(SO')^ 3H^O, and, on foithor concentration, a white powder, composed of 
2Fo'"K(SO<)2.ffO (Heinta.) 

If potash bo added to a ooneentrated solution of feme sulphate or iron-alnm till the 
precipitate no longer redissolvee, the filtered solution yields, by spontanoons evapo- 
lation, olive-green or yeEow six-aided tables' of the basic salt (l?o’'0®.2S0“). 
2(K'0 SO»).6ffO(Maus) — Another iimedouJie sail, 3(F6“0“ 2SO») 2(K''O.SO*).22H''0, 
13 produced (according to Soubeiran)on dropping carbonate of potassium into a solu- 
tion of ferric oxide till the precipitate begins to bocomo permanent, and mixing the clear 
solution witli alcohol. — A third bam double salt, ■l(E6*O‘‘.S0’).(K''O SO’) 9H’0, 
occurs (.'iccoi'ding to Bammelsherg) as an ochre-yellow insoluble mass, in the lignite 
of Kiiloforuk ill IJohemia. (Haiidw d Ohem. vii. fi28 ) - 

A basic sodio-feiric sulplmte, 4(Ee'0'' SO“).(ira''O.BO’).9H“0, analogone to the last- 
montioiied potassium-salt, oecurs, as a hght-yellow stulactitio mass, in tho alum-slate 
of Modum in Norway 

j8 Ferrous Sulphate, Fe''SO*.7BPO. Green Vitriol Copperas. Couperose. 
Emnvitnul — This salt occurs native, sometimes in crystals, hut more frequently ' 
massive and pulverulent, at Goslar in the Hars, at Hiirlet near Paisley, in several of 
the Saxon and Hiuigai'iau mines, and at various localities m the United States, being 
formed by tlio oxidation of iron-pyritos. It may be obtained pme by dissolving 1 pt. 
iron or 1^ pt. ferrous sulphide in 1| pt. sulphuric acid diluted with i pts. water. 
The solution, if quickly filtered, deposits the salt in beautiful, transparent, bluish- 
green, oryatals, oontaimng 7 .at, water. The large quantities of ferrous sulphate 
consumed in the arts are however prepared, simultaneeiisly with alum, by the decompo- 
sition of aluminous schists containing iron-pyrites (p. 680). 

Ferrous sulphate forms woll-deflued monocUnio crystals, of prismatic or tabular 
character (yips 286, 287, 289, 294. 298, 299, 808, 309, and 310. CnTSTAiiOOiiArHY, ii. 
152—156) Axes, a b e = 0 8476- 1: l'267.Angloi.c = 76° 40'; ooP- cx,P(orthod.) 
= fi7°39S[P«] [P«](olmod) = 69° 16'; +Poo •o=43°32', -Poo •0 = 82086';. 
— ^Peo 0 = 66° 20'; oP ee>P = 80° 37'. Cleavage perfect parallel to oP , less 
distinct parallel to »P, ^ It is isomorphous with the heptuhydrated sulphates of 
magnesium, zinc, cobalt, nickel, copper, &e, (p. 578). 

The crystals of ferrous sulphate effloresce shghtly in dry air, and if at all moist, 
absorb oxygen, and hecume covered with a reddish-yellow crust of basioferric sulphate 
(p 696) , but if crushed, and deprived of hygromotiio moisture by strong pressure 
between folds of ootton-oloth or filter-paper, they may be preserved in a bottie without 
change from oxidation (Graham). Ferrous sulphate, precipitaled from its aqueous 
solution by alcohol, forms a bluish-white powder, which does not absorb oxygen unless 
exposed to very moist air. Another method of preserving it is to mix tlio pulverised 
crystals with an equal weight of gum-arabic, dissolve the whole in distilled water, 
evaporate over the water-bath to the consistence of an extract, pour the still hot mass 
upon porcelain plates, complete the desiccation in an oven at 30°, and preserve the 
dried salt in closely-stoppered bottles. (Parvesi, J. Fhaim [4] iii 40.) 

Crystallised ferrous sulphate gives off 6 at water at 114°, but retains the last atom 
even at 280° ; by very careful heating, however, it may be rendered perfectly anhy- 
drous without appreciable loss of acid. The anhydrous salt is also obtained, in very 
small crystalline scales, by immersing the hydrated crystals in strong boiling siUphinuo 
acid, and leaving the liquid to cool At a red heat it decomposes, giving off sulphu- 
rous oxide, and leaving a basic ferric sulphate, which, when more strongly heated, 
ultimately leaves pure ferae oxide, known as Golooihar vitnoli or Caput mortaum. 

The salt was observed by Mitscherlich to orystalliso at 80°fi'om asolution edturated 
at the boiling heat, with 4 at. water, in monochnie prisms, isomorphous with tins 
corresponding sulphate of manganese "When its solution, containingan excess of acid, 
IS evaporated by heat, a s.iline crust is deposited, which (according to Kuhn) contains 
SH’O. Lastly, a dihydrato, Fo"SO-*.2BPO, having tho erystaUmo form and sparmg 
solubihty of gypsum, is obtained (according to Mitschoriieh), by dissolving tho 
ordinary orystids in strong sulphuric acid. A solution of tho salt mixed with excess 
of sidphurio acid, and left to evaporate in a vacuum, first deposits the ordinary hr pta- 
hydiuted oiystals, then grccniah-blne crystals of a pentahydrate, Fe''SOh6ffO, be- 
longing to the tncliuio system, and lastly crystals of Uio tetrahydrated salt. (Mari- 
gnao.) 

Ferrous sulphate dissoUos easily in water, but is insoliiblo in alcohol. According to 
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Braudes and Firnhabor, 1 pt. of tJio lieptohydrated salt dissolves lu the following 
quantities of water at tho partienliir tamperaturea indieatod above each quantity , — 

10° 11° 26° 32 6° 46° 60° 84° flO° 100° 0. 

1-64 1-43 0-87 0 66 0-44 0-38 0-37 0'27 0 30 

Tlia solution has a slight blmsh-greon tint, or is colourless if very dihito. "When 
exposed for some tiino_ to the .ur, it deposits a yellowish sediment of basic feme sul- 
phate, wliich IS used in poicchiin-pamtiiig. As soon, however, as a certain quantity 
of tins salt IS deposited, tho oxidation ceases, and the solution remains iilniost unaltered. 
Tlio partially oxidised solution may bo reeonvorted into pure ferrous sulphate by boding 
with iiiotiiliio lion 

Tho solution of ferrous sulphate absorbs nitric oxide gas, assuming a darlc-brown 
colour, which aifords a vciy charactoristic tost for nitric acid (iv 83 1. The brown 
sulutiQu has a powerful attraction for oxygen : if heated m close vessels, it gives off 
tho g.is fur the most part uuchaugad , hut when it is heated lu contact with air, iiitrie 
no id IS formed in tho liquid, and converts the ferrous into a feme salt, 

Fmoiis sulphate la largely used in dyeing and m tanning, and for tho manufacture 
. of ink and Pnissian-blue It is also very useful as a reducing agent in chlovimetry 
and other operations of analytical cUemistry 
Ferrous anlphate forms, with tho snlphates of potassium and ammonium, double salts 
containing 6 at. watei' isomorphous with the corresponding salts formed by the sul- 
phates of sine, copper, mangnneso, &c Tho formula of tho potassium-snlt is 
Fe''K'(SOT’6U*0. The solution of this salt evaporated at 60°, yields a crystalline 
crust containing Fo"K-'(SO*)= 2H''0. (Marignae.) 

Forriwfei'roxis (or Ferroso-ferrtc) sulphate, bVi^e’CSO*)'' or (Fe"© SO*) (Fe’O* 8S0*), 
is pioducod when a solution of terrous sulphate is exposed to the air, till no more basic 
ferric Bulphnto is deposited The solution, which is ycllowish-red, docs not crystallise, 
but yields black oxide of iron when precipitated by an alkali (Berzelius) A bieh 
obtained acrystalliuefei'roso-feiTicsvdphate, containing (3Fe0.S0*),2(Fe'0'’.3S0*)4H*0, 
or ]/o*P8'(SO*)' 4H’0, by heating a moderately strong solution of 16 pts pure crjstal- 
Itsed ferrous sulphate to tho bouiug-point with an equal weight of strong sulphiu'ic 
acid, then adding 1 pt. of strong nitric acid, and a oonooiitratod solution of 6 or 6 pts. 
alum This solution, evaporated at a temperature below 70°, deposits a dark-brown 
crystalline powder, the solution of which, in water acidulatofl with sulphuric, acid, 
yields the salt on evaporation, in nearly black shining crystals, which are combinations 
of the cube and re^lnr octahedron. According to Barreswil, a salt having the same 
composition ns Ahich's, but of a dark-blue colour, is formed by mixing the sohitions of 
3 at. ferrous and 2 at ferric sulphate, and slowly dropping snlphune acid into the 
liquid as long as any blue precipitate is produced (Hundw d. Ohem. vii 632).— A iiwM 
ferroso-feiTW sulphate, containing (3FeO 2SO*).3(Fe’0* 2S0*),36H;-0, is found in the 
copper-mines of Fahlun, in large red stalactites composed of small transiiarout crys- 
tals (Berzelius.) 

Magnmo-feirous sulphate, Fe"Mg"(SO-')n4H*0, crystallises from a solution of 
tho componont salts, by spontaneous evaporation, in large sea-gi’een crystals. (Vohl ) 
Suehe-ferrous sulphate, F6"lTa*(S0*)* IH^O, obtained by evaporation at 66°, is per- 
ninneiit in tho air, and does not decompose at 100°, button redissolving it, and 
leaving the solution to evaporate, the sodie and ferrous salts orystivlhso out separately. 

Thitlho-Jenaus sulphate, F6"TP(S0*)*.6H*0. has a pale-green colour, and is isomor- 
phous with the eori’esponding potassium-salt. CVVerther !• 

Ziiico-ammoma-fiurous sulphate, Fo"Zn"('NH')'(SO*)'‘.12H'0, and the correaponding 
fotussam-salt, crystallise readily in large, greenish, oblique rhombic prisms and tables, 
which turn yellow in the air, from absorption of oxygen. 

■autbanum, La''SO*, is prepared as deserihod under LANTKAimM 
rates by ^oiitaneous evaporation in small prismatic crystals coii- 
■0. It gives off its water at a low red heat, and half its acid at a 
s much less soluble in hot than in cold water -^Am/momo-lantkanio 
sulphate, Lii’CNHTCSO')'* 8H“0, is obtained, by spontaneous evaporation of a dilute 
solution of lanthannm-snlphato mixed with a slight excess of aramoniiun-snlphato, in 
colourless, sparingly soluble, monoclinic ciystels. (Marignae.) 

PoicKsto-lttiiihaiiie sulphate, La"K-(SOiF, is formed as a white precipitate on mixing 
the solution ot a lanthanum-salt witli sulphate of potassium. (Hermann, Jahresb. 
1861, p. 194.) 


Sulptaate of 1 

(in 468), and sopa 
tuning La'’SO‘3H 
full red heat It i 


Smphate of lead, Pb''SO* =. Pb"O.SO*— This compound occurs native as 
Anglesiie, in large and beautiful crystals, at Pary’s mine in Anglesea, Leadhills in 
hcoUand, Waulockhr.id in Beibysluiv, and at Claiisthal, Zellerfiold, and Giepcnbach m 
the Harz; also in Prussia, lu theBUck Forest, at Badenwoiler in the Breisgau, in the 
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Island of Sardinia, and in the United States , al*p massive in Siberia, in Andalusia, 
and on Alston Moor in Cumberland. In Algeria it oceurs (according to Mareel de 
Serres, Compt rend, liv 74:3), in kidney-shaped lumps enclosing a uudens of galena, 
by the oxidation of which it bus been formed. 

The oiystals of anglesite are trimetrie and isomorpbous with those of heavy 
spar (lii 137), exhibiting generally the same faces, but withoo 52 mostly predomi- 
nant. Axes, ffl-i.c; = 06089 1.07766. Angle ooP.ooP (macr.) 62° 40' ; 
0,52 ■ a>p2 (macr.) = 101° 13‘; Pa. Pa (basal) = 76° 36'; ?a ■ Pa (basal) = 
103° 43'. Cleavage imperfect parallel to a5 a and P a Hardness = 2 76 to 3. Speci- 
fic gravity = 6 286 to 6 298 Lustre highly adamantine in some speeimens, in others 
iiiolming to vitreous and resinous. Colour white, tinged with yellow, grey, green, and 
sometimes blue. Sti'eak uneoloured Transparent to opaque. Fracture conchoidul. 
Very brittle. 

Sulphate of lead also oeeura, combined with carbonate of load, aa Zanar hie (ui. 467), 
and as LeadhiUite (iii. 660) , also, with carbonate of lead and carbonate of copper, as 
OaledoHite (i. 372) 

Sulphate of lead may be artifioially crystallised by fusing chloride of lead with 
sulphate of potassium, and boiling ont the soluble salts with water , it then remains 
as a heavy white oryataUmo powder, which, even under a lowmagnifyingpower, is seen 
to consist of tabular arystals havmg the form of the native sulphate (Manroas). 
It is usually obtained, as a heavy white crystalline powder, by preoipilatmg a soluble- 
lead-salt with sulphurio acid or a soluble sulphate ; and on the large scale, as a 
secondary product, in the preparation of oluminic acetate by precipitating alum with 
acetate of lead It is also produced by oxidising sulphide of lead with strong nitric acid- 

Sulphate of lead is nearly insoluble in pure waier-, according to Hodwell (Ohem 
News, XI. 60), 1 pt. of it dissolvos in 81,062 pts. water at 16° ; also in dilute stipltuno 
aoid, somewhat more easily in strong sulphuric acid ; also in nitrio and hydrooUorio 
aaids According toEodwell (Chem. Soc Qu. J. xv 69), 1 pt. of lead-sulphate dissolves- 
‘.n the folio-wing quantities of hydrochloric and nitric acids of vanoiia strengths : — 


Hydrochloric 


gfaWty° 

1’0619 


HCI 

per cent. 
10'602 
16 810 
22 010 
27-626 
31 802 


303-10 
173 76 
127-48 
10282-78 


Speeiflc 

gravity. 

1-079 

1-123 

1-260 


11 56 
17 60 
34-00 
00-00 


On dilution, all the hydrochloric acid solutions, except the first, deposit needles of 
plumbic chloride. The nitrio acid solutions yield by evaporation octahedrons of 
plumbic nitrate. The sulphate, digested for three or four days with nitric acid con- 
taining 60 per cent. N^O“, is almost whoUy converted into octahedrons of tlie nitrate. 

It is dissolved m larger quantity by some ammoniaoal sdtta — e 5' , ly the sulphate, 
nitrate, acetate, and tartrate, and easily by caustic potash or soda. 'Whan boiled -with 
a strong solution of potassie or sodw carbonate (best -with the acid carbonates), it is 
decomposed hke sulphate of banum, jieldmga solution of aUcalme sulphate and a deposit 
of carbonate of lead. Aooording to LSwe (Jahresb. 1889, p. 686), sulphate of lead 
dissolves in aqueous hyposidpJate of sodium, m cousoquence of tlio formation of sodio- 
plumbie byposulphite This reaction may be rendered available forsoparatmg sulphate 
ofleiid from sulphate of barium. Accordin^to Field (Chem Soe. QiuJ. in. 28), nitrate 
of lead produces no precipitate in a mixture of sodio sulphate and liyposulphito. 
According to Stadel (JahreBb. 1863, p. 246), 1 pt. lead-sulphate dissolves m 12 2 pts. 
of calctc axelate (in very driuto solution). It is slightly soluble also m inplimMo 
acetate, insoluble in diplambw acetate. 

Sulphate of lead melts at a red heat, -without decompo-sition, unless in contact with 
silica OP cUy On charcoal before the blowpipe, it is reduced to metalbe lend, with 
evolution of sulphurous oxide. The products obtained by heating it with charcoal 
vary, however, according to the proportions used • thus — 

2PbSO‘ + 0 = 2PbO + 00^ + 2SO* 

PbSO‘ -t C = Pb 00“ + SO“ 

PbSO^ -e C‘ = PbS + 400. 


When heated -with stdphde of lead, as in the process of lead-smelting (lii. 482), it 
yields metallic lead, or a mixture of the metal and the protoxide, -with evolution of 
sulphurous oxide: 

PbSO* -1- PhS = 2SO» Pb“ 

2PbSO'‘ -t PbS =. 3SO» + 2PbO -l- Pb. 

Heated to redness in a stream of hydiogen, it is reduced to metallic load, according to 
the equation, 

2PbS0< -t- 7H“ « Pb’ + SO-* -h H’S + eH’O. 
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Tlie retluption of tlio aiilpliate by oarl/omc oxide is imich moro difBrUt, and requires a 
wiich higher teniperauire ; ni consequence ef whicli a portion of the siilphide of lead 
formed at first, as represented by the equation 

2PbSO' + 6CO = Pb + PbS + SO* + 6C0*, 
acta upon the undecomposed sulphate as aboro, and thus complicates the roaotio... 
(Rod-well, Chem Soe. Qu J. xvi. 42) 

Iron and xino, in contact with uater, reduce sulphiito of lead to a spiongy mass 
of metallic lead. When triturated -with a solution of ^mtassie chromate, it yields 
chromo-yellow, Like nil other lond-salts, it is blackened liy sidjlu/clno aad 

Sulpliiite of lead, as commonly prepared, is not adapted for painting, on account of 
its crystalline clnirncter and ti-.mspaivncy ; but by mixing lifh.irge to a paste, with 
water eontuniing ii small quantity of acetate of lead, and gradually adding sulpluuie 
acid, the sulphate may be obtained in the amorphous state, and mixed with a large 
excess of Oxide of lead. In this state it has considerahlo body, and nwy be used 
instead of ordinary white lead (Richardson ) 

A hamo sidpliote of lend, 2PbO BO^ •= PbSO* PbO, is obtained (according to K n h n) 
by digesting the recently precipibitcd normal sulphate -with aqueous nminouia, 

AmiKonio-p/timlrtc suljilude, Pb"(NII-‘)*tSO')*, is produced by precipitating a mode- 
rately concentrated solution of plumbic acetate with excess of eulphunc acid, noutvalis- 
ing the liquid with mnmonin, and heating it to the boihiig-point. If a sufficient 
quantity of onimoni.ionl salt is present, the precipitate dissolves completely, and the 
solution on cooling deposits the double salt, m slender, shining, transparent crystals 
If no crystals separate, tho liquid must bo again hooted till a precipitate bepns to 
form ; the liquid will then deposit crystals on cooling Water decomposes tho double 
salts, extracting 30 4 per cent, ammonium-sulphate, and leaving 60 8 per cent plumlno 
sulphate. The crystals when heated yield a sublimate of ammoninm-sulphite, 
(Wohler) 

A compound of suipka/o and cMonde of lead was obtained by Be cquarol (Ann 
Oh. Phiirm. Ixxxiv 189), in needlo-sliaped crystals, together with other products, by 
the action of galena on a solution of cupric sulphite and sodie chloride, continued for 
seven years. 

Sulphate of lithium, Li'SO'.H’O — Tins salt maybe prepared by decomposing 
the (Mrbouato or ohlorido -with sulphuric acid, — or, better (according to Fudhs), fioni 
triphylhn 8 pts. of this mineral, finely pounded, are stirred up with 6 pts of w ater ; 
3^ pts. of nitric acid (of specific gi'avity 1 20) and !(■ pts. of strong sulplnrnc acid aio 
then lidded ; the whole is evaporated to dryness ; the dry mass oxhiustcd with watci , 
the solution preci(iitated with ammonia and sulphide of ammonium, and tlion with 
oxalate of ammonium; the filtrate evaporated to dryness, and the residue ignited. 
The aqueous solution of the residno yields the salt in cryatals. Siilpbutc of litlinnu 
crystalhses in flat prisms or tables containing 1 at. water. It melts easily, and dis- 
solves in water ana in alcohol. Respecting the czpiansion of the aqueous eoUitiun by 
boat, see Ercm ore (Jahresb. xiv 61). 

PuimM'liihte eidpkate, Li'‘K''(SO ')’, forms ciystals belonging to the hexagonal 
system (Schabus). — Sodio-hthm sulphate ciystalbses, (accorfing to Mitscherlioh) 
in acute rliombohodrons. 

Sulphate of Masnaslum, Mg“SO* 7H*0, Bitter Salt. Epsom, Seidbix, or Said- 
teliutx Salt, Epsemite Sal amarum, a. anghetm^ s, eathai ticum. — I’iiis s.alt is very widely 
diffused in nature, occurring sometimes in tho solid state, but much moro abundantly 
ill solution in sea-wator and saline springs It oeeurs as Epsomite, or Hair-salt, in 
Silky fibres and fibrous crusts, at Idria in Carniola, at tlie gypsum qnames of Mont- 
m.irtra near Pori.s, w Ktou, Dept, of the Audo (Rrance), m Arragon and Catalonia, in 
the Cordillcr.i of St. Juan in Chile, and in a grotto in South Afiica, where ib forms a 
layer I ^ inch thick. The floors of the limestone eaves in Kentucky, Tennessee, and 
ludiauu are in many instances coveted with minute crystals of epsomite mingled -with 
tho earth. In the Mammoth Cavo, KontucW, it adhores to the roof in loose masses, 
like snowballs. It is said to occur aleo in California and at Marmora m Canada West 
(Dana.) 

A munoliydrjted siilpliato of magnesium, called Kiesmte, occurs, mixed -with the 
nnhydroiK sulphite, in the salt-beds of Stassfurth, forming granuhir lumps. 

Siilpliato of magnosiuin constitutes tho purgative principle of bitter-wat.era, as those 
of Epsom in .Surrey, and of Beidlitz, S.iideehutz, and Pullna in Bohemia. It is often 
produced by the mutual action of mngnesic carbonate and gypsum, as when a solution 
of gypsum remains for a long time in contact with a magnesian limestone. At Said- 
BchntK, Seidlit/s, and Piillna it is obtained by digging pita in the marl ; in these tho 
bittei'-w.iter gradually collects, m cousequoneo of the reaction just mentioned, and on 
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auliaequently leaving the water to evaporate in shallow pans, the sulphate of magne- 
sium ci'vstalhses out. 


Sulphate of magnesium is prepared in considerable quantitiee from sea-water and 
saline spimgs, either by precipitating the magnesia with lime, and then dissolving it 
m sulphuric acid , or by first crystallising out the greater part of the common salt, 
and then treating the mother-hquor, which contains chloride of magnesium, either 
with sulphuric acid or with ferrous sulphate, whereby sulphate of magnesium and 
ferrous chloride are obtained, the latter remaining in solution when the liquor is 
further evapprated, while the sulphate ot magnesium crystallises out. Kespectmg 
Balaid’s improved process for obtaining sulphate of magnesium and chloridB of potas- 
sium from the mother-liquors of sea-water, see Potassium-salts (iv. 717), also 
Richardson and Watts’s CUmwal Technology (to1,i. pt lu pp 157, 538). 

Sulphate of magnesium is also produced in considerable quantities by treating 
native carbonate of magnesium or dolomite with sulphuric acid; the gypsum 
formed in the latter ease, being much less soluble than the magnesian sulphate, 
is easily separated from it Sometimes the dolomite is burnt, the lime dissolved 
out by pyrohgneous acid, and the residual magnesia treated with anlphurio acid 
(Henry). Serpentine, which is composed of hydrate and silicate of magnesium, may 
also he used as a source of magiiesic sulphate. In the neighbourhood of Genoa, the 
serpentine of the locality, which is intorseeted with vnms of iron and copper pyrites, is 
roasted, then exposed to the air for a long time, and lixiviated Prom the liquor thus 
obtained, the ooppoi is precipitated by iron , the ferrous oxide is poroxidised by 
chlorine , the resulting ferric oxide is precipitated by burnt lime or dolomite , and the 
clarified solution, wbioli contains sulphate of magnesium, is evaporated to the orys- 


Suipfiate of magnesium crystallises on cooling, from a hot moderately concentrated 
solution, in large, iour-sided, right rhombic prisms, containing 7 at. water, and isomor- 
phous with the heptahydrated sulphates of zinc and nickel, also with chromate of 
magnesium. The moat common form is the combination ooP j — that is to say, a 


vertical prism terminated by dome-shaped summits placed in opposite directions above 
and below (j5p. 281, h 150). Axes a 5 • c = 0-989 1.0 6703. Angle aP • ooP 
=■ 89° 22’, Cleavable parallel to oopoo. The commercial salt is usually# 
crystallised in small needles, obtained by rapid crystallisation from a very strong 
solution The crystals are not efflorescent, but the commercial suit sometimes becomes 
moist in contact with the air, from adhering chloride of magnesium 

A boiling concentrated solution, if transferred while still hot to a weU-closod vessel, 
often remains liquid and in a state of supersaturation, for a long time after cooling, 
hut if exposed to a low temperature, it solidifies entirely to a erystalline mass Some- 
times, however, such a solution, after keeping for weeks or months, deposits milk- 
white prisms containing 6 at water, and sometimes crystals containing 7 at. water, 
hut differing m form from the ordinary crystals (Lowel, Ann Ch. Phys [3], xliu. 
405, .fahrosb 1856, p 345) These heptahydrated Crystals were formerly supposed, 
according to Marignac's Qetormtnations (Jahresh 1867, p. 160), to be rhomholio- 
dr.ll (oB . 4- E , + E — 2E), hntKopphas shown (Ann Oh. Pliarm oxxv. 359 , 
Jahresh 1863, p 192) that they are monoclinic prisms t»P . oP. +P«, renderfed 
tahnlar by predominance of +Pco. The heptahydrated salt appears, therefore, to bo 
dimorphous, a pioperty which is further illustrated by the existence of the nionochmc 
double salt, Pe"Mg"(SO>)°.UH^O, or Po"SO< 7H-0 + %"SO '.7^0, and others of 
similar composition fpp 594, 698) 

A solution of niagnesic sulphate, concentrated till a crystalline film begins to form 
upon it, and then left to crystalliso at 80°, deposits the hoxhydratecl salt, 
Mg"SO'' 6H’0, in small monoclinic crystals, isomorphons with the corresponding 
hydrated sulphates of sine and nickel Axes, n S . o 0-7123 1 1 1841. Angle 
b c = 81° 26'; mP : t»P (ortliod ) » 108° 28'; oP • ooP 86° O'. Ordinary com- 
bination, oP . coP, with -P, + ^P and + 2P, &e snhordinato — K solution, crystal- 
lised at a temperature several degrees below 0°, deposits (according to Fritzeeho) 
large crystals containing 12 at. water, of which, however, 5 at. are given off as soon 


as the temper.itui-6 rises to 0° 

The ordinary h^tahydi-ated crystals melt m their water of raystallisation when 
heated, and give off 6 at water at 160°, hut retain the seventh atom even at 200°. Tina 


last atom of water, designated by Graham as “ constitutional water,” may be replaced 
by various salts, giving rise to double salts The anhydrous salt is ii white mass, which 
melts at a red heat, but is only partially decomposed at very high temperatures. 

Sulphate of magnesium is very soluble in water. 100 pts. of water dissolve 25'78 
pts of the anhydrous salt at 0°, and 0 47816 pts for every degree boyond (Gay- 
Lussac). One pt of the heptahydrated salt dissolves in 0 790 pts. water at 18-75. 
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Sulpiate of magnosiiun is 10801111)16 in alisoluta alcoiol, moderately eolublo in 
hydrated alcohol. According to Schiff (Ann. Oh. Pharm. cxviii. 866) 

A MlutlCQ (saturated at 15°) 

... Contains per cent of 

MpSO^aq 


Speclflo Gravl^ 
1-000 
0 986 
0 972 
0 938 


It. by weight. 
0 
10 


(See, further, Storer’s IHottonary of Solvhtlitm, vol. lii. pp. 609 — 612.) 

Sulphate of magnesium may he used, in localities irhoro it occiu-s native, as a substi- 
tute fur sulplnirio acid in the decomposition of common salt When 2 pts of the 
oidiuai-y crystallised sulphate are heated -with 1 pt. of common salt, hydrochloric acid 
ie evolved, and a icBidue is obtained, consisting chiefly of sulphate of magnesium and 
sulphate of sodium (Ramon de Iiiin^ Respecting Olemm’s process for preparing 
BiilphiiTic acid from kiescrite, (MgSObBPO), or from common sulphate of magnesium, 
and for decomposing common salt and chloride of potasamm with iieaerite, see Richard- 
son and Watts’s Chemia’al Technology, voL i. pt. v. p. 266. A mixture of common salt, 
peroxide of raiignesia, and sulphato of magnesium may be used for the preparation of 
chlorine. (DeLuna) 

Au aad sulphate of magnenun, Mg"It*(SO*)*, is produced dissolving the anhy- 
drous neutral sidphate in hot concentrated sidphuno acid. The perfectly saturated 
syrupy solution deposits the acid salt on standing, in shining six-sided tables, which, 
however, rapidly absorb water and are thereby decomposed. (S oh i f f, Ann. Ch. Phai-m 
cm 116) 

Double Salts — Sulphate of magnesium unites with the sulphates of ammonium, 
potassium, and thallium, forming double salts, whicli contain 6 at. water, and, as 
already obsei-ved, may be regarded as formed from the hoptahydrated sulphate by the 
BubsUtution of 1 at. K^SO'', &c. for 1 at. H*0 They crystalhse in monoclinic prisms, 
isomorphous with the eorresponding ferrous s-alts, &c (pp 693, 598). The several salts 
of this isomorphous group do not oxhibit exactly the same angles, but the differences 
are but small. As an average, tho ratio of the axes, a:b . o = 1-4 ■ 1 0-67, Angle 
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i ; 0 = 74° 80'. The orystalB genemlly exhibit the fiices coP . oP . + P . + 2 P<d . 
Pco, often also [ooP2] and ooPoo, butmostlj' subordinate; also — P, &c. They are 
usually prismatic in the direction of the principal axis, or tabular from predommanoo 
of oP , rarely pyramidal or rhombohedral. 

Foiasm-magnma sulpluite Mg”K*(SO^)’ 6H=0, is obtained, as a secondary product, 
in the preparation of common salt from sea-water and brine-springs (iv. 717), 
separating from the mothei'-liqnors when concentrated to 34° Banmd in largo hard 
crystals, which may be purified by rccryetalhsation. It also separates from a solution 
of its component salts, by eooUng or evaporation. It is nearly as soluble as sulphate 
of magnesium 

Sulphate of magnesium also mutes directly with other heptahydrated sulphates of 
diatomic metals, forming salts containing 14H®0, wliich, as they are formed without 
replacement of any portion of the water by another salt, may for distinction he called 
coupled or composite aalta {gepaarte Salsex Vohl) — e.g., Magnesto-ferroua sul- 
phate, Mg'’l?6"(SO')'‘ 14H“0 (p. 698) , and these composite salts are further capable of 
uniting with alkalinj sulphates, forming double salts in wbich 2 at. water out of the 
14 are replaced by 2 at. of an alkaline sulphate — eg , Mg"0u''K\SO'‘)M2H''O. 

Foiassio-fet-roso-viagnesic sulphate, Mg"Pe"K<(S0'')'‘.12H®0, and the corresponding 
amnwnmm-scdt oryatalhse in large, greenish, ohhque, rhombic prisma and tables, which 
turn yellow on exposure to the air. (Volil.) r 

Fotasm«ilow-magnem sulphate, Mg"da*K''(SO*)'.2H^O, occurs in the salt-beds of 
Stasafurth, and other localities, forming the mineral called polyhalits (iv. 687, 

Soclio-magnesio sulphate, Mg"H'a’(SO‘)’.6ffO, separates in rhombohedral crystals, 
from the bqnors obtained in the jireparation of Epsom-aalt. It dissolves in 3 pts. of 
cold water, is permanent in the air, decrepitates when heated, and gives off its water 
without melting A sodio-magnesic sulphate with 8 at water, is found (according to 
M u 11 0 a y L n n a) in the fom of efflnroaeences, on the bottoms of numerous lalies which 
dry up in summer, in the province of Toledo, between Madiid and the Mediterranean. 
It forms large, transphrent, regular, piismatio crystals. 

Sulpbates of Mansanese*— « Manganio Sulphate, jin’(SO'')* = fci®0®. 
8S0®, — This salt does not crystnlliso, and was formerly Icnown only in solution , but, 
ai'ooiding to Canus, it may be obtained in the solid state by tritiuating very finely- 
divided manganio peroxide (prepared by passing chlorine into a solution of sodio car- 
bonate in which manganous carbonate is suspended) to a thin paste with strong sul- 
phniio acid, heating the mass very gradually to about 138° (at which temperature it 
exhibits a deep green colour), then placing it on n warm plate of pumice to absorb the 
excess of snlplinrio acid, tatnrating it in a warm porcelain mortar with strong nitric 
acid, afterwards absorbing tliis acid by pumice, and repeating this treatment six or eight 
times — finally heating the mass in a porcelain dish to 130°, till all the nitric acid is 
di'iveu off, and quickly transferring the product to diy glass vessels. 

Manganio sulphate thus prepared is a deep green perfectly amorphous powder. It 
may be heated with sulphuric acid to the boiling-point of the latter iVithout decompo- 
sition , hut on continued boiling, it gives off oxygen, and gradually dissolves ns man- 
ganous sulphate. It is insoluble m nitric acid , but strong hydrochloric acid dissolves 
It, forming a brown solution, which gives off chlorine when heated It absorbs moistm'o 
rapidly from the air, and small quantities of it deliquesce instantly to .v clear violet 
viscid solution, which, however, soon becomes turbid from separation, of manganic 
liydiato. It is quicldy decomposed by water, and by dilute acids. With organic 
bodies it reacts like a mixture of manganic peroxide and sulphuric acid, but much 
more quickly. Wlicn heated with a large quantity of sulphuric acid, and a small 
quantity of water, it is conierted into a red-brown basic manganio sulphate. 
(Cariiis, Ann. Ch. Pharm. xcvui 64 ) 

Manganio sulphate unites directly with the sulphates of potassium and ammonium, 
forming alums — Vao potassvmn-salt, Mu"’K(S0^)'‘.12H“0, obtained by mixing tho 
oencentrated red solution of manganic sulphate with a saturated solution of potiissic 
sulphate, and evapo-atnig to a syrup at a gentle lioat, crystallises on cooling iu dark- 
vibJet octahedrons It is resolved by water into its component salts. — The amimnium- 
sali resembles it exactly in extoriinl appoauince 

/3 Manganous sulphate, Mn"SO^, is occasionally found native together with 
ferrous sulphate and zine-sulphato. It is prepared by dissolving manganous carbonate 
in dilute sulphuric acid, or by heating any of the higher oxides of manganese (generally 
the native peroxide) with strong snlphnrie acid, till the evolution of oxygen ceases, and 
the mass has become dry. 'I'his residue, after being then strongly ignited to decomposo 
tho non-salt present, yields, by lixiviation with water, a solution of mang,uionB sul- 
phato free from iron. A process, much used on the largo scale, consists ui igiulmg 
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manganic pcroxida in a gas retorb with about one-tenth of ite weight of pounded coal, 
and disBolTing the Tnangunous oxide tlius obtained in aulphtmc acid, adding a little 
hydroeldoric acid at the laat, to rednco any remaining portion of the higher oxides of 

Manganous sulphate crystalliseB, though with Boiue difficulty, from a solution 
eynporatod and lott to itself, the pioportiou of w.iter contained iu the crystals varnng 
with the tempeiature at which they are depoaiti'd Bolow a- 6“, crystils are formed 
containing 7 at. water, and isomorphuus with ordinary ferrous sulphate , but those 
deposited between 7° and 20° contain 5 at. water, and are isoinorphoiis with cupric 
sulphate The heptahydruted salt roettb at 18°, and the liquid, if further evaporated, 
deposits a salt containing 2II-0, The hoptnhydrate effloroeces in di'y air at 10-' to 12°, 
and IS converted into the hexhydrate IVlnSO' 6H''0, which at 18° gives off 2 at. more 
of wafer, leaving the tetv.diydvnto. The heptahjdrafed salt covered with absolute 
alcohol, and exposed for some days to a temperature of 10 ', is converted into a powder 
contiuning 6 at. water, but at 20° into a powder containing only 4 at water 
(Brandes). Between 20° and 30-' a solution of manganous sulphate yields the lotra- 
liydrate MnSO'iH-O. in monoolinio p'isms, isomorphous with tetrahydrated ferrous 
sulphate, and exhibiting the combination, mP . ooP2 . [ <»Poo ], with oP and [Pas ] at 
the ends. Axes, a. J: c. = 1 1S7 . 1 • 0 6783. Angle ft c+ 89° 7', oaP ooP 
(orthod ) = 81° 40' , 05 P 2 ■ odP2 (orthod ) = 46° 44' , [Poo ] [Pos J (basal) = 
119° 10' j oP : taP =. 89° 20'. — These crystals give off 3 at water at 113°, Iputietain 
the lest at 200°. According to Knhn, a strongly acid and concentrated solution of 
mangtinoua sulphate yields, by evaporation, a granular suit containing 1 at. water Of 
all tliose hydrates, that containing 4 at, water is of most feoqueut occurrence Tho 
crystals of manganous sulphate are ooloiiiless, or hove a faint amethyst-rod tint, due 
probably to a trace of inangame salt. The anhydrous salt dissolves, aecoiding toi 
Brandes, in 2 pta. water at 16°, aud in 1 pt. at 80° , at h%lier temperatures it is more 
soluble. 

It IS insoluble in absolute alcohol, moderately soluble m weak apint 

Ammiytm-mavganotu mdphuU, Mn"(NH-‘)XSO'')’'.6H'-'0_, prepared by mixing tho 
solutions of the component salts, and evaporating, forms deliquescent monoolinio 
crystals, isomorphous with the correapoudiiig magnesiuin-aalfc. (Mitsoherlioh.) 

futassio-mangafious mdfkate, Mn'’l£\SO'')’ OH'O, is obtained (aocurding to Mit- 
B oh erlich,) in like maimer, and crystallises in similar form Mari gn a 0 , 011 the other 
hand. (Ann. Min. 16] ix 1 , Jahvesb. 1866, p. 381), by mixing equivalent quantities 
of mangsnoiis snlphnto and potaasic sulphate, aud piaporating tha solution in a 
vacuum at 10° to 12°, or by cooling a solution sstmutod at ordinary temperatures toi 
0°, never obtained the hexhydrated salt, but always the tetiahydrate, Mn"K'(SO' )' 4H“0, 
in moiioehnic crystals, — a result confirmed by v. Hauer (J, pr Chem. Ixxiv 431, 
Jahtasb. 1858, n 170). The tetrahydrated salt was also prorioiisly obtained by 
Pierre (Ann. Ch. Phys. [3], xvi 239). The same solution, left for some time at 
40° to 60°, yields pale-red tridlinic cryatalB of the dibydrato iln K'(S0*)°.2H-0. 
(Marignac.) 

Sodw~iMnganoui euljghate, Mn"Na°SOt, crystallises by spontaneons evaporation in 
monoclime eiystsle, containing 4H®0 , and at 40° to 60°, m triclimo crystals with 
2 ut. water. (Marignac, loc oit.) The dihydratcd.salt was previously obtained in a 
siiiiihirinauncrby Arrott (Ann Ch, Pharm In. 243). Ills not efflorescont, and 
bears a temperature of 100° without decomposition. 

Ammonio-ferroso-maiiganoue eidgkate, Mn"I?e"i,NH')’(SO')'' I2ll*0, and the corre- 
sponding potumiim-sak, also tho corresponding smeo-mnngamm salts, crystallise in 
monoclimc prisms and tables , the zine-salts are colourless , the feiTous salts have a 
tinge of green, and oxidiso on exposure to the air. (Vohl ) 

Sulpbatsa of Morenry. — a. Mercuric Salts — ^The neutral salt, Hg"SO‘ or 
Hg"0 SO", IB prep.ired by boiling 4 pts Of mercury with 6 pts. of strong sulphune 
.acid, till snlpbiirons oxide is no longer evolved, and the whole is converted into a 
dry salmo muss ; or by dissolving 2 pta, of finely pulverised mercui'ie oxide in 1 pt. 
sulphuric acid diluted with 4 to 6 pts. water, and evaporating with constant sornng 
Eissfeklt obtained it, in crystals containing 1 at. water, by heating mercury with 
sulphuric acid, as ubovo, till the mass no longer became moist on exposui'O to the air ; 
then spre.idirg it out in a thin layer, and just covering it with water , the hydrated 
salt then sepniated, in the course of an hour, in colourless quadratic prisms, several 
lines long. The 1 at. water is given off at 100°. 

Moremne sulphate has a sharp, saline, disgusting metallio taste. It hoars an 
incipient red heat without alteration, hnt meltb at a higher temperatin'e to a brown 
liqmd, and volatilises complotoly to a white crystalline sublimate— a small portion, 
howover, suffering decomposition When heatqd jn hyiochlorio noid gas, it is con- 
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verted into mereurio chlorido, and is decomposed in like manner by dry hydriodio 
and hydiiMyaiiie acids. In the wet way it is decomposed by all hydracids. By water 
it is resolved into a soluble acid salt, and an insoluble basic salt. — ^The acid salt, 
Hg''0.3S0“ = Hg'’SO'.2SO“, isobtained.by evaporating the filtered solution, in white 
needle-shaped cryetals which ahsorh moisture, from the air. — The haste salt, 3Hg"0 
SO’ = Eg"S0’.2H^'0, formei'ly called mmeral iurpetlmm, or turhith mineral, is 
propai'ed by boiling the neutral salt with water, or by precipitating a hot dilute 
solution of mercuric nitrate with sulphate of sodium. It forms a lemon-yellow powder, 
which turns grey on exposure to the air, is veiy slightly soluble in cold, somewhat 
more lu hot water When heated, it is resolved into mercuric oxide and the neutral salt. 

Both the neutral and the basic sulphate are converted by aqueous ammonia into 
sulphate of tetraraereurammonium, or ammoniacal turpethum, 
(N’Hg’) SO* 2H’0 (ill. 928). 

Ammmm-merourio sulphate, 3Hg''(NH*)“(30*)** 2H**0 [?], obtained by mixing the 
solution of the component salts, is slightly aolnhle in water, more soluble in excess of 
, ' - ‘ - ohhqne, rhombic prisms, which blacken on oxposnre 

-logons m composition to the potessnun-salt, but its 
nnalvsis could not be made with accuracy, as the crystals were covered with a fine 
powder of ammoniacal turpethum. (Hirzel, Zeitschr. f. Pharm 1860, p. 17, 
Jdhrosb 1860, p 332 ) 

Pntassio-msroum sulplmie, 3Bg''K*(SO'*)’ 2E*0, is produced by dissolving 1 pt. of 
dry mereurio sulphate in warm sulphuric acid, adding a solution of 1 pt, potassio 
snlphato, digesting till the whole is dissolved, and f^adnally adding boding water till 
a permanent cloud just begins to form. By slow cooling, it cryatalhses in large, colour- 
less, monoolimo prisms fSirzel) 

Mereurio sulphato-iodido, Hg''SO* Hg"I*, is produced by dissolving mercuric iodide, 
with aid of heat, in concentrated sulphuric acid, and separates from tho solution 
m wliita confused crystals, which may be washed with alcohol, but are decomposed by 
water. (Souville, J Pharm. XXVI 174) 

Mcrcuria sulphato-pthnsphide, 2(3Hg“0 SO’) Hg^P, is obtainocl,‘by passing phos- 
phorotted hydrogen-gas into a solution of mercimo sulphate containing free sulpWic 
iieid, as a heavy white powder, w'hich, after di'ying in a vacuum, contains 4 at. water, 
but becomes anhydrous and yellow when gently heated. It dissolves easily in mtro- 
miiriatio acid. (H Hose, Pogg. Ann. xl 76) 

Mercuric sutphato-sulplade, 2Hg"SO* Hg"S, discovered by Eose, is Jiroduood, by 
imperfect precipitation of mercuric sulphate with sidphydrio acid, os a white flocoulont 
g'eoipitate, aoquiimg a yellowish tinge when dried at 100°. (J acobsen, Pogg. Ann. 

8 Mercurous Sulphate, Sg^SO^ = Hg’O SO’, is obtained by healing 1 pt of 
mercury with 1;^ pt, strong sulphuric acid, till the whole is converted into a white 
powder, but no longer; caremustalao be taken that the heat does not nso to the boiling- 
point of the acid, as in that case mercuric sulphate will also bo formed. The mass is 
to be washed with cold water, as long ns the water acqmres a sour taste. According 
to Mohr, it may be obtained as a subhmato, by heating merciiric sulphate to redness 
in a retort. It is also precipitated as a white crystalline powder, on mixing a solution 
of mercurous nitrate with sulphuric acid or sulphate of sodium. 

Mercurous sulphate is sparingly soluble in water, requiring 600 pt.s of cold and 300 
pts of warm water to dissolve it. It separates from the solution in rhombic prisms, 
also from solution in boiling dilute sulphuric acid Caustic alkalis, added in small 
quantity to a boiling solution of this salt, throw down a basic raercurona sulphate ; 
when added in excess, they precipitate pure mercurous oxide. 

A merniroso-mermrw sulphate, Hg’SO* 2Hg''SO', is produced, according to Brooke, 
by heating morcm’oso-merciine nitrate with sulphate of sodium. It is insoluble in 
cold water. 

Sulphates of molybdenum. — Molyhdaus sulphate, Mo''SO* = MoO.SO’, pve- 
p.u'ed by disMlving raulybdoiis hydrate in eulphuric acid, forms a nearly bUck solu- 
tion. By triturating the dry hyefrate with strong sulphuric acid, a pitch-blaok viscid 
compoimd is obtained, which is neutral if a suftlciont quantity of the hydrate has boon 
iiBod Water decomposes it into a soluble acid salt and an insoluble basic salt. 
(Her zelius ) 

Molybdic sulphate, MoW(SO*)’, = MoO®.2SO^ is produced by dissolving molybdie 
hydrate in sulphuric acid, - ' ' ' ’’’ ’dortdo with that acid It is reel 

solution, black in the dry s ■ •temperature (Berzelius) 

^ Permolybdio sulphate, 2Ji-u = Mo’-U’ 3SO“ 2H’0, foi-ma (according to 

Berzelius) a yellow solution, which dries up to a lemon-yellow mass Accord- 
ing to Anderson, it may bo obtained in crjstals, by decomposing molybdate of 
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bj-mra with excess of snlphiiiie acid, and evaporating the filtered solution in the exsic- 
cator. It deliquesces on exposure to the air On boiling the solution with oxcosa of 
molybdio trioxido, the hquid boeomes turbid, gelatinises on cooling, and deposits a 
light-yellow flocculent body, probably a basic salt, somewhat soluble in water, but 
Insoluble m alcohol. * 

Sulphate of Wioltel, Ni"SO* =• Ni"O.SO", is obtained by dissolving niotallio 
niehel in dilnto sulphuric acid mixed with a little nitric acid, or by dissolving the 
bydmito or ciu’bonate of mekol in dilute sulphuric acid The .solution, concentrated by 
evaporation, yields crystals containing 6 or 7 at. water, according to the temperature 
at which they sepaisite. Helow 16°, the salt JfiSO' 7H‘’0 separates in omernld-gi’eim 
crystals, isomorphous with sulphate of magnesinm; but botwoen 15° and 20°, emerald- 
green, quadi'atie octahedral crystals are deposited, containing Ni"SO^ 6H''0, exiiibiting 
the combinations P . oP (jig. 228, u 13G) ; P . ^P . oP (Jig. 229) , P . . oP P« C/h/. 

230) ; P . iP . ^P . OP , also P . JP . W . oP Poo . oaPoo (Jiy. 231 ), and wpeo Pi 
. oP . P . |P. Length of principal axis ,= 1-888. Angle P • P in the terminal edges 
= 97° 4'; in tho lateral edges = 138° 6C', .JP ^P (terminal) = 111° 4' (lateral) = 
108° 20'. Cleavage very distinct parallel to oP, leas distinct parallel to ooPoo , The 
former crystals, when exposed for some days to a gentle heat, are converted into 
aggregates of the latter, losing their transparency at the same time , sometimes also, 
whan broken, they exhibit in tWr interior aggregates of the quadratic crystals (Mit- 
Bobcrlich). The hexhydrated salt is moreover dimorphous, a solution kept at a 
temperature of 60° to 70 °, depositing monochnie crystals with 0 at water, and isomov- 
phouB with the 6-hydrnted crystals of miiguesie sulphate (p. 601), cobaltous sulphate, 
and zinc-sulphate. These crystals gradually become opaqiie and bluish at ordinary 
temperaturrs. (Mangnae.) 

Sulphate of nickel dissolves in 8 pts. of water at 10°, but is insoluble in alcohol 
and m ether The ciystais efBorosco iu dry air, and crumble to a white powder, 'Whon 
heated, they give off thou- water, the last atom being, however, retained more strongly 
than tlie rest. Tho anhydrous salt is yellow, and giyes off part of its acid at a red 

A basic nicM-sulpiiatc is obtained, as a liglit-greon insoluble powder, by imperfect 
precipitation of the neutral salt intb potash; also (according to Tnpputi) by gently 
heating the neiitml salt 

Ammontacal SiUphatca of HicM. — ^Anhydrous sulphate of nickel absorbs ammonia- 
gas with rise of temperatm-e, forming tho pale-violet compound, NiSO* 6NH* (H. E o s e). 
A warm saturated solution of nickel-siuphnto in aqueous ammonia, left to cool and 
evaporate inavacuum, deposits (according to Erdmnnn.Vlight-blne prismatic crystals 
belonging to the tnmetric system, and containing NiSO*.4NH'' 2H“0. This compound 
is Very soliihlo in water, and is precipitated from the solution by alcohol. The solu- 
tion IS decomposed by boiling. 

Sulphate ofNieJed and Potassium, Ni"K’(SO'*)* 6H’0, is a light-grsen salt forming 
crystals, isomorphous with thecorrcOTondingferronsand magnesio salts, and exhibiting 
the combination coP [oaP2] . [mPoo] oP. [Pm] , +P. +2Peo (Jig. 296, u 164), 
also without [ mP 2] ond [ »Pw 1 (fig. 297). It dissolves in 0 pts of water. The cor- 
responding ammomum-aalt, Ni"(NH^y(SO')* 8H-0, dissolves in 1^ pt water. 

Sulphate of Huihxl and Zinc, m"Zn"(SO<)“.6H^O, is formed (according toMitsoher- 
lich) by digeshng sulphate of nickel with metallic zinc, and separates on evaporation , 
jn light-green effiorescent crystals, having the form of the 6-hydrated snlpliate of nickel 
(which form ?), 

Tho salt Ni"Pc"K'(SO*V.12H’0, and the corresponding salts eontiuniiig magnesium, 
manganese, or zinc in place of iron, and ammonium in place of poteasnim, orj-stalliso 
in emerald-green prlsiiis and tables, isomorphous with the salts of like composition 
already described (Vohl.) 

Sulphates of Osmium. — Osmia sulphate, Os''(SO‘)* = OsO“.2SO* is produced 
by dissolving sulpliido of osmium iu excess of nitric acid, and remains after the 
excess of nitric acid and fheosmio tetroiide simultaneously formed hare been removed 
bv distillation, as a dark yellowish-brown syrup, showing no tendency to ciystallise 
The yellow aqueous solution has an astringent taste, reddens litmus strongly, and 
is not precipitated by alkalis. — Osmious sulphate, Os"SO', obtained by treating sulphide 
of o.sminm with an insnffleient quantity of iiitrie acid, or by dissolving osmious liydi-ato 
in dilute Biiliihuiic acid, is a yeUowish-brown amorphous mass. 

Sulphates of Pallaaium — The neutral sulphate, Pd"SO'', is obtained, according 
to Kane, by dissolving piilUdinm in sulphuric acid mixed with a little nitnc acid The 
solution, evaporated to a. syriqi, deposits the salt on cooling, in brown irregular crystals 
containing 2 at water. It h.i8 a sour and metallic taste, deliquesces in moist air, and 
IS decomposed by a large qnantity of water.— A basic salt, Pcl''S0'.7Pd"0.6II'‘0, is 
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formed when a solution of the neutral salt m a small quantity of water is diluted with 
a large quantity, and separates as a hrown powdei, which, when exposed tq tho air in 
the dry state, gradually takes up 4 at water (Kano.) 

Sulphate of Palladammomttm, N“H“Pd".SO*. See Pallamum-babbs (iv. 329). 

Sulpbates of Platinam — Flaitnio sulphate, Pt''(SO')’‘, i« prepared hy dis- 
solving recently precipitated eulphide of platinum in faming nitric acid, and evaporating 
at a gentle heat (E. O avy) , or by mixing a coueontrated aqueous solution of platmio 
chloride with sulphuric acid, and evaporating to dryness (Berzelius). The dry salt 
IS nearly black, the solution dark-brown It is decomposed by sal-aminoniao when 
evaporated to dryness therewith. (B. Davy, Phd. Trans. 1820, Sehw. J. xxxi, 
310 ) 

Bano-plaiimo sulphate is formed, as a precipitate insoluble in water, on mixing a 
solution of platinic sulphate witli chloride of banum. It dissolves in boiling hymo- 
chloric acid, and is not decomposed by alkalis. (B. D a vy, loo. cit ) 

Foiasm-platinw sulphate is formed by boiling a solution of platinic sulphate with 
potash, as a dark-hrowu precipitate, which is inswuhle in water, dissolves m hydrochloric 
acid at the boiling heat, turns black on drying, and decomposes at a red heat. (E 
Davy.) 

Sodw-platime sulphateh a similar donhle salt, coutaiiiing 7‘11 per cent, sodio sulphate, 
84 16 platinum, and 8'7S water. (E Davy.) 

PI at mo us sulphate, PfSO'*, is obtained by saturating as olution of platinous oxid e 
m potash with sulphuric acid, decanting the liquid, and dissolving the precipitated oxide 
in dilute eulphurio acid (Berzelius), also by digesting platinous chloride with strong 
sulphui'ic acid, as long as hydrochlono acid is thereby eliminated (V auqueli n) The 
solution is dark- blown, turns red on dilution, and leaves a black syrup when ovapo- 

Eespeoting the ammoniaodl sulphates of platmvm, see PtATunrat-BASES (iv. C76- 


Sulpbates of Potassium.— a Normal or Neutral Sulphate, KW''— 
K“O.SO®. Tartarus mtnolatus. Arcanum cluplwatum. Sal polyehrestum Glasen. Sal 
de duobus Speafioum pmgans Paracelsi. Panacea holsaitoa.' Panacea duplicuta. 
Ntirum mtnolalum Spmtm mtnoli coagulahths —This salt occurs native, in delicate 
needle-shaped crystals, or as a cnist, on many of tho Vesuvian lavas, and is desig- 
nated mmeralogically as Glasemte, Aiognite, Aphthitalite, Aphtlmlose, or Fcsuvian salt. 
It exists more abundantly, however, in solution in sea-water and spring-water, and in 
the bodies of plants and animals Itis obtained as abye-product in several manufac- 
turing nrooesees, as m the preparation of nitric acid from nitrate of potassium, the 
acid sulphate-usually obtained as a residue of this operation being converted into neu- 
tral sulphate hy addition of potassic carbonate The quantity thus produced is, 
however, not so groat at present ns formerly, in consequence of the substitution rf 
Bodic for potassic nitrate as a source of nitric acid Sulphate of potassium is also 
obtained when the residue left on treating crude potash with cold water (iv. 710) 
IS dissolved in a small quantity of boiling water It likewise crystallises out from 
the mother-liquors of sea-water and salt-spnngs, and of the liquors obtained hy 
lixiviating kelp and varee, when these mother-bquors are left to cool at a certain stage 
of tho concentration (iv 713-719). Aocoi-ding to Payeii, 800,000 kilogrammes of 
this salt ' are annually obtained in Eranco from rareo. Further, it may be formed 
directly by heating a solution of chloride of potassium with laeserite, MgSO'.H’O, 
or ordinary sulphate of magnesium, under a pressiu'e of 10 atmospheres (Ole mm, 
Ifthresb 1884, p, 784), and from felspar hy calcining that mineral with hme and 
sulphate of Cttleium or b.innm. (Tilghmanii, iv 719 ) 

Sulphate of potassium crystallises in four-sided prisms, or double six-sided pyramids, 
belonging to the tmmetrio system (Tips. 269-276, CnvsTAnnoaiiAOTY, ii 148, 149), also 
in twins like Tip 331 (n. 1G2). Cleavage parallel to coFoo and ooFw . Axes a • 6 ; a 
= 0 7464-1 0 6727 Angle P P (brack ) = 131° 8', ooP. oeP (macr.) =73° 28’, 
03p2 * coP2 = 112° 22 ; Pec Pco (basal) = 69° 36*. The salt was formerly sup- 


puuiBoic ouipuiuo uiv coiuurieBB, very nara, aniiycirone, and unalterable in 
the air , thw decrepitate when heated, and melt at a bright red heat. Specific gravity 
= 2 662 (Kopp); 2 572 (Buignot) P 8 J- 

Sulphate of potassium has a saline bitter taste, and is one of the least soluble of 
potassium-salts. According ta Kopp (Ann. Ch Pharm xxxir 381), 100 pis of water 
dissolve 8-36 pts. of it at 0°, and 0 1741 pt for every degree above 0°. According to 
Kremers (Pogg. Ann xci 120), tlio specific gravity of tho solution vanes with its 
strength, as follows 
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‘' i".-: " " ''‘-I Quantity or K5S04 i Quantity of K^SO* 

_ 1 1 In too pts. of aolu- in 100 ptt of watar. 

1 0193 ?4bl 2 46 

1-0386 4 744 4-08 

1-0608 6 968 7-49 

1-0763 9 264 10-21 

1 0909 • 10 946 12 29 

A eaturalod solution boils at 103“ (Kremers.) 

Sulpbata of potassium is iusoliiblo m potash-ley of specifle gravity 1-35 (Liebig), 
but more soluble in the aqueous solutions of other salts (as the sulphates of sodium, 
magnesium, and copper) than in pure water (Pfaff, Ann Oh. Pharm. xcix, 227). It 
IB insolnhlo in absolute alcohol, hut soluble m dilute spirit. According to Sohiff 
(Ann. Oh. Pharm. cxviii. 366): 

A solution (saturated at 19°) in Cootalni per cent, 

splrltof olK.^SOi. 

Specidc gravity. Per cent by weight 

1-000 0 10 4 

0-986 10 8 9 

0-972 20 1-46 

0 958 30 0 66 

0-939 40 0-2J 

Most of tlio stronger acids abstract half the potash from neutral sulphate of potas- 
sium, and convert it into the acid sulphate. 

"With nitric and with phosphoric acid, however, it forms deftuite compounds. A 
solution of the salt in mine aoul, fri-bt deposits crystals of acid sulphate and nitrate of 
potassium, and afterwna-ds the compound K^SOhENOi, in oblique four-sided prisms, 
■whieli have a specific gravity of 2 381, melt at 160°, and are decomposed by water and 
by alcohol. The compound K^SO-* ffPO* erysUllises, on cooling, from a solution of 
neutral potassic aulphato in erdbiary phonfhonD mid, in sii-sidSl prisms, which have 
a specific gravity of 2 296, and melt at 240°. Both compounds ore decomposed by 
water and by alcohol (Jacqnolain, Ann Oh. Phys. [2], Ixx. 311.) 

iS. Aetd SvlpTiaies — Sydro-vionopoiasm sulphate, KHSO* or K'SO* H'SO*, com- 
monly called Bisulphate of potash, ocem-s native as Misenite, in white silky fibres, in 
the hot tnfa cavern of Miseno near Naples If may be produced by melting 13 pts of 
the neutral sulphate with 8 pts of strong snlphnrio acid, end is obtained as residue in 
the preparation of nituc acid by distilling 1 at nitroto of potassium with 1 at. sul- 
phuric acid (iv. 78). It dissolves in about half its weight of boiling water, and crystal- 
lises from a eoneentrated solution on coohng, in rhombic octahedrons and combinations 
thereof, often vew much like those of native sulphur. Axes a b o = 0-8611 i 1 : 
1-9347. Anglo P . P (hrach ) = 103° 36' ; P . P (macr.) » 88° 12' , P . P (basal) 
- 142° 44': P«> • Poo (basal) = 132 0, iPoo : iP« = 96° 38'. The crystals 
often oxhibt the simple form P (like Jii?. 260, ii. 144) , often also oP . P, tabular from 
predominance of oP, ond with the above-mentioned brachydiagonal domes subordinate. 
They have a specifle gravity of 2-163, melt at 197° ; and the fused salt soUdifles on 
Cooling in large monoclmio crystals, very much like those of felspar The salt is 
thuiofore dimorphous. At higher temperatures it gives off water and afterwards 
sulphuric anhydride, leaving the neutral salt. It is decomposed by alcohol and by a 
large quantity of water into snlpbm-io acid and neutral potassio sulphate It la 
often used in mineral analysis, especially for the decomposition by fusion of aluminous 
minerals, and of mobio and buitalie compounds. 

Hydro-dipotmslc sulphate, K^H"'(SO*)'' - 2K2aObHW (sesquisulphate of potash), 
crystallises from a solution of the neutral sulphate in dilute sulphuric acid, together with 
the preceding salt, in asbestos-hke threads (Phillips. Phil. Mag i, 429). Jaequelain 
succeeded only once in preparing this salt. 

Hydro-in poiasno sulphate, K“lI(SO^)®, or 311*80' IPSO*, is produced, according to 
Murignae (Jahresb 1866, p. 320), by dissolving hydromonopotasaio sulphate in 
excess of water, coiieentratiug the solution by heat, tiU it yields a small quantity of 
crystals on cooling, then concentrating the mother-liquor again, and leaving it to 
crystallise, and so on. 'Mio solution then deposits, first the neutral sulphate, afterwards 
the liydrotoputassic, and finally the hydromonopotassic salt. Tlie hydrotnpotassic 
salt foims six-eided tables or acute i-hombohedrous, both belonging to the monoeUnio 
system. 

y Anhydrosulphate, K*S''0* = K*SO'.SO“ ~ K=0.2S0'' fanhydroue bisulphate 
of potash), IS formed, accoi-Jiiig to .Tacqueloin (Ann Gh Phys [2] Ixk 311) by 
dissolving 1 at. of the neutral salt iiiul U at. sulphnne acid in water, and leaving tho 
solution to evaporate , also when tlie neiiti-nl salt is heated in a platinum-crucible with 
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half its weight of sulphuric acid, till that acid la no longer given off at a commencing 
red heat. It oryatallises m prismatic needlea, of speeilio gravity 2 277, which melt at 
210° These crystals, when left immersed in water for several days, gradually 
disappear, and the solution yields large crystals of hydromonopotassic siilphate The 
unhycbosulphate dissolves very easily in hot water, and cirstallises unaltered on 
cooling, but IS decomposed by a quantity of water larger than diat required to dissolve 
it. 

5 Boubln Salts — Sodm-iripoiassic sidphate, K“lfa(SO'")“, technically called yi/aita- 
sulphate qf potash, and formerly regarded as neutral sulphate of potasainm, is 
deposited, on cooling, from the aqueous extract of kelp, when this liquid is concen- 
trated to commeueing crystallisation, and is obtained in cakes of greater thickness, 
by repeatedly pouring fresh quantities of warm saturated liquor on the separated 
salt. Its crystaUisation, especially when the temperature of the liquid has sunk 
to 38°, 13 accompanied by vivid flashes of light, which may he mcreased by triturating 
the separated salt under the liquid, or hjy brealdng the saline crusts formed on the 
surface, touching the warm saturated bqiiid with a crystalline muss already cooled, kc. 
OnreoryBtolhBingit, however, no light IB emitted (Penny, Phil Mag x 401, Jivhrosb 
1856, p 332) A solution of 1 at Na^SO* and 8 at. K*SO‘ first deposits crystals of 
pure potassio sulphate, and afterwards crystals of the double salt (v. Hauer, Jahresb 
1860, p. 117). The crystals of this salt belong to the hexagonal system, exhibitmg 
the tabular combination oE, B, or prismatic mE . oE . +E . — B (likejfpr 240, ii. 
139). PorE, the length of the principal axis is 1284 Angle E • E (terminal) =. 
88° 13' , for the pyramid composed of + E and - E, angle E E (terminal) = 131° 2' , 
(basal) = 112° O'. (Mitsoherlioh, Pogg. Ann. Iviii 468, v. Hauer, J. pr. 
Chem. Ixxxni. 358 ; Jahresb. 1861, p. 170,— Kopp’a Krysidlographie, 2te Aufl. 1862, 
p 218.) 

Sodio-pentapotassio sulphate, K*Nn(SO^)*, is produced, according to (3-lads tone, 
(Ohom Soc ftu. J. vi 106), by fusing the neutral or acid sulphate of potassium with 
common salt, or the neutral sulphate with sulphate of sodium. It crystallises from 
the hot solution in six-sided prisms with pyramidal summits. 

Stroniw-potasste sulphate, ?ii"K\SO*Y, separates, according to H Eose, m microscopic 
prisms, from a solution of tlio strontiiim-solt mixed with excess of neutral potossio 
sulphate. 

Sulphate of Rhodium, S.MSO<)' = Eh°0'' 3SO*, is prepared by dissolving pre- 
cipitated rhodium-sulphide m fuming nitne acid It is a brown powder, soluble with 
red ooloui' in water. (Berzelius) 

Futassio-ihodtc sulphate is formed, according to Berzelius, when finely-dindod 
rhodium is heated to low redness with acid sulphate of poUssium The cooled, mass 
IS yellow, or rareljr rose-coloured, and dissolves in water, forming a yellow aoliition, 
from which alkalis and siilphydrie acid tlu’ow down only part of the rhodium. — 
Another potassio-i'hodio sulphate, pruliubly Eh"'K(SO')’, is obtained by treating potus- 
sio-rhodio chloride with sulphurous acid, and sopai-ates from the solution as a white 
powder, nearly insoluble m water, and only slightly soluble in sulphuric acid 

Sulphates of Buhldlum.— The anhydrosulphade, Eb’S'^O’ = Eb’SO' SO*, melts, 
like the corresponding potassiiim-salt, at eomnieiidng redness, and when moio strongly 
heated, gives off sulphune anhjdride, nud is converted into the neutral salt Eb'SO''. 
The l.attei separates from aqueous solution in large, hard, vitreous crystals, isomor- 
phous -with sulphate of potassium, and exhibiting the eombinatiou E , 2Peo . Axes, 
a - h 0 == 0 6723 ■ 1 ; 0'7622. Anglo P • P (brach ) = 131° C' , P P (inner.) ,= 
87° 8' ; P ■ P (basal) = 113° 6' , coP • coP (macr ) = 73° 64' , »P2 ovP2 (ni.ici ) = 
112° 16' , Po3 Poa (basal) = 69° 34' The crystals are anhydrous, permanent in the 
aor, decrepitate and become opaque when heated 

Sulphate of rubidium forms, with sulphate of aluminium, an alum containing 
Ar'Eb(SO*)* 12H'0, and with the sulphates of niclal, cohi/lt, magnesivm, &c , hex- 
hydrated double salts, isomorphoiis witli the corijosponduig potassium-compounds. 
(Kirchhoff and Bunsen, Pogg Ann. cxv. 684 , Jahresb 1861, p. 177.) 

Sulphate of Ruthenium, En''(SO^)* = EnO* 2SO'* is obtained by the action of 
nitric acid on the sulphide of ruthenium precipitated from tho trichloride by sulpbydi-ic 
acid It forms an orange-yellow solution, which, when evaporated to diynesa, loaves 
a yellow-brown, amorphous, deliquescent mass, having a sour astringi nt taste Tho 
fiuely-dmded dry powder resembles mosaic gold Tho aqueous solution yields a 
yellow-brown precipitate with alkalis only on heating, and is coloured blue by sulphy- 
drioacid. (Olaus.) 

Sulphate of Silver, Ag*80< »= Ag*O.SO* Si/wr-nit™?.— This salt is produced 
Voi. Y EE 
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either by dissolying silrar in boiling aulphurio acid, or by precipitating a solution of 
the nitrate with sulphate of sodium. It is a -white inodorous powder, having a 
diaagi-eeable metallic taste, melts at a rather low temperature, and decomposes at a 
higher temporatm-e, leaving metiilhe silver. When exposed to light, it gradut Jly turns 
green. It dissolves in 200 pts. of cold and 88 pts of boding water, and crystallises on 
cooling in anhydrous shining oeodles. According to Mitscherheii, the best ciystals are 
obtained by slow evaporation of a solution of tho salt in nitric acid. They are trimo- 
tric and isomorphoiis with anhydrous sulphate of sodium, oxbibiting the combina- 
tion P . i P Axes, a i-c-0'4614 1 0 8078. Angle P P(braoh) 

= 1S6“ 20' , P • P (moor.) >= 72° 32' ; P . P (basal) = 125° 11' Oleavnga parallel 
to P and »Pot) . 

A MlpItato-sidpUde of silver is formed by digesting tbe sulphide with uitrio acid, 
as a brown-yeUow powder, which when boded with excess of nitric acid, is completely 
converted into sulphate. Boding water dissolves out the sulphate of sdver and leaves 
the sulphide. (Berzelius ) 

. s , r j - ,j- , - - - (J7H"Ag)®SO*, is formed by saturating the dry sul- 
j I ■ I ■ ■). Mitscherlich obtained tho compound Ag^SO^lNH" 

>. . ■■ ■ _ ' isflolving recently precipitated argentic sulphate lu 

warm strong ammonia- it separated on ooohng in culourless crystals, tolerably perma- 
nent in tbe air. 

Silver-aJum, Al'"Ag(S0‘)M2H*0, has already been described — A basic argentofmio 
sulglmte, 18(2Ag'0 SO’) (2Fe*0’ SO’), is obtained, according to Lavini, by leaving a solu- 
tion of argentic and ferric sulphates for some time in a closed vessel, and separates in 
rust-brown orystalhne crusts, soluble in 100 pts. of water. 

gulpUates of Sodium.— a TtioNormal ox Neutral Salt, STa’SO* = Na’O.SO®. 
(rlauber's Salt Sal mtrdbile Qlauhen. Natnm eulphunoum cmstalhsatum, — 'This 
salt was discovered and described in 1668 by Glauber, who prepai'ed it from the residue 
obtained in the preparation of hydrochlone acid from common salt and sulphuric acid. 
It occurs ratherabundantly in nature, aitherauhydrous, as Thlnardtte, oiystaUisedin right 
rliojnbio prisms, or with 10 at. water, as Glauber’s salt, in monochuio prisms. 'Thinardite 
18 found at Tarapaea in Peru, and at Eapartinas near Madrid. Glauber’s salt occurs m 
crystals, or more frequently m efflorescent crusts, at Isohl aud Hallstadt in Austria , 
also in flungary, Switzerland, Italy, &c. ; it is abundantljr deposited at the hot springs 
of Karlsbad, in large quantity also in a cavern in Hawaii, being formed by the action 
of voleaino heat and gases on salt-water , and effloresces -with other salts in the lime- 
stone below the Genesee Palls, Eocbester, Now York , also near the Sweetwater river, 
Eocky Mountains. It occurs more abundantly in combination with calcic sulphate, 
as ghvhenie ox brongmartin (ii. 846). Sulphate of sodium is also a constituent of sea- 
water and of most brine springs, and exists in large quantity in many salt lakes of 
Eussia, and in many mmeral waters, as those of Karlsbad and Pdllna 
Ftg. 706 



Sulphate of sodium is prepared in enormous quantities by the action of sulphuric 
acid on common salt as a preliminary stop m the manufacture of carbonate of sodium. 
The operation is porfoimed in a reverberatory furnace connected with an appiu’utus for 
“id. One of tho best forms of furnace is represented in 
fg 796, tJio amugement of the flues being, however, somewhat different. 

Ay the Bmallei: of tho two coinpiu'fnicmtfe w hich eomposo tlio furnace, ia of cast iron ; 
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In this (tJiB dccom'poser) from 5 to 6 cwt of common salt is introduced, and an equal 
•weight of sulphuric acid (of apeeiflc gra-nty 1 6) is gradually mixed -mth it, a gentle heat 
being applied to the outside , enormous volumes of hydrochloric acid arc disengaged, 
and pass off by the flue d, to the condensing towers E and F. These towers are filled 
•with fragments of coke or stone, over which a continuous stream of water is caused to 
trickle slowly from li h. A steady current of air is drawn through the furnace and 
eondeiibing towers, by connectmg the first tower with the second, os shown at g, 
and tlie second to-wer with the mam chimney (El of the works In the first bed of the 
furnace, about half the chlorine is expelled as hydrochloric acid from the common salt, 
and the pasty mass thence resulting is pushed through a door into the roaster, or 
second division (B) of the furnace. In this state it consists of a mixture of acid sodic 
sulphate and imdecomposed sodic chloride; 

2NaGl + ffSO' =. NaOl + NaHSO* + HOI. 

In the second stage, a higher temperature is required, tlie acid sulphate then roaoting 
on tlie unchauged chloride, m such a manner as to convert the whole of the sodium into 
nomal sulphate ; 

Had + NaHSO' = HOI + Na'SOh 

The fused sulphate of sodium thus obtained is called salt-cake. The hydrochloric 
acid gas, as it is liberated from B, passes through the flue d, and is carried on to the 
condensing towers. Heat is apphed to the outside of the roaster B , the smoke and 
products of combustion circulate in separate flues round the chamber, in the clirootion. 
indicated by the arrows, hut never come into contact with the salt-cake in B. (Miller 's 
Elmmits of Chmisiry, 3rd edition, part li. p. 420 ) 

For further details, see Eichardson and watts’s Ghcimcal Teohnology, vol. i. part in. 
pp. 204—215, and part v pp 236—244. 

Sulphate of sodium is like-wise obtained as a residue lu many chemical operations 
as (a) in ths preparation of nitric acid with aulphru'ic acid and Chile saltpetre j (li) ot, 
sal-ammoniac from sulphate of ammonium and chloride of sodium ; (o) of Magnesia 
olid from sulphate of mugnesmm and carbonate of sodium — (d) Considerable quantities 
are also obtained from the panstone and raother-liquons in the pieparation of common 
salt from sea-water and salt-springs (p. 333) The pnnsluno, •winch often consists 
mainly of a mixtui’S of common salt and anhyiions calcio-sodic sulphate, is lixiviated 
with water, winch dissolves out the sulphate of sodium, the non-satimated solutions 
aie pom'ed upon fresh panstone, and the saturated solutions into large reconers, in 
which the sulphiito of sodium crystallises out in winter. From the mother-liquor of 
hnne-springs and of sea-water, sulphate of sodium is separated by fractional eiystal- 
lisation, the liquor being exposed during winter to a freezing temperature The sulphate 
of sodiimi partly exists in these mother-liquors ready-formed, and is partly produced by 
thomutual action of the magnesic sulphate and sodio ehlorido contained in them, so that 
the mother-liquor left afterthe separation of the sodic sulphate contains chiefly chloride 
of mugnesnim. The crude salt is dissolved in water at 33°, and separates from the solu- 
tion on cooling in large tolerably pure crystals (Eichardson and AVatts’s 0/iemieal 
Technologg, vol. i part in. pp. 167, 646 ). — e By the decomposition of ferrous sulphate 
with chloride of sodmin, a mixture of these two salts deposi hug sulphate of sodium 
when exposed to a wmter temperature It may also he formed by he.iting iron-pyiitea 
or green -vitriol with common salt in a reverberatory fmuiace, hydroehlorio acid then 
going off, and the iron being partly volatilised as chloride, partly remaining in the form 
of ferric oxide. At Fnhlun, in Sweden, Slanber’s salt is obtained from the minc- 
wator, aud from the mother-liquor of given vitriol, by mixing these liquids with tliu 
requisite quantity of common salt, evaporating to dryness, igniting, aud dissolving the 
residue in hot water. 

Sulphate of sodium la obtained, as an anbydrous mass, by leaving ordmaiy GlautuT's 
salt (the decabydrato) to effloresce, or by heating it to redness, and in anbydrous 
crystals by heating a solution saturated at 33° to 40°, somedegiees luaher, according 
to Mitschorlicb, it separates oven at 40° These crystals, winch have the same foim as 
thinarilite, are rhombic octahedrons ismorphous with sulphate of silver, and with the sele- 
nates of sodium and silver, and exhibit the combination P . 3 F ooP oaJ’oo . Axes 
a.b-o = 0 4734 1 • 0 8005. Angle P P (hrach ) =‘ 135° 41', P P (miicr ) 

= 74° 18'; P P (basal) = 123’43° Cleavage parallel to P and uoj^oe. The salt 
melts at a strong red heat to a thin liquid, and solidifles on cooling to a transparent 
crystalline mass Specific gravity of Hie crystals = 2 73 (Cordier), 2-646 (Thoiii- 
Bon), of the solid fused salt = 2 693 (Karsten , Schroder) ]3y ignition with 
charcoal, it is converted into raonosnlphide of sodium 

Sulphate of sodi ' ” " ’ ' n at ordinary temperatiues, in largo, 

coloui-less, striated, Na^SOAlOH'O, and isomorplious with 
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chromate and (.elcnate of sodiiim containing correspondine quantities of Trater Axes 
n; 6; 0 = 0-8962 • 1 • 1-109 Anglo i -. a -= 72° 16', t»P • mP (orthod.) » 

93° 29', rPool , r?®! (dinod.) = 80° 38'; f2P«>] , [2P«>] (dinod.) = 45° 68', 

+ PCO 0 = -19° 50': 0 = 76° 19', - |P . « = 47° B8' , oP - »P = 

77° 66', The ordiwiry oomhiuation is «P . «P<« . oP . [P®]. -i-P. +P<». The 
ci-ystols are almost, always prismatically elongated in the direction of the orthodiagonal, 
and oleare very distmetiy parallel to ooPoo They efflou-sea i-eadily on expostu-e to 
the air, molt in their water of crystallisation at 33°, and give off the whole of it 
helow 100°. 

Tho salt has a hitter and cooling taste, and is used as a purgative 100 pts of 
water dissolve 12 pta of it at 0° , 48 pts. at 18° ; 100 pts. at -26° ; 322 6 pts. at 33° , 
263 pts. at 50° (Gay-Lussac), and 214 pts at 100° (Braudes and Pirnhahei-). 
Hence it appears that there is a maximum of soluhility at .shout 34° 

When a solution saturated at the point of greatest solubility is left to cool ina closed 
vessel and at perfect rest, it remains supersaturated at ordinary temperatures, and does 
not crystallise , but on agitating it in contact with the air, or dropping a crystal of the 
salt into it, tha whole solidifles, with rise of temporaturo, to a mass of crystals of ordi- 
nary Glauber’s salt. If, however, tlie supersaturated solution be cooled below 12°, 
without agitation, ciysUls are sometimes formed containing 7 at, WtUter and much 
harder than the deeabydrated crystals. If now the tempei-atui-e ha again raised above 
1 6°, or the crystals touched, they become milk-white, and are converted, -with consider- 
able rise of temperature, into a mixture of the anhydrous and the deeabydrated salt. 
(Ziz; Paraday; Lowel.) 

The huptahydrated ealt, Na®SO<J7H®0,eryataUieea in rhomhio prisms, «P. cofs, 
cof CO, terminated by the faces, P co , ^P oo Axes o ; 5 ; o = 0 966 -.1,0 986. 
coP; ooP(m8cr) = 87° 20'. coPS . oof 3 - 36° 18', Poo ; P» (hasal) = 88°0'; 
p!a-iPoo(bii8.a) = 83° 40' 

According to Lowel (Ann Ch. Pliye [3], xlix. 32; jAhresb. 1866, p 321), sul- 
phate of sodium may exist in solution in three different states — viz., os anhydrous salt, 
or as tha ordinary aecahydr.ito, or ns the heptahydrate. When the ordinary deoahy- 
dratod crystals are melted in theu- -water of crystaliisation, then heated till the liquid 
boils, and the vessel immediately closed, a crystalline powder of tha anhydrems salt is 
deposited. If the liqmd be frequently agitated as it cools, the anhydrous salt dissolves 
more andmoro, till tho temperature has fallen to 18°. On further cooling, crystals of 
the salt Nb®S 0‘.7H'O are deposited on the stdl undissolved residue, and helow 18°, 
tha anhydrous salt is gradually but completely converted into the heptahydrate The 
solutions of the anhydrous sulphate remain as such at ordinary temperatures only in 
closed vessels ; in contact -with tho air, or a crystal of Glauber’s salt, they immediately 
deposit crystals of the deeabydrated salt Tha solubility of the anhydrous salt 
diminishes as the temperature rises ; but tliat of tha ordinary decidiydrate increases 
up to about 34°, at -which temperature it is converted into the anhydrous salt. At 
34°, the deeabydrated crystals gradually melt in their water of oi-ystallisation, As 
long ns the saturated liquid remains in contact with a Itir^a excess of the unaltered 
crystals, it retains an amount of salt corresponding to that in a solution of the deca 
liydi'at«dsaltsaturatedat34°— thatistosny, 65pts ofanhydroiiasaltto 100 pts water 
If, howeier, the fusion be continued flirtlioi-, the anhydrous salt begins to eopai-ate, 
and when all the crystals are fused, the solution ultimately contains 49-53 pts of 
anhydrous salt to 100 pts. water, an amount corresponding to that of a solution of the 
anhydrous suit saturated At 34° Hence the apparent m.aximum m the solubihly of 
sodic sulphate at 3-t°, arises from the fact that the salt, under ordinary oii-oumstances, 
dissolves in water up to the temperature of 34°, as Na^SO* lOH^O, tlie solubility of 
whieb increases with the tempemtiire ; but above 34°, it dissolves as anhydrous salt, 
Uie solubility of which dirainielios ns the temporatui-e rises up to 103-7°, tho boiling- 
point of the saturated aolntion. (Lowel ) 

Saturated solutions of the saltHa°SO',7ffO are obtained, for higher temperahii-ps, 
hy removing, At a lower temperature, a portion of tho inothor-liqiior which covers the 
ory.stals, and then w.u-ming the crystals with the rest of the liquid 'ViTien a liquid 
cimtAining an excess of thociystals of this heptahydrate is heated to 27°, these cryst, Us 
behave just like those of the deeahydrate at 34°— that is to say, they melt, and the 
liquid deposits the Anhydrous salt. (Ld-wel ) 

'The tollowiiig table exhibits tlie variations of solubility of anhydrous sodic sulphate, 
niid of the two hydrates , in tho two latter cases, also, the quantity of anhydroiis salt 
equivdlent to the hydrated salt dissolved at each temperature is given ; — 
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Quantities of Bodw osulphaie dissolved in 100 pis. of Water in the stale of Saturated 
Solution 



A solution (saturatod at 15°) In alcohol of • 


I ^ Contains per cent of 

Speciac gravity. Far cont by weight. Na^bOMOH'O. 

1 000 . . • . 0 26-6 

0-976 ... 10 1436 

0 972 .... 20 6 6 


0 989 .... 40 1 3 

Alooliol pi'eoipitatea it from, tto cold uqueous solution. — [On the soluhility of eodia 
sulphate in various hqnids, see further, Storer’s Ihotumary of SoUdnhttes, m. 623 — 
628.] 

Strong hydroohlonc acid poured upon crystallised Glauher’s salt, produces consider 
able depression of temperature. 

$ Aeid Sulphates ■'f ’ suTpAafc, NaHSO< or Na'SO* 

H^SO', commonly called . obtained, in large transparent 

triclinio crystals, by dissolving equivalent quantities of the neutral sulphate and 
eulphurie acid in water, and evaporating by heat. Prom a solution saturated at tho 
boiling heat, it separates on cooling in oblique rhombic prisms containing 2 at, water, 
according to Mitscherlich, 8 at. according to Wittstein. The crystals, when exposed 
to the air, gradiiallly, absorb water without di-hquescmg, and aro resolved into tho 
neutral salt and free sidphurie acid. Tho same decomposition takes places on dissolving 
them m 4 pts. of hot water or pouring alcohol upon them. 

Hydro-tnsodw sulphate. Ka’H(SO‘')’, is obtained, according to Mitsoherlieh, when 
the neutral sulphate is treated with half the quantity of sulphuric acid reqiurcd tO' 
convert it into the preceding salts ; it erystalhses by evaporation in boantiM obhquo 
liiombie prisms. H Eose always obtained it from a solution of hydromonosodio 
sulphate, and in one preparation it was deposited in small crystals with a somowhat 
diifertnt amount of water. Its aqueous solution always yields crystals of neutral aodio 
sulphate with 24 at. water (H Eose). Mitschralieh sometimes also obtained crystals 
containing Na'ff(SO^)^. 

The anhyirosulphate, bra*S®0^ = Na’SOhSO® .= Na’0.9SO®, or anhydrous bmd- 
phaie of soda, is obtained by covering 1 at. of the dry neutral sulphate with I at , 
sulphuric acid, and heating tdl tho mass fuses tranquilly at a low red heat. When 
heated to full redness, it gives ofl' sulphuric anhydride (p, 569). 

Sulphate of Strontium, Sr"SO* = SrO SO’, occurs native as coelestin, 
sometimes m large trimehic eryslals, sometimes sparry orfibrous (i. 1069.) Maurosa, 
by fusing sulphate of potassium with excess of chloride of strontium, obtained sulplmtu 
of strontium in ciystals having the form and specific gravity of emlestin. By procipi- 
tating a soluble stroiitinm-salt with sulphuric acid, it is obtained as a white powder 
which, according to Frosenius, is soluble in 6,896 pts. of cold and 9,638 pts. of boiling 
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water, liut much loss sohihlo in water containing hydrochloric or anlphnric acid, of 
■wlucli It requires 11,800 parts The aqueous wiliition is used as a reagent for distm- 
guisliing huriuni from strontium (p -ISO) According to H Rose, sulphate of strontium 
dissolves very perceptibly in hydrochloric acid at ordinary temperatures. Water 
contaniing common salt (IissoItob it slowly but completely, Virck (Chem Centr. 
1862, p. 402) has determined the solnhihty of sulphate of strontium in certain saluie 
solutions with the fuRouing results — 



Quantity of SrSO* 

Quantity of salt In 

Quantity of SrSO^ 


dibsolved. 

bolutlon. 

dissolved 

KaCl 22 17 

0-1811 

MgCP 13-63 

0-2419 

„ 16-64 

0 2186 

„ 4 03 

0 2057 

„ 8 44 

0 16.53 

„ 169 

CaCP 33 70 

0 1986 

KCl 18 08 

0 2513 

0 1700 

„ V> 64 

0-1933 

„ 16-61 

0-1853 

„ 8-22 

01928 

„ ‘ 8 67 

0 1768 


Sulphate of strontium melts to a vitreous mass at n strong red heat, and is reduced 
ou charcoal before the blowpipe to sulpiiide of strontium. With au equivalent 
quantity of sodie carbonate, it forms au easily fusible mass, which, on cooling, becomes 
opaque, and him muthcr-of-pearl. 

Sulphate of TeUiurlum, To*'(SO')® = TeO’ 2SO'' ? — ^Vlicn pulverised tellurium 
is tuturated to a thm jiaste witli strong sulpburio acid, and the muss gently heutod, it 
assumes a tine purple-rcd colour, arising, docording to Magnus, from the solution of the 
tellurium ns such, and not in the oxidised state. The purple colour lemains as long as 
there is any liquid loft, whilst the undissolved portion or the tellui'iiim becomes oxi- 
dised at the expense of the sulphuric acid, and disappears as suou as all the acid is 
decomposed, the whole being then converted into a white mass. If tins mass be gently 
heated till the excess of acid is just diiven off, there romaiua a white, e.irthy, amorphous 
'•ubstiinco, which produces a sense of dryness on the tongue, and after awliiloametaUio 
taste. WBeu boated it molts, gives off sulptmrie anhydride, and leaves a yellow liquid, 
winch sohdiflos on cooling to a traiispimeiit vitreuim mass, consisting of a basic salt, 
winch, when heated in an open crucible, gives off its sulpliurio acid, and leaves opaque 
telluroiis cxidn. Sulphate of tellurium dissolves in wurm hydrochloric or nitric acid, 
and crystallises therefrom in m.iniilos on coohiig Water decomposes it, dissolving 
out sulphmic acid with a .smiul quantity of tollmaum, and souiratiiig tellurous oxide 
(Magnus, Pogg, Ann. s. 491), See further Gm elm's HandbooX, iv 406. 

Sulphate ofTefhtum, 3Tb"SO-' 8H’0, is isoniorphous with sulphate ofdidymuira 
(Dolafoutaino, Jnhrcsb. 1861, p 198, 1866, p 179). According to Mosander, it 
efilorpsces at 66°; Delafoiitnmo, however, only once observed an imperlectly ei'ystallised 
Bpcciniea to effloresce completely at ordinary temperatures (See TEnnroji.) 

Sulphates of Thallium. — a. ThaUiouf mlfhate, TRSO'' = Tl-0 SO’, is obtained 
by evaporating a Buhition of the chloride or nitrate with atdpUuric acid (Lamy), or 
hy heating metallic tlmlUiim with anlphnric acid (Crooltea). It is soluble lu 21 1 pts. 
of water at 18° and m 6 4 pts. at 100° (Croulces), and crystallises fium tbe solution 
in anhydrous vhonihio prisiM, isomorphous with sttiplnus ofpotaEsmtn, and axbihiting 
tho combination oopco , »r2 . coP ooRco , P f » , the crystals are prismatically 
elongated in the direction of the principal axis, and tho faces ooR co greatly predominate 
(v Lung, Phil Mag [t]xxv, 348), In presence of sulphate of ammonium, it separates 
111 long stii.itcd crysUls resembling sulphocyanate of potassium (Crookes, Chem 
News, vm. 243 ) 

Thaliious Bulpbato forma, with sulphate of aluminium, the salt, T1A1"'(S0')M2H’0, 
isomorphoiiB with common alum (Lamy) , and with the sulphates of magnesium, nickel, 
&c, double salts conboning 6 at water, and isomorphous with potasslo-mngnesic 
suiphato, &c (G. Werthor.BiiU Soc Ghim. [2] 11.272, Jahresb, 1881, p 248) — 
,, The iiicXcf-. Jl, TPNi'ISO’)® OK'O, separates from a solution containing a slight excess 
ot nicket-MiI]4iate, in green prisms, which are permiment in the air, giro off their water 
at 12 ( 1 °, and decompose at ared boat. —The /«rmis sflif,TPFe'\SO’)'‘ 6H"-0, obtained in 
like manner, is pale-green . the zinc-sntt, TPZn"(SO<)b6lPO, is colomless, and baa a 
gUssy lustre , the mngnesium-salt, TPMg"i SO’T-.eH^O, resembles it, but is more 
Bolublo 

fl Thai he sulphate, iPP(SO^)* 7H^O-=TRO* 3S0’.7H®0, separates by evaporation 
from a solution of thalhc oxide in dilntc sulphnric acid, in thin colourless lamimc, winch 
ate decomposed by water, even in the cold, with separation of brown thalhc oxide. It 
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giVes off 6 at water at 220°, and is reduced at a stronger heat to thallious sulphate. 

(, Streeter, Ann Ch Pharm, cxxxv 207) 

According to IViUni (Ann. Ch Phys [4) ix 6; Jahresh. 1866, 263), a solution of 

tliallio oxide in moderately concentrated sulphuric acid, p^ared with aid of heat, first 
deposits slender needles of the basic salt, TPO’ 2S0®.6H?0 , afterwards a tJudloso- 
ihdlu: sulphate, in transparent prismatic crystals, together with an amorphous pulyoru- 
lont salt containing T1-0’.2S0“ 3H“0. A solution of, thallious sulphate heated with 
llano or plumbic peroxide 'and sulphurie acid, then filtered and concentrated by evapo- 
ration, deposits crystals of anhydrous thallic sulphate, TPO°.3SO^ (Willm ) 

Potaesw-thalho sulphate, 5M“K*(S0*)“ = fP(SOY.2K“SO^ separates, on mixing a 
solution of the preceding salt with a strong solntion of potnssic snlphate, as a hard, 
colourless, crystalline crust, which is coloured brown on the surface by water, and is 
hut slightly soluble in dilute snlphurie acid — Sodio-thaitic sulphate, Tl"N'a(SO^)^, is 
formed in like manner, and separates in colourless needles. (Strecker.) 

Sulphate of Thorluum, Th"90* = ThO 30’.*— Obtained as a white powder 
by dissolving thorina in strong sulphuric acid and expelling the excess of acid by • 
ovaporatKin (Berzelius) Delafontaina (N. Arch. Ph Nat xviii 343 , Jahresh. 
1863, p. 127) prepares it by mixing finely pulverised thorite or oraugile with strong 
Bulphuiic acid to a semi-fluid pafe (the inasa becoming strongly heated, and part 
of the excess of acid volatihsing), and heating the residue to 400° — 600°, as long as 
acid fumes are evolved , then gradually introducing the dry and cooled mass into cold 
water, with constant staring, and heating the filtered solution to 100° The sulphate 
of thorinum then separates, and may he purified by repeated solution m cold water 
and precipitation by heat. 

Sulphate of thoriminl thus obtained is a heavy wlute curdy precipitate, made up of 
interlaced needles, and consisting, according to Pelafontaine, of 4Th"SO'‘ 9H’0. By 
slow evaporation of an aqueous solution at ordinary temperatures (10° — 16°), a salt 
separates containing double this amount of water, viz 2Th"SO^ 9H’0 (Delafon- 
taine, Chydonius, Pogg Ann. cxix. 48, Jahi'csb 1863, p 196). Berzelius, by 
spontaneous evaporation of a solution containing a little tree sudphuric acid, obtained a 
hydrate eontainiug 6 at water, 3 at. of which were given off at a somewhat higher tem- 
perature, leaving the salt Th"S0^ 2H’0, which also separated from the solution on 
evaporation at higher temperatimes These two hydrates were probably the same as 
those above mentumod, containing 4J and 2| at. water. 

The hydrate, 2Th"SO< 9H.’0, crystallises, according to Chydenius, in translucent, 
efflorescent, monoohnic prisms, exhibiting thecombination osP . [Poo ] coPoo [ ooPoo ] 
oP Axes, a 6 0 = 1 0'6981 • 0 6884. Anglo 6 o =■ 31° 60', ooP. ooP (olinod ) 
= 118° 60' , [Pte] , [P»] (over the pole) = 149° 26' Delafontaine, by leaving the 
salt precipitated from a hot solution, in coutaet with a quantity of water not sufficient 
to dissolve it, obtained six or eight-sided, pointed, monoclinie crystals, the composition of 
which IS not stated, hut which, according to Marignac’s determinatious, exhibit' the 
same faces as those just described, with addition of [6P oo] and [8P«i ] and nearly 
the same value of the angle ooP . eoP, viz 119° O' , also oP S osPeo = 98° 20' ; ooP • 
oP = 97° 6', [P®] . oP= 124°28', [6P®] . oP - 96° 27’, [®P®]:oP = 94° 61’. 
Hence they were probably also 2Th''S0^9H’0. 

A shghtly acidulated aqueous solution of sulphate of thormum yields, when boiled, 
a flocculent precipitate which rodissolves on cooling, and contains 2Th'SO‘3H’0, or 
from somewhat dilute solutions, 2Th''SO'.H’0. Tho solution, evaporated at 26°,yidds, 
without formation of crystals, a white sahno mass consisting of Th"SO'' H’O, Tho 
4 J-hydrated salt gives up half its water at 1 00°, and the rest at a otronger heat (at 400° 
to 460°, according to Delafontaino). The anhydrous salt hissos when dissolved in 
water (Chydenius). -The salt is insoluble in alcohol, and gives off oil its acid at a 
red heat (Berzelius). — A basic salt is obtained on adding ammonia to the solution of 
tho neutral salt as long as any precipitate is formed 

Potassm-tAomw sttjplate, Th"K’(S0<)’.H=O = Th"SO’.K’SO‘ H’O, separates, 
according to Berzelius, as a crystalline powder, when a crust of potassic sulphate is 
suspended in a solution of thorinic sulphate It is easily soluble in water, insoluble in 
alcohol and in sulphate of potassium Prom a boiling aqueous solution, it ciystallises 
on cooling in rectangular prisms, which give off their water at a gentle heat, liut with- 
out disintegrating (B erzali us). According to Chydenius, the salt, Th”K*(SO’)’.H'0, 
separates in slender crystals when solid sulphate of potassium is immersed in a solu- 
tion of thonnic sulphate at 60° — 70°. 

Sulphates of Tin. — Stannic sulphate, Sn'’(SO’)’ = Sn'^^O’ 230’, is formed by 
dissolving stannic hydrate in sulphuric acid, or by heating tin with excess of the acid. 
It forms an acid uncrystallisable syrup 
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Stannovs hulphatc, Sn'SQ-' = Sn"O.SO“, is oMaiupd, by boating an excess of tm 
i\ ith euncenti-ttted or slightly diluted sulphuric acid, as a aalins mass, -which dissolves 
« 11 h biwn colour in boding TVatop, .ind separates in ncodle-shapod oiystals on cool- 
ing ; ,dsu in uucreous lamiiinr crystals, by dissoWiig stannous hydrate in warm dilute 
sulplmric acid ; and ns a crystalline precipitate, by adding sulphuric acid to a coneen- 
truted solution of stannous chloride. The anhydrous salt is obtained by distilling 
slaiiiious sulpliido with mercuric oxide It bears a red heat -without docompositiou, 
-uliemis the hydrated salt when ignited leaves a residue of' stannic oxide. Staiinous 
sulplialo dissolves very easily in water, but the solution, after some time, deposits a 
white b.i3ic salt. 

Fotamo-iiamtovs sulphate separates, on mixing a solution of stannous sulphate with 
sulphate of potassium in fine silky needles, containing Sn*lI“(SO*)^ or Sn"II*(SO*)"‘ 
(Marignac). A mixture of hot concentrated solntioiis of sbiunoiis chloride and 
sidphnto of potassium, deposits the compound 4Sii"K-^(SO‘)'-Sn"Cl’, in small, 
slumiig, hexagonal crystals, which may be recrystalhscd -ivitliout decomposition. 
•(Marignac) 

Sulpbates of Titontutn Titanic sulphate, Ti''(SO')'' =. Td’Oh'JSO®, is pre- 

pared by digesting finely pulverised titanic oxide -with sulphuric acid diluted ivith half 
us weight of water till aU the water is dnvon off. On expelling tlio excess of acid by 
a stronger heat, titanic sulphate remains as a saline mass, which dissolves completely 
in lukewarm w.atoi', the dilated solution, however, deposits titanic oxide when boiled 
(H. Rose) Irom a solution of acid potassic titaiiate in hydrochloric acid, sulpliurio 
acid throws do-wn a compound consisting of 9TiO®SO*9H®0 (H Bose) — Potassiu- 
titanie sulphate, Ti''’K\30'f, is ohtamoS, according to Warren (Jabresb ISj?, p 
175), 111 small spiu'ingly soluble crystals, by fusing titanic oxide with acid aulplidte 
of potassium, digesting the resulting vitreous mass with strong sulphuric acid, expelling 
the greater pint of the latter by a gentle heat, and dissolving out the excess of acid 
potassic sulphate -with -water. 

Tiinnoua sulphate, Ti'O’ 3SO^ according to Ehelmen, is formed by dissol-ving tri- 
clilbride of titanium in sulpliimc acid, and separates on evaporating the solution in a 
vacuum over lime, in violet, dahquescent, crystalline musses. Its solution, -wheu boiled, 
deposits titanic oxide. 

Sulphate of Tungsten separates, on dropping a solution of alkaline tungst.ito 
into dilute sulpbmuc acid, as a heavy wliite precipitate, soluble in pure water 

Sulphates of Vranium.— Jfiaine sulphate, U=0’.S0’, or Sulphate of Uranyl, 
(tl’O-y'SO*, is obtained by diesolving uranoso-uraiiie oxide lu strong sulphiirie acid, 
diluting the solution with water, and oxidising -with nitno acid ; also by decomposing 
n solution of uramo nitrate with sulpburic acid, expelling the excess of acid by heat, 
dissolving the residue in water, evaporating the solution to a syrup, and leaving it to 
crystallise. It forms small lemon-ycUow prisms containing 3 at water (Berzelius ; 
P'iSligot), S-J at. (Ebelmoii). According to Berzelius, the salts U-'O’2S0® and 
TJ-'O'.SSO’, ate obtained by dissolving the monosulpbato in sulphiu'ic acid, but Piligot 
denies their existence (see Uhanium), — U ranic sulphates of various composition, 
c.vllod uranmm-oehre and uraiiium-mtnol, are found in small flattened mounoHnic 
crystals, of a bright emerald-green colour, near Joachimsthal in Bohemia, also at 
Johaiingcoigensladt. (Eammelsberg’a Mmeratehi mie, p 279 ) 

Poiasih-urante sulphate, (U*0*)''K»(S0‘)*.2H-0, forms lemon-yellow arystalbne 
crusts, very soluble in water, and becoming anhydrous at 100°. — Aihmonw-uramo 
sulphate, of similar composition, forms sparingly soluble, lemon-yellow prisms. There 
IS also .1 crystalline soifm-tiramc sulphate. — Samacupm-uramcsulphates, allied uramum- 
green, are found at Joachimsttial (Bammolsberg’s Mmeralehenm, p 296.) 

Umnom sulphate, U”SO* =. IT'O SO* may be prepared by dissolving uranoso- 
uranic oxide in hot oil of -vitriol, diluting with -water, and evaporating in a vacuum , or 
by dissolving hydrated urauons oxido m dilute snlphurio acid, or by decomposing a 
eoncentratcdsoliitionofurauous elilorido -with sulphuricacid It crystallises -with 2 and 
with 4 at. water.— A (7i4a4tc«TO«oussK7p4«i!(i,U''S0*.U"0.3H;’0, is obtained bytreating 
the noraial s.ilt with a largo quantity of water, by exposing tho uleoholie solution of 
tliat salt to the sun’s rays , by careful addition of ammonia to its aqueous solution ; 
and by boding that solution with green uranoso-uranic oxide It forms a light-green 
powder haying a silky lustre 

Ammonw-wanuus siaphate, U''(fra:‘)*(SO<)» foims easily soluble, dark-given, warty 
groups of ciyetals its solution, when heated, deposits a basic sulphate. 

Potame-WOMO sulplmte, U*K*(S0-‘)».H=O, forms green, slightly soluble saluio 
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TJranoso-uranw sulphate, U"(U'0®)"(S0'*)’', obtained by di&solving uranoso-uranie 
oxide in wai’in oil of ntriol, and evaporating the excess of acid by heat, forms a light- 
green, soluble mass, which at a red heat gives off sulphurous anhydride, and is con- 
verted into uranic sulphite (Ebelmen, Ann. Ch Phys. v. 189) On the sulphates of 
uranium, see further Gmelin’s BandbooJc, iv. 17i ) 

Bnlpbatea of Vanadium. Vanadw sidplmte, \^“(SO'*)* = VK)".3SO”, is pro- 
duced by disBolving vanadic oxide in hot sulphuric acid diluted with half its weight of 
water, and evaporating the excess of acid at as low a temperature as possible. It 
forms small red-brown crystalline scales, quickly deliquescing to a rusty-brown syrup, 
which IS not rendered turbid either by water or by alcohol. The aqueous solution 
becomes turbid on boiling, and the liquid separated from the precipitate contains an 
amd salt, which dnea up to a red syrup A bamo salt, V-0“ 2S0', formed by dissolv- 
ing neutral vaiiadious sulphate in nitric acid, forms a red, deliquescent, soluble, saline 
mass (Berzelius). Potassio-mnadto sulphate, V"'K(SO'‘)’, separates froma solution 
of potassio vanadate mixed with a little sulphuric aeid, and left to evaporate, in yellow 
grams, composed of microscopic crystals. It is slightly soluble in water, insoluble in 
alcohol. (Berzelius) 

Vanadxous sulphate, V"SO-‘ »= V"O.SO’, is prepared by dissolving the di- or tri- 
oxide of vanaduiiu, obtained by igniting vanadate of ammonium, in sulphuric acid, 
and passing sulphurous acid gas through the solution, or heating it with oxalic acid, to 
complete the reduction of Sie vanadic tri-oxide. The solution, when evaporated, 
yields sky-blue crystals, probably consisting of an acid vanadious sulphate, which, 
when purifled by washing with absolute alcohol, gradually swells up, and is converted 
into a loose sky-blue powder, consisting of the neutral salt This salt, after being 
'washed with alcohol, and dried over oil of vitriol, may bo obtained in the crystallme 
form by allowing it to deliquesce, and then leaving it for some time in a dry atmo- 
sphere It usually crystallises in groups of prisms, but sometimes in separate, short, 
rhombic prisms, hanug a flue blue colour, and consisting of V"SO'‘ 2H’'0. It dis- 
solves very slowly in cold water, and when ignited, leaves vanadic tri-oxide (Berze- 
lius). A basio salt is produced, according to Berzelius, by digesting a strong solution 
of the neutral sulphate with vanadious hydrate It dries up to a blue transparent 
mass, which gives off water and turns brown iit 100°. Potaseio-vmadiQUS sulpluUe, 
'V“1I^(S0‘)®, is a light blue gummy mass. (Rea ViNAnitrir, p. 984.) 

Sulphates of Httrlum. The neutral sulphate, y"SO*, crystallises vary easily 
in small foiu’- or six-sided, colourless, or faintly rose-coloured prisms, which do not 
effloresce, but remain transparent, even at 80°, but at higher temjmratures give off 
water and become milk-white, they dissolve very slowly in water (Berzelius). A 
solution of yttna in sulphimio acid saturated in the cold, becomes turhid at 30° — 40°, 
fiom separation of the sulphate, and at the boiling heat the whole is precipitated as a 
crystallme powder, containing 2Y”SO* 6H°0 ; it has a faint reddish -colour, which it 
loses at 180°, together with its water of crystaUisution. The anhydrous salt dissolves 
easily m cold water (Popp, Ann Oh Pharm. cxiii 179; Jahresb. 1864, p. 203) 
By evaporation over oil of vitriol at 6° — 10°, crystalline crusts are obtained, consisting 
of 3y"S0<.8II®0, laomorphous with the con'esponding hydrated sulphates of cadmium 
and didymium (Popp, Delafontaine, Jahvesh 1804, p 198') The anhydrous salt 
gives oft I of Its sulphuric anhydride at a rod heat, leaving the tribasic salt 3YO.SO* = 
y'SOb2iO , and by very strong and prolonged ignition, the whole of the sulphuric 
anhydride m.iy be expelled, leaving pure yttna. The basic salt is likewise obtained 
by precipitating the neutral .salt with ammonia (Berzelius ) 

Potassw-ytlrui sulphate, Y"K’(SO*)°, is obtained, by evaporation of the solution of 
its component salts, ns white ciystalhno crust (Berzelius) , or by covering the solution 
with a layer of alcohol, in crystals, which, on exposure to the air, give off about 6 por 
cent of water (Popp). The salt dissolves in 16 pts of cold water, and in 10 pts. of a 
solution of potassic sulphate (Berzelius) The aqueous solution aatui'ated in the 
cold, deposits sulphate of yttrium when heated (Popp.) 

Sulphate of yttrium may be combined by fusion with sulphate of sodium, but does 
not unite ivith sulphate of magnesinni. (Popp ) 

Sulphates of Zlno. The norinal or neutral sulphate, Zn"SO‘, also called white 
mtrml or zmc-mtnd, is produced by dissolving oxide or carbonate of zinc in dilute 
sulphuric acid, and on the large scale, by roasting the native sulphide, lixmating with 
water, and concentrating the solution by addition of fresh roasted ore. It separatcB 
from solution at ordmary temperatures, in right rhombic prisms, containing Zn"SO'. 
7H®0, isomorphous wim snlphato of magnesium, and exhibiting the eomhinations 
i»P . P. (flg 264, 11. 147), and P Poo . ooP . oo)^co , also the hemihedral form 
■t 2 ' “ 2 ’ ‘ 282, li. 118) The crystals have a rough metallic 
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t.iste, avid effloiaBca slightly in dry air Like the other lieptahydrated magneMan sul- 
phates, they give off 6 at. water at about 100°, but the seventh only at a higher tem- 
perature (about 280°); mdeod it is difficult to obtain the salt peWeetly anhydrous 
without loss of acid. At a bright red heat, the anhydrous salt is completely decom- 
posed, leaving pure oiide of muc. 

The hoptahydratod crystals dissolve in about 2^ pts of cold, and in somewhat lees 
than their own weight of boding water , the solution has an acid reaction. According 
to Poggialo, 100 pts. of water dissolve at different temperatures the following quantities 
of znie-suipliato — 

Tempn^taro. ' AaMmas 

10° . . , 138 21 . . . 48 36 

20° . . . 161-60 . . . 6310 

30° . . . 191-00 . . . 68 60 

60° . . . 263 80 . . . 68 76 

100° . . . 663 GO . , . 95-60 

The salt is iiiboluble in absolute alcohol According to Schroder (Ann. Cli Phavni. 
dix. 4.5), a supersaturated solution of zinc-vitriol contained in a glass tube, closed by a 
plug of cotton-wool, deposits a modification of the beptahydi-atcd salt more soluble 
than the ordinary salt The supernatant liquid still remains supersaturated, and, in 
contact -with the air, yields crystals of tlie ordinary sall^ together with ei-ystals of the 
more soluble modification 

A bolution of zinc-sulphate left to crystallise at 30°, yields inonoolinio heshydrated 
crystals, Zu"SO'.6H''0,iaomorphous with the corresponding magnesium- and nickel- 
suits. The same hydrate is obtained hy beating the ordinary crystals to 62°. A 
petiiaky/^ ratal salt, Zn"SO'‘ 6H'0, is obtained, according to Kiihn, by boihng the pul- 
verised lioptahydriited salt -with alcohol of specific gravity 0-868 It also crystallises, 
aoooi Jmg to Pierre and Sohindlcr, fi'oin solution between 35° and 60°. A granular 
dihydrate, Zn'SO* 2H’0, isobUmed by boiUng the finely pulverised heptahydrate with 
absolute alcohol , it also separates on adding strong sulpburio acid to a oonoentrated 
solution of zine-sulpliate (Kuhn). The monohpdrate, Zn"S0‘.H°0, remains when 
the lieptahydrated salt is dried in the air at 100°, or in n vaciuim over oil of vitriol 
at 20° (Schindler, Graham), it also separates in orystallino grams diu-ing the 
cooling of a boiling saturated solution of zinc-snlphate (Graham). It rotams its 
water at 205°, but gives it up at 238°. (Graham ) 

Sulphate of zinc is chiefly used in cahco-printmg. ^ It also serves as an addition to 
oils m the manufacture of varnishes , for the pi-apoxation of many other zmo-eompounds, 
as of zmc-white , and m medicine for the composition of eye-washes, &o, 

Basie Zinc-sulphates.— The dibat,io salt, 2ZnOSO* == Zu"S0<Zn''0, is pro- 
duced hy digesting a strong solution of zmc-vitriol with oxide or hydrate of zinc ns 
long as anything is dissolved it does not crystalhse (Seliindler).— The tetrahasic 
salt, 4Zn''0 SO* = Zn"S0''.3Zn"O, crystalhsea torn a solution of the preceding hy 
spoil tiineoiis evaporation in long flexible noedles, containing 10 at water (Schindler) 
The same salt is precipitated on adding a small quantity of potash to the solution of 
tile iicutrid sulphate, as a white bulky powder insoluble m cold water, and separates 
from a boiling aqueous solution on cooling, in small unctuonB crystals, which, according 
to Kane, contain 2 at. -water It is also formed hy heating the neutral sulphate tdl it 
is p.-irtiilly decomposed, and boiling the residue with water, or by hoilmg a solution 
of the neutral sulphate with zmc-oiide or metalbc zinc , in that case also the solu- 
tiuii. on cooling, deposits the dihydi-ated compound Zu''S0t3Zn"0.2H*0. (Kuhn, 
Schindler.) 

The hexliasic salt, 6Zn"0 SO''.10H''O = Zn"SO* 5Zn"0 10H*O, is obtained, according 
to Kaue, ns a white powder, by treating sulphate of zinc-ammouium with water, — The 
oi lobasio salt, 8Zn"0 S0“,2H*O = Zu"SO''.7Zu''0 2H*0, is precipitated in white bulky 
flocks on diluting a solution of the dibasic salt with a laigo, quantity of water. The 
pi-eoipitatps formed by caustic potash in a solution of zinc-wtriol, are basic salts, 
varying in composition according to the quantity of alkali used. 

All these basic zinc-sulphates, when heated nearly to redness, give off their chemi- 
cally combined water, without change of appearance , but at a bright red heat, they are 
decomposed in such a maimer that water aftorwai-ds extracts &om them the peutral 
salt, leaving zinc-oxide. 

Ammoniaoal Sulphates of Zinc.— There are several of these compounds, 
varying in composition according to the quantity of ammonia added to the sulphate of 
zinc TOon ammonia-gas is passed into a hot saturated solution of neutral zinc-sulphate 
till the precipitate at first formed is ledissolved, sulphate of atna-ammomwm, 
Zn"SO-' 2NH*.ll*0 »= (N-'H“Za)''SO'' H?0. separates ou coohng lu fine semi-crystalbno 
starch-like granules. The water may bo expelled by prolonged fusion. If the ammo- 
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niaeal solution juht mentioned be left to eyaporate at ordinary temperatures, it yields 
crystals of the compound Zn"SOHNH» 4H>0 or [N* )’'Zp]''SO^ 4ff0, which 

give off 2 at. water in drying, and quickly efiSoresce Above 27° they give off another 
atom of water, leaving the compound Zu''SO*.4lIH” H*0 , and this when carefully melted 
yields 0 gummy mass of zineammoniiim-sulphate, Zn"S0‘.21{H’.H’O, and ultimately 
the same compound in the anhydrous state (Kane) The compound, Zn'SO* 6NH“, is 
produced by the action of dry ammonia-gus on zinc sulphate, and forms a white pow- 
der which is dissolved hy water with partial separation of zmo-oiado p. Kose) — 
When zmc-Bulphate supersaturated while hot with ammonia, is boded tdl the odour 
of free ammonia is no longer percoptibla, a precipitate is formed, consisting of 
(4Zn0.S0»).4NH“.4H’0. (Schindler.) 

Double Salts — Ammonio-zinew sidp/htfe, Zn(NH^)5!(S0'‘)^6H*0, and the corre- 
sponding potassium-salt, are isomorphoim with the corresponding maguaaium-salts. 

SodM-ztnav! sulphate, Zn"Na'(S0^)“.4H'‘0, is produced, accordmg to (draham, by 
mixing the concentrated solutions of zmc-sulphate sndacid sodie sulphate, and evapora- 
ting to the orystaUising point. It is very deliquescent 

- ’ tef, Zn"Mg"(SO'‘)'‘ 14II“0, crystalhses, according to Pierre, at 
in fine rhombic pnsms ; it retains 2 at. water at 200°. The 
salt oiystallised above 35° contains only 10 at water, 

Zmoo-ahmmw sulphate ox Hnc-dlum, vs analogous m composition to common alum. 
(Kan*.) 

Sulphates of Zlroonliun. — The neutral or normal sulphate, Zr‘’’(SO<)‘* = 
Zr'''0^ 2S0^, IS obtained by dissolving oxido or hydrats of zirconium, free from potash, 
in an excess of sidphuric acid ; evaporatmg the solution to diynosa ; and beating the 
residue for a quarta’ of an hour to a temperature just below redness The salt loses 
the whole of its acid at a fall red heat, A neutral solution of the salt yields on evapo- 
ration, a gummy mass, whidi, when further dried, becomes white and full of fissures. 
If, however, the solution contains free acid, hydrated crystals are obtained, which may 
ho freed from adhering acid by means of alcohol The crystals fuse when heated, 
giving off their water, and swelling np like alum. 

The anhydrous salt dissolves very slowly hut completely lu cold, and rapidly in hot 
water Ammonia added in excess to the solution, precipitates puro zircoma free from 
sulphurio acid. Alcohol throws down a mixture of the normal and tnbasic sulphates, 
which, after being washed for a considerable time with alcohol, is entirely converted 
into the trihasic sulphate (Berzelius.) 

The dibasic sulphate, Zi^'O^SO’ = Zr*’('S0*)^Zn''0’, is formed hy, saturating a 
conoentratod solution of the normal salt with hydrate of zirconium. On evaporating 
the liquid, a mass of salt is obtained which is gummy and fissured at first, hut when 
further dried becomes white and opaque. The salt, when hooted, swells up like alum, 
and parts with its water, hut a white heat is required to expel the acm. It dis- 
solves m a very small (Quantity of water By a larger addition of water, die solution 
IB resolved into the tnhasie salt, which is precipitated, and the normal salt, which 
remains in solution. (Berz oliiis ) 

The trUiasio sidfhaie, 8ZrO^ 280* = Zr(SO^)* 2ZrO=, is obtamed by precipitating 
the normal salt with alcohol, and washing the precipitate first with alcohol and then 
with water ; or by diluting a solution of the dibasic salt with a large quantity of water. 
It forms white flakes, insoluble in water, but soluble m liydrochloiic aoid. (Berze- 

A hexbasic salt, 3ZrO* SO’ = Zn(SO*)‘' 6ZnO’, is produced by saturating a solution 
of a zu'conium-salt at the boiling heat with sulphate of potassiimi, or hy mixing the 
zirconium-solution with a hot saturated solution of sulphate of potassium. It separates 
as a white precipitate, and hy saturating the supernatant liquid with carbonate of 
potassium, the whole of the zu’comum may he brought into the precipitate (Berze- 
lius, Hermann). According to Berzelius, the precipitate always contains small 
quantities of potash, probably chemically combined, inasmuch as it is produced only hy 
sulphate of potassium, and not hy sulphate of sodium It is insoluble in a solution of 
potasbio sulphate, hut dissolves partially in pure water, and the water with which it is 
washed becomes turbid (Berzolius) Sulphate of ammonium reacts with zireonium- 
salts in the same manner as sulphate of potassium (Berzolius.) 

Zirooniu fused witli acid sulphate of potassium forma a doublo salt, which, m tha 
fused state, is perfectly transparent Water dissolves only tha potassium-salt, leaving 
the sparingly soluble zirconium-salt just mentioned (Berzolius). Warren (Pogg. 
Ann cii. 449, Jahi'esb 1867, p 168), by precipitating a solution of neutral zirconic 
sulphate with neutral and aeid sulphate of potassium, has obtained some double salts 
of CM iphcated and very doubtful composition. 
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AiooHoiic SuiPSATBS. Bbibh-heio Bthbbs. 

Alcohols treated mth stroxig salpliurio acid, yield acid sulphuric ethers represouted 
by the general formula, ^SO* . 

h(° ■= 

AlcohoU Sulphmic add. Acid ether. 

Tliero are also a few neutral sulphnne ethers represented by the. formula gjsO' 
tliey are formed, not by the action of sulphuric acid upon alcohols, but of snlplnmo 
anhydride upon neutral ethers (alcoholic oxides). 

Aliyl-sulpburlo Acid, O’HW >= (Cahours and 

Hofmann, Chem. Soc. Q,n J. x 316),— Wlien ally-lie alcohol is added by drops to 
about an equal volume of strong sulpmu-ic acid, the mixtuie becomes heated without 
blackening : and in adding seven or eight times the volume of water, and neutvahsiug 
with earlionate of haihim, the liquid yields, by evaporation, white shining crystals of 
hai'ic iillyl-sulphate (C’H'‘)-‘Ba''(SO*)'*. 

Amylaulphiirlo acid, (0“E*')HS0’ Stil^himyhe amd (Cahours, Ann Ch 
Pliys. 12], Ixx. 88.— Kekuld, Ann. Ch Pharm Ixxv. 276) — A mixturaof eqiAlpait', 
of amylie alcohol and oil of vitriol, after standing for some time, till water no longer 
separates ainylic alcohol from it, is diluted with water, the resulting crude amyl- 
anlphiwio amd is saturated with carbonate of barium , the solution filtered from tlio 
siilph.ite of b.irium is evaporated j and the crystals of omylsulphate qf barium ohtanied 
after cooling are freed from the mother-hquor upon fllter-^aper, and pimfieJ by 
shaking up their aqueous solution with animal charcoal, and twice crystallising by spon- 
taneous evaporation The solution of these crystals, precipitated by the proper quantify 
of snlphiirie acid, then filtered and evapiorated, yields the piu-e aoitl. (Cahours) 
Kekull prefers preparing tiie lead-salt and decomposing it with sidphurettod hydrogi u, 
after which he carefully evaporates tho coloiu-less filtrate to a thin syiup. 

Amyl-snlpiiune acid is a colourless, thin syrup which sometimes deposits slender 
needles by sponUneoiis evaporation. (Kekidd did not obtain any crystals.) It tiistus 
acid and bitter (sharply acid, according to Kelnild), and reddens litmus strongly 
(Cahours ) It dissolves readily in water and in alcohol. 

The concentrated aqueous acid decomposes spontaneously into amyl-alcohol and sul- 
phiincacid, slowly in the cold and in a vuciinm or when exposed to tho air ; quickly on 
lioiling, tho more quickly as it is more concentrated. It is decomposed by chloriiio m 
the cold, and by nitric acid when heated. 

Theamylsnlphatos or sulphamylates (G“H'>)MS0*, and (0*H“)’M"(S0‘)-, 
are generally erystallisablc, have a bitter ta.ste and are soapy to tho touch The 
crystals genei-ally contain water, and in that case are often efflorescent. ‘When their 
iiqueoua solntion is boiled, they are resolved into sulphate, free sulphuric acid and 
aiiiylic alcohol This decomposition takes place slowly at ordinary temperatures, even 
in the crystallised salts , nevertheless, these crystallised salts may generally be 
dehydrated at 100° before decomposition begins All amylsulphatos dissolve in 
water and in alcohol, very sparingly in other. Most of them in the m-ystallme state 
or in aqueous solution are decomposed by prolonged contact with the air, giving 
off iiuiylie alcohol and leaving ametalUe sulphate, the decomposition is nocolorated 
by heat. By dry distillation they leave metallic sulphate mixed with charcoal, and' 
giVD off a combustihle gas together with carhonie and sulphurous anhydrides, and an 
oil eontaniing amylene, other hydrocarbons polymeric therewith, amylic ether 
(C“H")'0> and probably also amylic sulphate (0“H")H0^ , at all events, the distilled 
product contains sulphur. 

Amylsulphite of Aluminiumtonat a gelatinous mass, soluble in water, alcohol, and 
other, very deliquescent, and easily deeomposihle 

Ami/lsulpkate of Ammonium, — The filtrate obtained by precipitating the calcinm- 
salt with carbonate of ammonia, yields by apontaneoiiB evaporation, colourless, hitter 
crvsridlmo scales, and by evaporation over lie water-bath a nodfflar crystaUiue mass. 
The crystals give off nothing at 100°, begin to decompose at 140°, and burn away, 
leaving a residue of chaicoar. They deliquesce slightly in damp air, and dissolve very 
readily in water, on which they move briskly about, they are leas soluble in 
alcohol, and insoluble in ether 

The Jawrai-aaW (0’H‘’)“Ba"(SO'‘)* 2H®0, prepared as above, crystallises by spon- 
taneous evaporation, in largo very flexible rhombic tables. The crystals effloresce in 
dry air and give off 6 66 per cent, (1 at.) water in vacuo. They begin to decompose 
at 95°, molting at tho same time, if they have not been previously oriod They give 
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off All oil aome^rliat abovo 200°, and leave sulphate of harium mixed with charcoal. 
Their aqueous solution is resolved by longer boding, into amjlic alcohol, sulphuric 
acid, and sulphate of banum They dissolve very ro^dy in water, more readdy in 
warm than in cold alcohol, but are insoluble in ether. 

The calamm-satt, (C‘H'')’Ca"(S0'')“2H*0, obtained by saturating amyl-sulphnrie 
acid with chalk, forms mammeUated crystals, soft to the touch, very soluble in water, 
especially in hot water, soluble in alcohol, insoluble in ether. It has a bitter and 
pungent taste An aqueous solution, saturated and bmpid at ordinary teinperatures, 
becomes turbid at the boiling heat. The crystals effloresce in dry iiir, give off the 
whole of their water (8'65 per cent ) in a vacumn, and are gradually decomposed by 
coiitiiet with the air. The salt, heated to 260° in a sealed tube with alcoholic 
ammonia, yields sulphate of calcium and sulphate of amylamine. (Berthelot, Compt. 
rend, xxxvi. 1098.) _ ^ * 

The cohalt-salt is obtained, by pi’ecipitating the barium-salt with sulphate of cobalt, 
and evaporating the filtrate, in rose-coloured lammue, vary soluble in water 

Cuyu-ir satt, (C‘H‘')”Gii"(SO^)*.2H^O. — ^The bine solution of carbonate of copper in 
the acid yields, when left over oil of vitriol, lai'go elongated tables which are perraansnt 
in the air, dissolve readily in water and weak alcohol, less readily in absolute alcohol, 
and are insoluble in other. 

The feme salt, obtained by dissolving ferric hydrate m the aqueous arid, forms 
small, yellow, easily decomposible, deliqiieseent, orystallme granules. — The ferrous sedt 
is produced by dissolving metallic iron in the aqueous acid. The pale green, sweotish- 
bitter solution reddens htmns, and when evaporated, deposits brown flakes of feme 
oxide, together with pale green crystalline grams of the ferrous salt These ciystals 
quickly turn yellow on exposiu'e to the air, dissolve in water and alcohol, and with 
green colour in ether. 

The lead-salt, (d‘H’')“Pb"(S0*)*.H.*0, obtained by saturating the acid with carbonate 
of lead, forms mammelliited ^oups of small laminm, very soluble in water, acid to test- 
paper, soluble in alcohol, insoluble in ether, and having a bitter-sweet taste. The 
solution decomposes slowly in contact with the air, rapidly at the boiling heat. 

Tils magnesium-salt, (OH‘’)“Mg’’(S0*)*.4H®0, is obtained by spontaneous evapora- 
tion m elongated vhomboidal laminse, which, have a fine musreaus lustre, and are 
with difficulty deprived of the whole of their water of cij stallisation 

The manganese-salt, (C‘H’')'*Mn''(SO*)® 4H“0, forms nearly colourless crystals, per- 
manent m the air, the solution, however, gradually decomposes 

Morcurio salt , — The yellow solution of mercnrio oxido in amylsidphiifio acid yields, 
by evapointion in a vacuum, dark yellow crystalline nodules, soapy and glutinous to 
the touch, having an extremely sharp and bitter taste , they coutain 2 at. water, 
decompose after keeping for some time, and deliquesce in dump iiir. 

The nioM-sedt, (0®H”)''Ni”tSO')'.2H'’0, crystallises by evaporation in a vacuum, in 
nodules of green, elongated laminae, which deliqnosee m moist air, 

’potassium-sdlt, (0‘H“)KS0h separates from its solution by spontaneous evapo- 
ration in colourless tufts of needles, haying a very bitter taste, or in nodules composed 
of needles having a silky lustre. These crystals effloresce on exposure to the air, and 
turn slightly brown, giving off amylic alcohol and sulphuric acid In a viicuum or at 
100°, they give off 3'99 per cent. (1 at) of water, without further decomposition, swell 
up strongly at 170°, then melt, and leave a blaefc scum The salt dissolves readily in 
water and in weak alcohol, less readily in strong alcohol, from the hot solution in 
which it crystallises in slender needles, and is insoluble m other. 

Siher-sait, (G'H'‘)AgSOb — The solution of carbonate of silver in the slightly heated 
acid yields, by evaporation, colourless lamin®, which dissolve very easily in water, 
blacken on exposure to the air, and dissolve m alcohol but not in ether 
The sodium-salt, (C“H'')lTaSO-‘, is obtained by precipitating the caleinm-.salt with 
carbonate of sodium, and spontaneous eraporation of the filtrato, in nodules set witli 
small crystals. These swell up at 35° [185 f] softemug, and et^ing off water, and 
begin to undergo further decomposition at 145° They dissolve abundantly in cold 
water, and in all proportions in hot water , from hot alcohol they crystallise in Ipng 
radiated lamiuie , they do not dissolve m ether 
The strontium-salt, (C*H'')”Sr"(SO'')®.2ffO, forms white crystallised nodules, which 
turn brown in the air, leave 39 82 per cent su^hate of etrontium when ignited,, 
dissolve readily in water and weak alcohol, with dimeulty in absolute alcohol, and not 
at all in ether. 

The zino-salt, (C‘H’')‘^Zn"(SO'’)“ 2II‘'0, forma nacreous scales grouped m nodules, 
soluble in water and in alcohol, and decomposing at 1 10°. 

Butyl-sulphuric acid. See TE'rnia-siiLVHiiBio acid. 

Capryl-sulphitrlo acid. See Octyi,-sulpkubio acid. 

Cetyl-BUlphurio acid, (C"'’H''”)HSO'.— ai/'p/ioceiiaacid (Dumas 


imdPdligot, 
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Aan. Oh. Phya. [2] Ixii. 4— Kohler, Jahresb. 1858, p 679.~Heiiitz, Pogg Ann 
Cl) 257; Jahresb. 1857, p. 446 )— The potassium-salt of tins ofiid is produced by 
mixing ethalwith strong sidphnric acid, at the teraperaturo of the water.bath , dissolving 
the mass in alcohol; saturating mth alcoholic potash ; separating the liquid from the 
deposited sulphate of potassium; concentrating it; digesting the cetyl-sulphate of 
potassium, -wliich separates with alcohol, to free it from excess of'ethal; and purifying 
it by repeated crystallisation from boiling alcobol. 

Cetyl-Eulpiiato of potassium, (C'“H‘‘'‘)KSO*, crystnllisea in soft nacreous laminie, 
composed of interlaced needlee , it is moderately soluble m hot alcohol, less soluble 
in boiling water, insoluble in ether, not fusible. Heated with oyunide of potassium, 
it yields eyanide of cetyl (i, 840) 

EthyJ-sulplmrio aold. (C'‘H*)HSO'‘. Sulphethylio acid Sulphovimc acid. 
(Habit, Ann. Chem. xxxiv. 300, xhii. 101 — Sorturnei*, Gilb. Ann. he. 63; Ixiv. 
6, 7— A. Vogel, thid. hdii. 81.— Gay-Liissae, Ann Oh. Phys. [2], xni. 78 — 
Hennell, Plul. Trans. 1826, p 240; 1828, p. 365 — Dumas and Boullay, Ann 
Ch.Phys xxxvi. 300 — Serullas, Hiid xxxix. 163 — Liebig and Wohlor, Ann. 

Ob. Pharm. i 37 — ^Liebig, ibid, xiii 27 — ^Magnus, i6?d m. 62 Marchand, 

Pogg Ann. xiviii. 454; xxxii. 346; xli. 696.— Muller, Ann Ch Phys [3], xix. 
22, — Bertholot, Compt. rend, xxxvi 1098. — Gm. viii. 416, x. 611). — This acid, 
produced by the action of strong sulphuric acid upon alcohol, ethor, or ethylene, was 
first noticed by Habit (in 1800), in the residues of the preparation of ether by heating 
alcohol with sulphuric acid . afterwards (1819) by Seitiu-ner Hennel, in 1826, an- 
nounced dint he had produced it by the direct combination of ethylene (olofiant gas) 
with sulphuric acid; but this result was for a long time doubted, the formation of tlio 
ethyl-sulplmrio ncid being attributed to the presence of alcohol or ether vapour in the 
olefiant gas The more recent experiments of Berthelof, 'however, have confirmed 
Henucl’s statement, and shown that etliyl-sulphuric acid may he formed by briskly 
agitating strong Bulplimno acid with perfectly pure ethylene ^s, obtained either from 
alcohol, or from coal-gas (by absorbing it with lodiuo, and doeomposmg tlio etliyleuio 
iodide with potash), or produced by the direct combination of hydrogen with aoetyleno, 
(i. 112), or in various other ways from inorganic materials (li. 665 ) — On the formation 
of ethyl-sulphuric acid foom alcohol, see Alcohol (i. 76). 

Pr^aration — A mixtuio of equal parts of strong aulphurio acid and strong alcohol 
is heated to about 100°, and after standing in a warm place for 24 hoiu’s, ddiitod with 
water, and satonted with carbonate of barmm or carbonate of lead , the solution is 
then altered from the precipitated sulphate of barium or lead ; and the fllti'ato care- 
fully evaporated to the crystallising point The crystals of baric or plumbic etbylsul- 
pbate are then rediasolved in water , the solution is decomposed with an exactly 
equivalent quantity of sulphuric acid — or better, iu the case of the lead-salt, with 
Bulphydi'ic acid ; — and the filtrate is concentrated in a vacuum over oil of vitriol or 
cWoncle of calcium. 

Properties.— Ethyl-snlphurio acid, concentrated to tho highest degree that it will 
hear without decomposition, is a limpid, oily, vei'y sour liquid, of speoffle gravity 1'315 
to 1'317 at 16°. It dissolves in all proportions in water and in alcohol, but is 
insoluble in ether. 

The dilute acid docompoaes gradually at oidinary temperatures, quickly on boiling, 
into alcohol and sulphuric acid The concentrated acid is resolved at a moderate degree 
of heat into ether and sidphuric acid, but at a higher tcmperaUiro it suffers more 
complete decomposition, giving off et^lene gas and sulphurous oxido, and leaving a 
carbonaceous residue. Heated with alcobol to 130° — 140°, it yields ether and sul- 
phuric acid, (i, 76) 

((?H*)HS0‘ + (G“H»)HO = (C’'H=)'=0 H*SO\ 


Honted with manganic peroxide or potassio chromate, it yields aldehyde (Jacquemin 
nndLiis-Bodard, Jahroeh. 1867, p. 346.) 

Ethyl-sulphates or sulphpvinatos, (G'H“)MSO< and (C=H‘)'M:"(SO')2. 
Eljiylsulpliiiric acid is ’ ’ nates and sulphites, and 

neutralises bases com. • are anhydioua, others 

contain water of crystallisation which for the moat part they give off ni a vacuum 
. over od of mtnol. They aie likeivise dehydrated by heating to 100°, or in some 
cases to higher temperatures, with partial decomposition They all dissolve easily in 
water, some also in alcohol, and a few, the amnicmium salt, for example, iu ether. 
Most etliylsulpbates are permanent in the air, but the ammonium-, lithium-, sodmm-i 
and zinc-salts ai'e very deliquescent 'WTion dissolved in a small quantity of water! 
tlie;y produce a perceptible degree of cold 

Tho othyl-sulpliates may be prepared by saturating the acid with oxides or carbo- 
nates, or by decomposing the barium- or lead-salt with the corresponding sulphates ; 
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tile ethyl-sulphates of the aUcah-metals, also by decomposing the barium- or lead-salt 
with an ahcaliiie carbonate. 

The ethyl-sulphates in aqueous solution are decomposed by ebullition, but the 
decomposition is completely prevented by adding a few drops of csustie potash Some 
of them, especially the strontic, hanc, plumbic, feme, mangonous, argentic, aluminic, 
and uranic salts, undergo spontaneous decompositiou, while others may be kept for 
years without alteration. They are decomposed by di^ distillation, first giving off 
ether and alcohol, together with their water of crystalbsation, afterwards heavy oil of 
wine (probably a mixture of neutral etbyliesulphato and oily hydrocarbons), together 
with cai'honie and sulphurous anhydrides, and olefiant gas, and leaving metallic 
sulphate mixed with charcoal. Heated in contact with the air, they hum with a faint 
bluish flame. Heated with strong sulphvrio aoid, they give off ether, and, with the 
dilute acid, alcohol. Heated with hydrate of fotossivm, they yield alcohol, and with 
quwhhme they give off, first alcohol, afterwards heavy oil of wine and olefiant gas — 
Heated with mangane peroxide or potasm ehromate, tliey yield aldehyde, together 
with wine-oil and other products of decomposition (Jaequemin and Lihs-Bodard ) 
The ethyl-sulphates mstiUed with other salts yield eompoimd others , for example ; 

C“H»KO» + eWKSO^ = -p C»H»(CW)0« 

Potasjio Potasifc Etliyllo 

ooetato. Elbyl.Julpliale acotnte. 

Compound ethers are often prepared by this method. According to Nadler (Ann. Ch. 
Pharm, civi, 173 , Jahresb. 1880, p 403), ethyl-sulphate of potassium distilled with. 
ml) ate of potassium, yields, not ethybo nitrate, but a heavy oily liquid consisting of 
aeeto-ethyl-nitrafe, O'H’WO', a compound of 2 at ethylio-mtrate and 1st 
aldehyde + CHI‘0), the latter being produced from ethylio nitrate by 

elimination of N0“IL 

When a cold concentrated aqueous solution of an ethyl-sulphate is electrolysed with 
plutiuum-plata^B tor electrodes, the inorganic base is separated at the negative polo, 
witli evolntion of hydrogen, wlnlst free sulphuric acid is eliminated at the positiyo 
pole, together with oxygen and carbomc dioxide, an odour of aldehyde being also 
perceptible If the positive pole is foi-med of amalgamated zinc, it becomes coated 
with a film of ethyl-sulphate of zinc, hut neither aldehyde nor sulphuno aoidmalces its 
appeai'ince (Guthrie, Ann Ch Pharm, xeix. 64 ) 

Jtthyl-sulfhate of AluminUim is gummy and deliquescent 
The ammo»iuOT-sai<, (0'*H*)(NH^)S0'‘, forms anhydroue crystals which melt at 
62°, are very deliquescent, and very soluble in water, alcohol, and other 
The SariuTO-sait, (C'H*)’'Ba"(80')®2H“0, erystaUiees in mouoclinicpriaras.iso- 
mnrphous with the metityl-sulphate, and exliibiting the combination ooP . ooPco oP 
-P» -iP Axes, a-b 0 = 0 8229 0 6790 • 1. Angle b c = 84° 39'; aP 

coP(orthod) = 80° 20’, +P +P = 96° 44', oP «P = 93° 26' . ooPco -Pm 
= 121° 18'. Cleavage perfect, parallel to aSeo {Sahs-bne, Bcstimnmng dcr KrystaU~ 
grstalten, 4'C.). The ciwstala contain 8 48 per cent water of erjmtallisation, which they 
give off in a vacuum. 'The anhydrous salt does notalter at 100°, hut the hydrated salt 
uudorgoes slight, decomposition at that temperature The hydrated salt dissolves in 
0 92 pta. water at 17°; it is soluble also in alcohol of ordinary strength. Its 
aqueous solution, when boiled, 'bocoraes turbid and acid, and deposits sulphate of barium, 
aud the filtered liquid, satoated with carbonate of banum, yields paratbiou ate of 
b.irium, isomonc with the ethyl-snlphate (iv 364). 

The oadmmm-salt, (CW)*Cd"(SO^)'‘2H“0,^orms long limpid prisms, very soluble 
in water and in alcohol, insoluble in ether, and giving off their water of crystallisation 

The calcium-salt (G=H“)®Ca"(SO')° 2H^O, forms monocliuio crystals, apparently 
isomorphous with the banum-salt. Dominant faces oiP, coPco Angle ooP . ooP 
(orthod) = 80° 8' (Schabus). The crystals are permanent m tbe air, and contain 
117 per cent water, which they give off in a vacuum, or when heated to 80°. One 
part of the salt dissolves in 1 pt water at 8°, in 0 8 pt. at 17°yn 0 63 pt at 30°, and 
in all proportions in boiling water Tha a.alt is lees solnble in alcohol, insolnble m' 
ether. The anhydrous salt hegiiia to decompose at about 120°. 

The cobal t-salt, (0“H“)'Co"(SO’‘)^2H'0, forms dark-red crystals, permanentin tha 
air, very soluble in water and in alcohol, insolublo in ether. 

The cupric salt, (C^H'')’^On"(SO*)* 4H*0, crystallises in right rectangular prisms, 
or lamiuEe of a fine blue colour, very soluble in water and in alcohol, insolnble m ether 
The ferric salt, obtained by dissolving ferric hydrate in ethylsulphuric acid, cry- 
stallises with difficulty in yellow dehquescent tables, soluble in water and in alcohol, 
insoluble in ether 

The ferrous salt, obtained by diesolviug metallic iron m the acid, crystallisos in 
greenish pnsms, which alter very quickly. 
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Lead-salts —Thti normal sa/i, (C“H*)Pb''(SO^)® 2H’0, crystallises in colourless 
transparent tables, very soluble in ■water and in alcohol, and having an acid reaction. 
They oontain 7'28 per cent water of crystallisation, which they give off in <i Taeuiim, or 
when heated They imderM gradual decomposition. The solution of this salt, digested 
with recently precipitated oxide of lead, yields an uncrystallisable basic salt, 
(0‘H*)’Pb"S'0'.Pb''0, soluble m -water and in alcohol. By supersaturating the solu- 
tion of the neutral salt with ammonia, evaporating, redissolnng the residue in -water, 
and again evaporating, scales are obtained containing lead and ammonia. 

The hilnnm-salt, G''II*LiS0-*.H“0, forma deliqnescent crystals. 

The magnesium-salt, (C*IP)’JI^'(S0*)*.4H-'0, forms crystals veiy soluble in water, 
insoluble in alcohol and in ether, and containing 20 8 per cent water of ciystallisation, 
half of which goes off at 80°, the rest at 90° 

The manganesc-aali, (C®H“)*]V[n"(SO')’' 4H*0, forms roseate tables, permanent in 
the air, very solnhlo in water and m alcohol, insoluble in ether. 

The wiercurio salt is very unstahle and deUqueacent 

The nicleel-salt, (C'‘H“)‘Ni"(S0*)®.2H-0, forms green, very solnhlo, granular crys- 
tals. 

The. potassium-salt, C’H?KSO^ crystallises easily in large, colomdesa, anhydrous 
tables or Inmniifi belonging to the monoclinic system, and exhibiting the combination 
coP . oP . [Poo ] Axes a i ■ o = 0'6780 . O'6140 • 1 . Angle h o - 80° 27 . 
ooP- »P(othod)-86°53',[Pw].[Poo]=60»30';oP' coP = 96° 33'. Cleavage 
perfect parallel to oP (Schabus). It has a sweetish saline taste, dissolves in 0 8 pts. 
■water at 17°, deliquesces in moist air, is insoluble in absolute idcoliol and in ether. 

The silver-salt, C^H^AgSObH^O, forms shining scales, which dissolve in water 
and m alcohol, and do not give off their water of crystalhsation till raised to a tempe- 
rature at whiii. they decompose. , 

The sodium-salt, C’-'H^NaSO* H’O, crystallises in hexagonal plates, which contain 
10'7S per cent, -water of crystallisation, offlorosce in warn air, and melt to a colourless 
liquid at 86°. The anhydrous salt does not molt or decompose till heated above 1 00° 
It dissolves in 0'61 pts. water at 17°, imd is even wore deliquescent than the potas- 
sium-salt. 

The s7ro»i»«m-aa7i, (C*H’)’Sr"(SO*)’, forms anhydrous eiystals very soluble in 

The uranic salt is yellow, pd decomposes between 60° and 70°. — The uranous salt 
crystallises with difficulty and is deliquescent 

The eino-salt, (^O^H.*)''Zn''(SO*)® 2H’0, forms large colourless tables, very soluble 
in -water and in alcohol, insoluble in ether. 

Dihtbtlio or Neutuai. Ethtlio Sui-phatb, or PTHTLia Ethtisuo- 
PHATI, (C=E‘)*SO‘ = (C=H‘‘)=0 SO* Su/phiDio ether (Wefheriil, Ann Ch, 
Pharm. Ixvi. 117) — ^This compound is produced by dmcct combination of ethylio 
oxide ivith sulphuric anhydride; also by the action of sulphuric anhydride on abso- 
lute alcohol, the alcohol being first dehydrated, and the ether thus produced uniting -with 
another portion of sulphuric anhydride 

Preparation. — Vapour of enlphurie anhydride is passed into a flask containing ether 
and surrounded by a freezing mixture. The vapour, by its great density, sinks to the 
bottom of the flask and comes in contact with the ether, and the liquid after a wliila 
acquires a syrupy consistency, so that it requires to be shaken up with nu equal hulk 
of ether and four times its bulk of water. It then separates into two layers, the 
upper of which, containing the ethylie sulphate, must he separated from the lower, 
which is strongly acid, and contains sulphuric, sulphurous, ethiomc, and ethyl-sulphurio 
acids (p 626), mixed, if the temperature has not been kept loyv enough, with black 
carboimceoiia particles, and also with isetliioiiic and metliioiiic acids, resulting from 
the decomposition of the ethionio acid. The ethereal liquid is then shaken up w'ith 
nulk of lime to remove the sulphurous acid — whereby piut of the colouring matter is 
at the same tirao removed— then washed with water, filtered, and the ether distilled 
off. Ill the retort there remains ^ oily liquid, eontemiug a trace of other, and having 
n slightly acid reaction* arising from the decomposition of part of the ethylio sulphate, 
vliicb takes place, when the liquid is heated, by the action of the water taken up by 
the ether. The oil is then transferred from the retort into a basin, and washed with a 
small quantity of water,_the last portions of which are carefully removed by strips of 
bibulous paper, after whieli the liquid is dried in a vacuum over sulphuric acid. 

Properties. — ^Etbylic sulphate is an oily bquid, colourless when pure, but generally 
exhibiting a piellow tint It has a sharp taste, and smells like oil of peppermint. 
Rpeeifio gravity 1 120 It makes greasy spots on paper, which however disappear 
after a' while 

1. Decompositions — This compound is very easily decomposed when healed in 
contact with tile air, so that it can only ho distilled in an atmosphere of carbonic 
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anhydrklc. At 100°, vapours begin to rise, wliicli condense in small oily drops; 
between 110° and 120°, the oil passes over unobanged; but between 130° and 140°, 
the liqvud blackens, gives oif sulphurous anhydride and alcohol, and at a higher 
temperature, the same products mixed with olefiant gas — 2. Ethylio sulphate heated 
with water, forms, without separation of wme-oil, a very acid liquid, which gives off 
alcohol when boiled ; and when treated with carbonate of barium, yields three soluble 
barium-salts — ^viz,, methionato, ethylsulpbate, and wethionate of barium The drat of 
these salts is, however, so small m quantity, that it can only he regarded as a secondary 
product. The formation of tho other products may be represented by the following 
equation . 

3(0=H")=S0‘ + 3ffO =. 2(C=H»)HSO* + (CW)H»30‘ + 3(C>H»H.O) 

Eth^llc EthyUulphurlc Uethjonlc AlcoheJ- 

3 Ethyho sulphate is decomposed by an excess of sulpharie anhydride, yielding 
cthylaulphuno acid, othionic acid, and etbionic anhydride, hence the formation of 
these products in the preparation of the compound . 


2a<H‘“SO< + 6SO" » 


G»ffiSO‘ + G«H»S*0' 

Ethylsul* Ethionic 

phurlc Rcfd. ocida 


4 Sul^hydno axnd does not act on ctliylic Bulphato at ordinary temporatnrea, but 
phydrate ofpotaseimn decomposes it, forming mercaptan and sulphate of potassium : 

(C*H')*S0‘ 2KH3 = 2(G»H‘)HS + MO‘ 

6. Chhnne does not decompose othyho sulphate at 'ordinary temperatures, hut 
combines with it, forming a green liquid, which, on addition of water, yields the com- 
pound in its original state. — 6 Potassium does not act on sulphuric ether at ordinary 
temperatures, hut on the application of heat, decomposes it, with evolution of light 
and heat, forming mercaptan, together with other products— 7 Sulphuric ether 
dissolves in fuming mtno aoid, and is precipitated from the solution by water. On 
adding caustic potash till the liquid is nearly neutral, and applying heat, nitrous ether, 
0“H‘N0“, is evolved. 

Sulpshthamio Aoin, 0«H»>NS'0»= 2C'H'«SO‘ NH» = (Streoker, 

Ann Oh. Pharm. Ixxv 46 ) — ^Ethylie sulphate absorbs ammoma-gas with rise of 
temperature, the jirodnct dissolves easily m water or in alcohol, and the solution 
yields, by evaporation, groups of crystalline laminte, consisting of sulphethamate 
of ammonium This salt, treated with oxide of lead, yields the Bulphothamatc of 
that base, which, when decomposed by sulphuretted hydrogen, yields the free acid 
The solution of sulphethamic acid may he concentrated by evaporation , but at the 
boiling heat it decomposes, yielding free sulphuric acid 

Snlphethamate of Ammonium, C*H"(NH^)NS‘0“, deliquesces m moist air, melts 
below 100°, and burns at a stronger heat, with a faintly luminous flame, emitting an 
odour like that of etlijrlio sulphide It dissolves easily m water and in alcohol, not in 
ether. The solution is neutral, and does not precipitate metallic salts It is decom- 
posed by alkalis in the cold, with evolution of ammonia 'When mixed with chloride 
of barium and nitric acid, it does not yield an immediate precipitate of sulphate of 
banum, but tlie mixture Iiecomes cloudy after long boihng 
When moist sulphethamate of ammonium is heated to 100°, or a little above, it 
quickly becomes acid, and its solution is then precipitated by harium-salts. If tho am- 
monia ho precipitated from a solution of tho salt by platinio ehlorido and hydrochloric 
acid, and the liquid containing the excess of platmie blonde evaporated over the water- 
bath, ci'ystals of chloroplatinate of ethylamino are obtained It apijeare then that 
sulphethamic acid is decomposed by beat, under the influence of aoida, into ethylamine 
and sulphuno acid,n3ther products not yet examined being likewise produced Pos- 
sibly alcohol and isethionic acid are formed at tho same time, acf ording to the equation ; 

C»H™NS“0> -r 2ffO = G»H’N + G“H''SO< -v 2G*H"0 -i- H=SO*. 

A solution of the ammonium-salt evaporated over the water-bath with baryta, leaves 
nothing but sulphate of hanum On boihng it with carbonate of banum or oxide 
of lead, till all the ammonia is expelled, and then distilling with potash, ethylamine 
18 obtained. 

Sulphethamate of Barium is obtained by boiling the aqueous aramonium-salt for a 
short time with carbonate of barium, and remains on evaporation as a very soluble 
mass, crystallising with difficulty .—The lead-salt, prepared m like manner with oxide 
of lead, the excess of lend being removed by carbonic acid, crystalliBos in needles, very 
soluble in water and alcohol of ordinary etrongth, slightly solnhle lu absolute alcohol, 
(Strecker ) 
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ZHethylsnlphurio AoW, (CIP)HSO<. Sulphomthylto Add. (Dumas and 
PAligot, Ann. Oh. Pliys, Ivui. 64, bn. 199 — ^Kane, Plul. Mag. vii, 397.) — ^Produced 
in large quantity by mixing 1 pt. of ■wood-spirit with 8 pts. of' strong sulphuric acid, 
the mass becoming hot, and sometimes crystallising by spoutanaoua svapuration. It is 
obtained pure by completoly decomposing a solution of its barium-salt with sulphuric 
acid, also (according to Liebig) by dissolving neutral me, tliylio sidpbate in boiling 
■Witter, and leaving the solution to evaporate It forms colourless needles, soluble in 
water and in alcohol, and very unstable. 

The mothylsnlphates, CH“MSO*, are all very soluble in water Those of the 
albvli-metals yield, by distillation, a large qnantity of methyho sulphate, with a residue 
of ulkabne sulphate . 

aOH’KSO* - (CH’)’SO| + K’SO*. 

When distilled with other salts, they yield methylio ethers by double decomposition, 
jiitt like the ethylsiilphates. 

The Ad! titm-salt, (0lP)®Bft"(S0'')“.2H’0, obtained by saturating a mixture of sul- 
phuric acid and wood-spirit -with carbonate of barium, is deposited, by evaporation m 
a vncuum, in beiintifnl nacreous tables or Jaminie. very soluble in water. The crystals 
are monoclinie, exhibiting the combination ooP . ooPot . [ooP® 1 oP . [Poo ] Axes, 
a . A • e 0 824 1'907 1 Angle A . c = 83° 30' ; ooP • ooP (clinocL) = 47° 0' , 
[P« ] • [P® ] = 79° 20' ; oP Cop =. 92° 36' Cleavage perfect parallel to ooP» . 
(Sobahns)., By dry distillation, the salt jiolda sulphurous oxide, inflammable g.is. 
water, and neutral methylie sulphate, loiiving sulphate of barium slightly coloured 
with charcoal. — An isomer of this suit is obtained lu very thin prisms, when wood- 
spirit which has absorbed the vapour of snlphurio anhydride is diluted with water 
and saturated with toyto-water. 

The ofllaium-su/t, (OH'‘)'Ca"(SO*)®, forms anhydrous, very deliquescent octahe- 
drons. 

The lead-salt, (CH*)*Pb"(SO’)®, crystallises in long prisms containing 1 at. water, 
or sometimes in tables containing 2 at. water. The crystals are very soluble and 
deliquescent. 

The potassium -salt, CH’KSO'H^O, forms rhombic, very deliquescent, monoclinie 
tables, exhibiting the faces oP . — P . ®P . [P® ]. Axes, a • A c ■= 0 742 ; 0 779 . 1 
Angle b : 0 =-86° 61'; ooP . ooP (elinod.) - 87° Ifl’; -P -P = 99° 16'; 
[P® ] • [P» ] » 40° 60’. (Schabtis ) 

The uranic salt, (0H’)^(D’0’)"(S0'')*.II’0, obtained by precipitating the hariiim- 
salt with uranic sulphate, and evaporating the filtrate in a vacuum, is deposited after 
some time in very deliquescent crystals 

Dimethvlio or Nbuthal Methtlio Supphatb, (CH*)2SOb Meihyleul- 
phiric Ether. (Dumas andPAhgot, Ann Ch Phys. [2] Ivin 32.) — Produced liy the 
direct combination of sulphuric anhydride and methylie oxide' (CH’)*0 + SO’ = 
(CE’)*SO'' ; also in the dry distillation of methylsnlphutes 

It IS most readily prepaied by distilling 1 pt of -wood-spirit with 8 or 10 pts of 
strong sulphuric acid, the mixture being kept in a slate of gentle ebullition, washing 
the oily liquid which condenses in tlie receiver, with water ; agitating it ivith olilorida 
of calcium ; and rectifying it several times over finely-pounded eanatio baryta. 

Methylie sulphate is a colourless oil, having ,an alliaceous odour and a density of 
1 '8 24 at 22° (Dumas and PAligot), 1 386 at ordinary temperatures (Bod eke r, 
Jahresb, 1860, p. 17) It boils at 188°, under a pressure of 761 millimetres. 

It IS slowly decomposed by cold, rapidly by boiling water, into methylio alcohol and 
methylsulphui'ic acid — ^When boiled with alhalis, it yields mctliyhc alcohol and an 
alkaline sulphate —By distillation ■with fused chloride of sodium, it yields methylio 
chloride and sulphate of sodium , with bemoate of potassium, methylio benzoate and 
sulphate of potassium; with formate of sodium, in like mannnor, it yields methylie 
formate, and in contact -with aphides of alhali-mtal.it is converted into methylie sul- 
phide. (GH’)’S. 

Ammonia converts it into methylie snlphamate (sulphamethylane) and methylie 
alcohol • 

(CSySO* + HH« = CH‘NSO» + (CH:»)HO 
This reaction is totally different from that of ethylio sulphate -with ammonia (p 825) 

Ootylsulpburlo Acid, fC'‘H'’)HSO’. Caprulsidphuric or Sulphocapryhc Acid. 
(Bonis, Compt. rend xxxiii 144 ; xxxviii 935.) — Produced by gradually mixing 2 pts 
of ootylic alcohol with 1 pt of strong sulphuric acid, keeping the mixture cool at first, 
but afterwards assisting the action by a gentle heat. It then separates into two layers^ 
the upper of which, consisting chiefly of octylsulphnric acid, may be diluted with water, 
and neutoliscd -with carbonate of barium, ealeram, or lead. 

The pure amd, obtained by decomposing the lead-B,ilt with sulphydrie acid, or the 
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banum-salt ’mth. aulpliuric acid, and araporatuig in a vaeuum ovet oil of vitriol, is a 
limpid, coloiirlosa, syrupy, Btrongly iicid liquid, which dissolves very readily in water 
and alcohol, and dibsolves zinc and u'on with evolution of hydrogen It blackens when 
heated, and its aqueous solution, when boiled, is resolved into octylic alcohol and sni- 
phunc acid, 

Ociylsulfhate of Barium, (0*H”)’Ba"(S0^)*, is obtained in fine, flexible, nacreous 
crystals containing 2 at. water, by eoohng its solution, or leaving it over oil of vitriol, 
the crystals, merely freed from mother-hquor hy pressure between filter-paper, contain 
3 at. water It is very soluble in water, has an extremely bitter taste, and leaves a 
strongly saccharine aftertaste. The solution is decomposed by boiUug, end the dry 
salt by heating to 100'^, or by prolonged keeping in a vacuum 

The caloium-salt crystallises in colom-less tables, bitter and soapy to the touch. 

The mutral lead-salt crystallises readily ■ its solution is acid to test-paper. By 
digestion with massicot, it yields a colonrless .alkaliue solution, containing a iado leai- 
sflit, which, on exposure to the air, becomes covered with peUieles of lead-eorbonato, and 
is reconverted into the neutral salt. 

The potassmmrBolt, C^H^KSO* H*0, is white, nacreous, permanent in the air, very 
soluble in water and in alcohol When heated, it begins to fuse, and bums with a 
bright flame without oarbomsation. It decomposes at temperatures above 100°. 

Phenylaulpliurlo Acid, 0"H“S0‘ ■= (C“H*)HSO''. Sulflonhema or Sidpho- 

S lio Acid. (Laurent, inn 'Gh. Phys. [3], in, 203. — Froun^ Ann. Oh. Pharm. 

8, Jahresb. 1861, p, 617 ) — ^Prepared by treating phenol with excess of strong sul- 
phuiio acid, diluting with water after about twenty-four hours ; saturating tlie solution 
with carbonate of barium , filtering, evaporating, and punlyiDg the ciystamsed barmm- 
salt thus obtained by reorystaUisation tom alcohol; and decomposing it with an equi- 
valent quantity of sulphuric acid (Laurent^. — Or the harium-salt may be converted 
into a oupne salt by double decomposition with cupric sulphate, and the cupric salt 
decomposed by sulphydrio acid. (Preund.) 

Pheuylsulphunc acid may he obtained, by evaporation in a vacuum over oil of 
vitriol, m slender needle-shaped crystals (Laurentobtaineditonly as asyvup). The 
recently prepared solution yields, by distillation, first water containing phenol, then 
pure phenol, together with sulphurous anhydndo , and leaves a carbonaceous residue, the 
acid being first resolved into phenol and sulphuric acid, (C“H“SO‘ + H'O = C“II“0 
+ H'SO*), which is subsequently reduced to sulphurous acid by the organic matter 
present. (Freund ) 

Fhenyjsulphates, O^H^MSO^ and (C“H*)''M’'(SO‘)’. — The ammomum-salt, 
20“H’(N!E['‘)S0’ H’O, orystaUises in scales.— The banmirsalt, (C“H'‘)®Ba"(SO'‘/ 3II®0, 
crystalhsea in spherical groups of microscopic needles, which give off their water of 
crystallisation at 100°, and yield phenol by dry distillation. (Laurent ) 

The cujpno salt, C‘’H"Ou''S-0", separates from a coneentritted aqueous solution on 
coolmg, or hy spontaneous evaporation, in greenish-blne permanent crystals containing 
6 at water j and the dark-gi'een mother-liquor yields, by further concentration, crystals 
containing 4 at. water The mother-liquor remaining after the heihydrated crystals 
had separated by spontaneous evaporation, once yielded, after some time, probably in 
cousequouce of depression of temperature, well-defined efflorescent orys^s having 
the colour of blue vitnol, and containing 10 at water (Freund ) 

The cohali-salt, C'®H‘"Co"S’0“ 8H.*0, forms beautiful crystals, having the colour of 
neutral cobalt-sulphate,, permanent in the air, easily soluble in water and in alcohol, 
and gmng up part of their water (19 per cent.) at 180°— The mcM-sedt, 
SffO, forme emerald-green crystals, which are permanent in the air, 
dissolve in water and in alcohol, and acquire a canary-yellow colour when dehydrated. 
(Freund.) 

The magnmum-salt forms white needle-ehaped crystsls, soluble in water and in 
alcohol. 

The potassimi-salt, C^ffESO* H’O, forms small silky erystals, soluble in water and 


Paraphenylsulphurtc Acid, CTI“SO\ called Oasyplumylsulphnno Ami by E. 
Schmitt (Ann. Oh Pharm. oxx 129, Jahresb 1801, p 623 )— This acid is produced ; 

1. By passing a rapid stream of nitrous acid vapour into a hot saturated solution of 
phenylsulphamie (Bulphamlie) acid tp. 477) • 

OiH’NSO^ + HNO“ =. C»H«SO‘ + H’O + N*. 

2. By heating diazophenylsulphurous acid to 80°; 

O'HWSO’ 4- H»0 =. C'B«SO‘ 4- IP. 
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If thig docomposition to allowed to take place in a vessel from whict air is eitcluded, 
and the resnlting liquid bo concentrated over the watar-bath, in a flask into which a 
stream of carbonic acid gas is continually passed, the acid is obtained as a hght-brown 
uneiystalhsablo syrup. (Schmitt) 

Piiraphenylsidphiine acid decomposes carbonates, and forms salts which are voiy 
soluble in water, and can be obtained in the cryetalliuo state only by evaporating 
thiur solutions to dtjueas, — The barmm-mlt, C'-H'"Bn"S®0“ rH’O, requires a strong 
lieat to decompose it. When boated with solid potash, it foi-ms sulphate of potassium, 
and gives off phenol — llhe stlva-salt, C“H“AgSO^ bears in the d^ state a tolerably 
high temperature without decomposition Both those salts have a yellowish or brownish 
colour (Schmitt.) 

bthromophanylsulphurio Acid, C"H*Br’SO*, is produced by boiling diazodibro- 
mophenylsulphuroiis acid {mfta) with water By saturating its aqueous solution with 
carbonate of ammonium, adding chloride of bai'ium, and recrystallising the resulting 
precipitate, the barimn-salt is obtained in needle-shaped crystals. (Schmitt.) 

Appendix to jflienvlsidvlmric Aeid. 

PHENTi.si;i.PHnR0t7s AoiB, (C“H‘)HSO’. — To the description of this acid 
already given (p. 664), we have to add the following results obtained byBround 
(.Ann Oh.Pharm exx 76)' — ^Pure benzene (prepared by distilling calcic benzoate), left 
m contact with frequently-renewed quanlili os of piivo strong sulphuric acid at ordinary 
temporatui'es, and repeatedly sh.iken, dissolves completely, without evolution of sul- 
phurous oxide, nud the pioduct diluted with water also dissolves perfectly, forming a 
clear liquid ; and by neutralising this liquid with carbonate of banum, filtering, evapo- 
rating to dryness, rodissolving m water, and ogam concentrating, pure phenylsidphto 
of bat mm is obtained, in transparent nacreous lamiam or tables, containing 
C'*H''’Ba''S*0‘.2H®0. This salt is slightly soluble in alcohol, and effioresoes over oil 
of vitriol, but not on mere exposure to tbe air,— C k^w phenylsuipktte, O“H“0u''S’O®. 
6II=0, prepared by decomposing the barium-salt with cupric sulphate, evaporating the 
filtrate to dryness, and redissolving in alcohol, crystallises from a hot concentrated 
alcoholic or aqueous solution, on cooling, m laige, thm, tabular, light-blue crystals, 
permanent in the air , by spontaneous evaporation of the aqueous solution, also in 
well-defined cryshUs — The smer-sali, C'H’AgSO’ 8ff 0, produced by precipitating the 
hiirium-salt with sulphate of silver, forms tabular erysUds, soluble in water and in 
alcohol 

VUwjUulphiroiis acid, obtained by decomposing the cupric salt with sulphuretted 
hydrogen, eryatalhses by evaporation, in slendor very deliquescent needles The 
aqueous solution, when distilled, begins to decompose as soon as it attains a syrupy 
consistence, giving off sulphurous oxide, benzene, and sulphobenzide (p. 486), which 
condenses in the crystalline form , the distillate also contains sulphuric and undecom- 
posed phenylsulpliiirons acids, while a black liquid, or a light, shining, carbonaceous 
muss, IB left behind, according to tbe strength and duration of the heating. Phenyl- 
Rulphuroua acid is therefore decomposed by distillation, partly by assumption of 1 at. 
water, into benzene and snlphuiie acid • 

C»H»S0‘ + H*0 = CW + H»SO*, 
partly into sulphobenzide and snlpburic add' 

2C»H«S0» = G'«“SO’ + H’SO*. 

At the same time, a secondary decomposition takes place, attended with elimination of 
sulphurous acid and separation of carbon (Breund ) 

Paraphen^lsulphnrons Acid . — This name may bo applied to an nnoiystalli- 
snble modification of phonylsulphurouB acid, obtained— according to E Schmitt (Ann. 
Ch Pharni cxx. 129). by whom it is inappropriately termed “ pheiiylsulphnrio acid ” 
(PbmyhcAifcfsaure) — by heating diazophenylsulphuroiis acid (infra) with absolute 
alcohol under pro-sure — Its bantim-aali, C‘=H'"Ba''S-0“ rH“0, is soluble in water, 
slightly soluble in .ilcohol, gnes off its water of crystallisation at 110°, and decom- 
poses at a higher temperatuio —The lead-salt, C‘’H'*I?b''S“0“ rH“0, is a colourless 
crystalUne mass, easily sohihle, in water, very slightly soluble in alcohol 

Bibromophenylsulphiii oils Acid, C“H''Br''‘SO’ (Schmitt’s Pibromopltenyl- 
schwefsimre), is produced by boiling diazodibromophenylsulphurous acid with absolute 
alcohol under pressure. By evaporation it is obtained as a brown liquid, which soli 
difies after some time to a crystalline mass , and by precipitating its solution with 
acetate of lead, decomposing the lead-salt with sulphuretted hydrogen, and evaporating 
it may be obtained, in needle-shaped crystals containing 1 at water; these crystals 
melt at 84° — 80°, without loss of water, and decompose at a higher temperature. 
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Th.0 salts of tills acid resemble the dibromosulphamlates (p. 478) m solubility. — The 
banum^salt, 0“H“Ba"Br^S=0® icH-'O, obtained by precipitation, crystaUises from hot 
water m long needles, sparingly soluble in cold water and in alcohol , it gives oflf its 
water at 100°, but does not decompose even at 200°. By dry distillation, it gives off 
wtter, sulphurous oxide, and an oil baying the odour of bromobenzene. — The lead- 
and silver-salts orystalbse in needles slightly soluble in water.— The potasHum-salt 
forms easily soluble needles. (^Schmitt, loc cit ) 

Diasophenylsulphurous Aoid, C'H’N'SO” (Schmitt, loc. cit.), Diaeopkemjl- 
schivefehaure — ^This acid is produced by the action of nitrous acid on aulphanihc acid 
(p 473), 2C'‘H'N30-' + = 2G“H-‘iI«0‘ + SffO. It is insoluble in cold 

water, but dissolves easily in water at 00° — ^70°, and separates, by rapid cooling, in 
small colourless needles. It is insoluble in cold alcohol, and is decomposed by boiling 
alcohol, with evolution of nitrogen Its aqueous solution is very unstable, and gives 
off nitrogen continuously. When heated to 100°, it decomposes with explosive violence, 
leaving a brown WQoUy substance. Gaseous ammonia decomposes it with explosion. 
It IS decomposed by hydriodic and hydrobromu) acids, with evolution of nitrogen , 
and hpsidpbydno acid, with evolution of nitrogen, separation of sulphur, and formation 
of eulphaniho acid 

2C=H<N“SO" + 3H’S =■ 2C"H'NSO» + S» + fP. 

Wlien hoiled with alcohol of 90 per cent, it yields aldehyde, paraphenylsulphnroiis 
acid, and paraphanylsulphuric acid , but when it is heated with absolute alcohol, under 
pressure, only the first two products are obtained, thus ■ 

C>HWSO» + = C'H'SO’ + + m 

Biacodibromophenylsulphurons aoid, C'H^r®N®30’, is produced by the' 
action of nitrons acid on bromobulphanilie acid (p 479). It forma yellowish-white 
scales, which are permanent at 100°, but decompose with detonation at a higher tem- 
perature. It dissolves in alcohol, but not without detonation , is nearly insoluble in 
cold water, easily soluble m hot water , but decomposes in acjuoous solution, at the 
boiling heat, with evolution of nitrogen. Its reactions ore ainuiar to those of diazo- 
pheuylsulphurouB acid. 

TetrylBulpburlo Acid, (C^H'’)HSO* Buiyhiilphmo Add Sulphohutylio Acid. 
(Wurtz, Compt. rend. xxsv. 310 )^Produced by mixing tetrylio alcohol with an equal 
volume of strong sulphuric acid, taking care that the mixture does not become hot. 
After about twenty-four hours the action is complete, and a product is obtained perfectly 
soluble in water The solution, saturated with carbonate of potassium, and evapo- 
rated to dryness over the water-bath, yields a mixture of sulphate and tetrylsnlphate 
of potassium. 

The tetrylsulphate, C^H'KSO*, extracted from the mixture by boiling absolute 
alcohol, crystallises on cooling, in shining anhydrous lumime, which when dry have a 
nacreous lustre, and are unctuous to the touch. The salt distilled with cyanate of 
potassnun yields a mixture of tetrylic cyanate and cyaniirate. 

TrttyJsulpburio Add, (C’H’)IISO'. Bropylsnlplmne or Sulphoprom/lio Aoid. 
(Chancel, Compt. rend, xxxvii. 410 ) — The potassium-sult of this acid, C“H’lISO^ 
prepared from tritylio alcohol in the same manner as the preceding, crystallises on 
cooling from aloohohe solution, in anhydrous very slender needles, extremely soluble in 
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HTP03tTi.PHPEon.s or THiospiPHniiio Aoid, H’S“0’, colled also Bi- 
thionous Acid, and Sidphuretted Sulphurous Acid. (Gay-Lussac, Ann Chun 
Ixxxv. 199 — Herschel, Ed Phil. J i 8, 296, ii. 164 — ^Kessler, Pogg. Ann 
Ixxxiv. 274 — ^Vohl, Ann. Oh Phorm xciv. 237 — Slater, Chem. Gaz. 1866, 
p 369.) — This acid is scarcely known m the free state, since, when liberated 
from any of its salts by the action of a stronger and, it is almost immediately 
resolved into sulphurous acid and sulphur = H'SO* + ik According 

to H Eose, however {TraiU de Chimie analytigue, i 476), the deffimpositiou is 
never complete unless the quantity of hyposulphite operated upon is very small , and 
the hquid, if filtered from the deposited sulphur, oven after several weeks, still exhibits 
the reactions of ’hyposulphurons acid According to Eluckinger (J. Pharm [3 J, 
xlvi. 463; Jahresb 1863, p. 149), small quantities of this acid are often found m 
flowers of sulphur, in precipitated sulphur, in sulphur which has been crystallised 
from carbonic disulphide, and even in roll-sulphur. Eluckinger finds also that it is 
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produced by the acUon of aqueoua aulphurouB acid on pure sulphur, aTen at ordinary 
temperatures, hut more readily at 80° or 90° in a sealed tube. When a mixture of 
flnely-dividcd cadmium, sulphide of cadmium, and sulphur, moistened with absolute 
alcohol, was treated with sulphurous acid, sulphuretted hydrogen then passed into the 
filtrate’ after the sulphurous acid had evaporated, and the excess of sulphuretted 
hydrogen removed, the liquid after five months stiU exhibited the reactions ofthyposul- 
phuroM acid,— a fact which confirms H. Kose’s statement as to the stability of that 
acid in dilute solutions. 

Hvposulphi 1 68. — These salts may for the most part he regarded either as analogous 
to the formates (MHCO-), and represented by the formulm MHSO^ and or 

as hydrated thiosulphates, SO'.H-'O. derived from sulphates, 80*, by the 

substitution of S for 0 

M*S*0“ E“0 ~ 2MB:S0« 

]V["S“0».ffO = M"ffS“0*. 

The former view is in accordance with the fact established by H. Eose, that nearly 
all hyposulphites contain at least one atom of hydrogen ; also with the formation 
of hyposulphites by the aetiou of sodium, zme, or iron on aqueous sulphurous acid. 
Just as sodio formate is produced by the aetiou of sodium on carbonic acid (u. 683) : 

2H*SO* + Na’ ~ NaHSO'" + NaHSO* + H=0. 

Sulphurom iodic hjpo- Acid sodic 

acid nuiphlte. * sulphite. 

2H=C0> + Na» = NaHOO’ + NaHCO* + H=0. 

Curbanic Sodlc^ Acid wdio 

But, on the other hand, hyposulphite of lead contains no water of crystallisation, 
and may bo rsndered completely anhydrous by heating to 100° (Pape, Jabresb. 1864, 
p S7); It cannot, therefore, be regarded as analogous to a formate, hut must be 
represeuted by the formula Ph’S-’O'*. The potossium-salt appears also to be capable 
of crystallising with less than 1 at. water. The dibasic formula M*S0’ is also more 
in accordance with the tendency of hyposulphuroiis acid to form double salts. 

Hyposulphites are produced — a By passing sulphurous oxide through a solution of 
an attaline sulphide, the reaction being accompanied by deposition of sulphur j e g. 
2Na»S + 380’ = 2Na’S’0’ + S 
2Na’S‘ + 380’ = 2Na’S’0» + S’; 

or, better, by digesting or boiling sulphur with a solution of an alkahne sulphite , 
thus' 

Na’SO’ + S = Na’S’O’. 

3, By boiling sulphur with a solution of alkaline hydrate, an alkaline pentasulphide 
being formed at tlie same time ; thus with calcic hydrate . 

SCaH’O’ + S*’ ^ OaS’O’ + 2CaS’ + 3H’0. 

By exposing the resulting solution to the air till it becomes colourless, the pentasul- 
phide IS further resolved into sulphur and hyposulphite ; 

CaS* + O’ = CaS’O’ + S’. 

In this manner hyposulphites are obtained from gas-Iime refuse and ball-soda 
refuse, which contain sulphide of calcium. 

7. By tho action of certain metals on aqueous sulphurous acid (si^a). 

5. According to Eathke and Zschieseho (J pr. Chem xcii. 141), hyposulphites 
are produced, together with hyposnlphates (dithionates), when selenium is dissolved in an 
alkahne sulphite By quickly evaporating such a solution, recently prepared and satu- 
rated, a crystaUipe mass is obtamed, coloured led by separated selenium, and consisting 
mainly of alkaline sulphite mixed with hypoanlphate ; and the solution of these 
crysUls, freed from selenium by filtration, and evaporated (even in an atmosphere of 
hydrogen), again deposits sdemnm, and afterwards a mixture of siUphite and hypo- 
sulphite. The mother-liquor of the first crystals also leaves, when evaporated, a 
certain quanWy of selomum, and a erystallmo mass consisting of a small quantity of 
sulphite, an^ large quantity of hyposulphite together with separated sulphur. 

The hyposulphites of the alkoh-metals, alkaline earth-metals, and magnesium are 
soluble in water. That of barium, however, is only slightly soluble, and may he 
obtained, as a crystallina precipitate, by mixing tho solutions of bano chloride and 
sodie hyposulphite. 

Solutions of hyposulphites dissolve cliloride, lo^de and bromide of silver, mercurous 
chloride, iodide of lead, sulphate of ealcinm, and sulphate of lead. Merciuio iodide 
dissolves in cold aqueous hyposulphite of sodium, and the solution when heated 
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clepoaits red sulphide of mercurjr free from iodide. — Cuprous and cupric hydrates 
dissolve in the sime salt at. ordinary temperatures, and are precipitate on heating 
(Field, Chem.Soo Qu.J XTi.28, Jahresb. 1863, p. 179) — AecordingtoDiehl(Jahreab. 
1860, p. 78), the ferroeyanides of isinc, manganese, cobalt, nickel, cadmium, and tin are 
insoluble m aqueous hyposulphite of sodium , 'whereas those of potassium, copper, 
load and silver, and the ferrieyamdes of silver and mercury, are dissolved by it. The 
•white precipitate formed by ferroeyanido of potassium in ferrous salts is not dissolved 
by It; the Prussian -blues are converted mto a 'wbite compound — The allcahne 
cyanides and ferroeyanides are converted, by fusion with the hyposulphites of potassium 
and sodium, into sulphoeyauatos. (Frohde, p. 614 ) 

Solutions of hypoaulphiteB give, with mts-mme, plumbic and argentic salts, white 
precipitates of matallie hyposulphites, which speedily become yellow, brown, and black, 
especially if heated, owmg to the resolution of the hyposulphite into metallic sulphide 
and siilphurio acid ; 

Ag=S0>.H»0 =. Ag'S + H»SO*. 

With stannous chloride they give off a brown, and with merewrovs nitrate, nicM-salts, 
and cobalt-salts, a black precipitate of metallic aulphide. — With ferrous salts they 
give no precipitate, even at the boiling heat, under the ordinary atmospheric pressure ; 
but by prolonged heating to 130° — 140° in sealed tubes, the iron is completely 
precipitated os sulphide — Zinc is but partially precipitated even at 120°, and 
manganese not at ^1, unless non is also present, in which case a manganiferons 
sulphide of iron is thrown down under increased pressure (Wolcott Gibhs, Sill 
Am J. xxsvu, 346 , Jahresb. 1864, p 188). — ^When a soluble hyposulphite is boiled 
with an alimimum-salt, alumina and sulphur are precipitated, sulphurous oxide is 
evolved, and the acid of the aluminium-salt remains in solution combined with the 
base of the hyposulphite (Ohancel, i. 186), e.g : 

SNa^S'Qs -H Al=(SO*)» = A1“0‘ + S» + 3SO’ + SNa’SO*. 

According to Gibbs, the precipitation is accelerated by heating under increased 
pressure, and the precipitated alumina is then insoluble m dilute sulphuric acid, aud 
nearly insoluble in cold concentrated hydrochloric acid. 

Hyposulphites heated -with hgdrochhrta acid, give off.sntphurous oade and deposit 
sulphur, -wlneh in this case is yreUow, not white, as it usually is when precipitated 
from solution When treated ■with lodme, they form a metallic iodide and a tetra- 
thionata, thus : 

2EaW + P = Ba'P - 1 - 

These two reactions distinguish hyposulphurous ftom sulphurous acid. The reaction 
with iodine is sometimes used for the volumstrio estimation of that substance 
(Brown, Ohem. Soc. Q,u. J. x. 71) — Hyposulphites treated with hypoehlonte of 
eodiim, or -with chlorine in presence of water, are completely converted into sulphates 
oven at ordinary temperatures , e.g : 

Na'3>0« -h 01* 6H»0 = 8HC1 + 2NaHSO*. 

HTOOsulphites are oxidised by permanganate of potasdum, and cou'vorted into 
sulphates gnd hyposulphates • in an alkaline solution, 1 at. hyposulphite of sodium 
takes up exactly 4 at. oxygen, and is converted into sulphate; Ka*S’0*H“0 -e O' = 
2NaHSO' (fian -do-St-Gilles, Ann. Ch Phys [3], Iv. 374; Jahresb. 1868, 
p. 683). Neutral chromates are not decomposed hysodic hyposulphite even at the 
boiling heat, but acid chromates are reduced to neutral chromates, especially on 
heating, with separation of CrO^ (E Kopp, Jahresb 1864, p 233) 

Hyposulphites treated -with ztno and hydrocUonc acid, yield free sulphur and a 
large quantity of sulphydric acid. This reaction is extremely delicate, serving, 
accordingto E. J Reynolds (Chem News, viii 283) for the detection of 
of sodio hyposulphite in a solution, if a piece of paper moistened with acetate of leail 
he exposed to the evolved sulphydnc acid. 

All hyposulphites are decomposed by boat, those of the alkali-metals into a poly- 
sulphide and a sulphate , e g. 

4NaW> = 3Na*30' + Na»S» 

Those which contain water of eiystallisation {e.g , the potassium-, sodium-, and jarium- 
salts) do not give it up till they are heated nearly to the point (about 220°) at which 
decomposition begins. (Pape, Jahresb 1864, p 67) 

To detect hyposulphurous acid in presence of sulphydnc acid or a soluble sulphide, 
the solution is made neutral and precipitated by a ziuc-salt, the sulphide of zinc 
filtered off, and the filtrate tested for hyposulphurous acid 

Soluble hyposulphites, especially the sodium-salt, are much used for fixing plioto- 
graphlo pictures, 'which they effect by dissolving out the chloride of silver which liaa 
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not been acted upon by light The sodium-salt is also largely employed as an 
antieiilore, Jot remoTmg the last traces of chlovuiB &om bleached fabrics On the 
use of soluble hyposulphites as mordants in cahco-printing, see E. Kopp (Dingl pol, 
J. cl. 383). 

Byposulpblte of Ammonliiin, 3(Nff)’SWH'*0 (Bammelsberg), is obtained 
by decomposing the calcium-salt with carbonate of ammonium, and separates, by 
evaporation, in very deliguesccnt needles or rhombic plates. 

Hstpogulphito of Barium, Ba"S®0''.H’‘0 or Ba"ffS“Oh is obtained, by miring 
the solution of the sodinm-salt with acoUite of barium, as a white precipitate, the 
separation of which may be completed by addition of alcohol. It retains its water of 
erystailieation with great tenacity (H Rose, Pogg. Ann xri. 4:37); gives it off at 
216°, and decompoaes at 220° — 226° (Pape) The anhydrons salt, when heated to 
redness, gives off sulphur, and leaves a residue of sulphide, sulphite, and sulphate of 
barium (Rammolsberg, Pogg. Ann Ivi. 300)- 

SBa-SW = Ba"3 + 2Ba"SO» + 3Ba’'80‘ + S“. 

Byposulphlte of Cadmium, obtained by miring the solutions of oadmio sul- 
phate and baric hyposulphite, is extremely soluble in water and in alcohol, and when 
concentrated by evaporation decomposes before sohdifying. 

Hyposulpnlte of Caiolnm, Ca"S'0’.6H'*0, or Ca"H*S*0' 6H’0, — This salt is 
iisnaUy prepared by boiling sulphur with milk of bme, and passing sulphurous arid 
gas into the solution of calcic sulphide thereby produced, tiU it becomes colourless and 
neutral : 

2Ca"S + 3SO’ =. S + 20a'TO». 

On evaporating the solution, at a temperature below 60°, the hyposulphite of caloinm 
crjttnllises out (He rschel). This process is used on the largo scale. 

The sulphide of calcium contained in soda-waste or gas-Iime may be converted into 
hyposulphite and snipliite by atmospheric oxidation Messrs. Townsheud and 'Walker 
employ for this pvtrpose the soda-waste obtained in the lixiviation of enide soda (i. 798 , 
V 326), which contains a considerable quantity of lusoluhle calcic sulphide. The orida- 
tiou is effected by exposing the waste, in a state of dampness, to the air for some days, oc- 
oasionaUy turning it over and sprinkling it with water, or with solution of oaloio sulphide. 
■VVlien fnlly oxidised and lixiviated with water, it yields a solution of calcic hyposulphite 
and sulphite, the former salt predominating If the product is lixiviated before the oxi- 
dation 13 oomplete, a yellow solution is formed, conhiining sulphide of calcium as well 
as sulphite and hyposulphite. The complete oxidation may then be effected by causing 
the yellow solution to percolate slowly through a tower tilled with, lumps of coke, and 
having opoiiingB at the lower part to admit the air. The sulphite and hyposulphite 
of calcium tlius produced may be obtained m the solid form hy evaporatron, or merely 
brought down to the state of' concentrated solution, and m either case used as an anti- 
clilore. Or the solution may ho mixed with sulphate of sodium, whereby a solution of 
sodic sulphite and hyposulphite is obtained, together with a precipitate of ealcio sul- 
phate Containing small quantities of sulphite and hyposulphite. This precipitate, dried 
at a temperature not exceeding 100° C , constitutes the product called “ precipitated un- 
tiehloi'o,” It has been found very valuable in the manufacture of paper, as the hydmted 
calcic sulphate gives weight and body, while the sulphile and hyposulphite destroy 
any chlorine present in the paper-pulp (see Richardson and Watts’s Chemical 
Technology, vol i pt iii. p 39). — h. somewhat similar process has been patented by 
lull ion {ibid, p, 42), who however subjects the calcic sulphide contained in soda-waste 
or gas-limo only to partial oxidation, whereby he obtains a yellow solution called “ sul- 
phuretted hyposulphite of hme,” consisting chiefly of calcic sulplude and hyposulphite. 
This solution may be decomposed hy a strong acid, whereby sulphur is precipitated, 
and a mixture of sulphurous and sulphydrio acid gases is given off, which may be 
utilised in various ways , or the sohiuou may be treated with sulphurous acid gas, 
whereby sulphur is precipitated, and the whole of the calcic sulphide converted into 
hyposulphite 

Hyposulphite of calcium may also he prepared hy deeoaposnig chloride of oaleium 
with hyposulphite of sodium, m hot concentrated solution. The liquid, as it cools, 
deposits a laigo quantity of sodio chloride, and if it he then concentrated at a tempe- 
rature below 50°, and allowed to cool to 30°, after all the sodic chloride has separated 
out. It yields crystals of pnra calcie hyposulphite. (K o s al er.) 

Hyposulphite of calcium orystallises in large, eight-aided, triclinic pnsms, exhibiting 
the combination ooP, cepao , coP® , oP (Kopp’s KrystaScgTaphic, 2ta 

Aufiagp, p. 239) It is easily soluble in water, and is decomposed, on heating the 
bohitiou to 60°, into sulphate of calcium and fee sulphur. 
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Byposulpblte of Cobalt, Oo' S’O* 6H’0 or Co'lI’S“0*.SH®0. — Obtamed, as a 
dark-red crystalline mass, by mmng the solutions of eobalt-sulphats and strontiuia- 
hypoBulpbito, and evaporating. (Kamtuslsborg.) 

Byposulpbltes of Copper. — Neither cupric nor cuprous hyposulphite is known 
in the separate state ; but some double salts of cuprous hyposulphite with alkaline 
hyposulphites have been obtained by mixing the solutionB of the latter with cupric 
salts. Their solutions are colourless, have a sweet taste, yield with alkalis a precipi- 
tate of cuprous oxide, and are decomposed by heating with acids. — A. potamnm-talt^ 
Cu^K'^S'D" 2H’0, separates on mixing the solutions of potassio hyposulphite and cupric 
sulphate or acetate, as a yellow precipitate, which soon turns black, from formationof 
sulphide of copper, and is completely decomposed by water into sulphide of copper, 
sulphurous acid, and sulphuric acid. The solution of this double salt in hyposulphite 
of potassium deposits, on addition of alcohol, an oily hqmd, which sohdifies to a white 
salt having the composition Cn’K“S“0*® 3H’0 (Rammelsberg) — A aodium-salt, 
containing 0u'Na^S‘"0'“.5H^O (Lena), is obtained, hke the first-mentioned potassium- 
salt, as a yellow crystaUine precipitate, which it is best to wash with water containing 
acetic acid. From its solution m hyposulphite of sodium, alcohol throws down a white- 
salt, Cu“Na®S®0‘®.2H*0 — According to Schutte (Oompt rend. xlii. 1267), a salt 
having the composition (Ou® , Cu")Na*S''0*,NE*, is obtained, in small violet needles, 
by adding a concentrated solution of sodio hyposulphite to an ammomacal solution of a 
oupno salt. The crystals are permanent in the air, give off ammonia at 100°, and are 
decomposed at a stronger heat, also by cold water — ^H. Peltzer (Ann Ch Phann. 
oxxvi. ^1 i oxxnii 187; Jahrosb. 1863, p 277) desenbes a salt having the composition 
Ou’Ou"Na'S“0'“,2NH®, as separating in dark-blue needles or prisms, from a solution oi 
cupric sulphate and sodio hyposulphite in ammonia, or as a violet powder on mmng 
hqual volumes of the solutions of cupric sulphate andsodic hyposulphite both saturated 
with ammonia. It is decomposed but nqt dissolved by hot water, dissolves in ammonia 
and in sodio hyposulphite, and, when heated with potash-ley, yields a precipitate of 
oupno and cuprous oxides Acetic acid dissolves the salt •with yollowish-gieon colour, 
and alcohol throws down from tho solution, firsts white, then a canary-yellow, tolerably 
permanent salt, not containing ammonia. Hyposulphite of sodium produces in the 
acetic solution, after a while, a heavy white precipitate of a cuprous salt containmg 
tetrathionic acid. A strong solution of silvor-mtrate forms, m the same hquid, first a 
grey precipitate, which soon redissolves , then a precipitate which dissolves with blue 
colo-nr in ammonia, qniekly decomposes -with formation of silver-snlphide, and gives the 
reactions of oupno oxide, silver, and hyposulphnrous acid. 

Hyposulphites of Gold. — Sodto-auroua !iJ/posulphic, AnNa’S<0“.2H’0, is pro- 
duoed by mixing the solutions of auric chloride and sodio hyposulphite, and adding 
alcohol. Its aqueous solution yields, -with chloride of horiinu, a gelatinous precipitate of 
bwto-aurous hpposulphtte, AtfBa'S'O” ; and this salt, decomposed by sulphvtne acid, 
yields nnorystallisable hydrated aurous hyposulphite. A sodio-auno hyposulphite 
appears also to be formed by dropping a neutral solution of auric chlonde into a solution 
of sodio hyposulphite (Fordos and G41is). SoeGoiJi(u 931) 

Byposulphltes of Iron. — The /cmc salt is not known —Ferrous hyposidphite, 
2F6''pS-^0b6H''0, is produced, together with the sulphite, by dissolniig iron in aqueous, 
sulphurous acid. Ou evaporating the solution, or mixing it with alcohol, the sulphite 
separates out, and the mother-hquor, when further evaporated, yields crystals of ferrous 
hyposulphite, which are more stable than those of the sulphite, and may be kept 
unaltered if excluded from the air. Rammelsberg obtained the salt in small green 
crystals, mixed with a basic ferric salt, by mixing the solution of ferrous sulphate with 
hyposulphite of barium or strontium On attempting to concentrate the salt furtbor 
in contact with the air, a small quantity of feme salt is. first formed, which then acts 
upon the hyposidphite, converting it into ferrous tetrathionate, and the latter is resolved 
by further evaporation into ferrous sulphate, sulphurous acid, and sulphur. (Fordoa 
and Gdlis.) 

Hyposnlphlte of Xead, Ph"S’0“, is a white precipitate, very spanngly soluble 
in water, hut dissolving in alkaliue hyposulphites, with formation of double salts. It 
may be dried at 100° without decomposition . but at a stronger heat, it blackens and 
gives off sulphurous oxide, and leaves a residue of sulphide and sulphate of lead. When 
heated in the air, it glows like tinder 

Ammonio-plwmbw hyposulphite, Pb"(HH*)*S“0” 6H’0, separates by spontaneous 
evaporation from its solutson, obtained as above, in rhombic prisms shortened into 
tables. It dissolves in water without immediate decomposition, hut the solution 
becomes cloudy after a while, from separation of plumbic hyposulphite , when heated, 
it yields sulphide of lead. — Bano-plundnc hyposulphite is a sporinglj soluble salt. 
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obtained by precipitating the solution of one of the alkaline double salts with acetate 
of bamirm. — Caloto-^umMc hypasufyUte, Pb"da’S‘'0",4H*0, js obtained in like manner 
as a crystallo-granulac precipitate. — Potusm-plumbw hyposulphite, Pb''K^S®0'',2H’0, 
IS prepared by agitating the rScontly precipitated lead-salt with a dilute and warm (but 
not boiling) eolation ot potasaio hyposulphite. On cooling, the entire h'puid aolidifles 
to a thick magma of smiill crystals, which must be purifl^ by expressing the mother- 
liquor, us they are decomposed by solution in water, the simple lead-salt then sepa- 
rating in orystallme spangles. The double salt dissolves easily in hyposulphite of 
potassium, and the lead is but slowly precipitated from the solution by sulphunc acid, 
sulphur being precipitated at the same time , the Bolution is not precipitated by 
soluble Bulphetea ~Sadio~plwnhui hypomlphte is prepared in a similar manner. The 
sttontio-plumbio salt is not crystalline, but separates from solution as a syrupy mass. 

ByposrapMte of OTagneelum, Mg"S'‘0’ 6ffO or Mg'H’S’O* 6H-0, is prepared 
by boiling a solution of magnesic sulphite with sulphur, and evaporating over oil of 
■vitriol. It forma small triclinic crystals, permanent iu the air, and easily soluble. 
"When heated, it melts, gives off water, sulphur, and sulphurous acid, and leaves when 
ignited a mixture of magnesic sulphate and sulphite with pure magnesia. Jullion 
prepares it by hoilmg pulverised soda-waste or gas-bme with carbonate of magnesium, 
whereby carbonate of calcium and insoluble sulphide of magnesium are produced, 
rendering the latter soluble by boiling it with sulphur or an alkaline polysvdphide, 
and converting the soluble sulphide of magnesium into hyposulphite by treating the 
solution -with sulphurous acid. — Ammomo-magnesu) hypomlphits, 

6H'0 , 18 obtained by decomposing ammonio-magncsic sulphite with hyposulphite of 
strontium. The concentrated solution bocomes turbid when heated, and when cooled 
below the freezing-point of water, deposits vniy deliquescent crystals (Kessler) — 
Foiassio-maffnesio hypostilphte, Mg'’K^S*0* 6H’0, is deposited finm a hot solution of 
equivalent quantities of potassic and magnesic hyposulphites, in very soluble deliques- 
cent crystals, which may be obtained of considerable size by immersing previously- 
formed crystals in theconeentrated solution. 

Hyposulphite of Kanganege is tnown only in solution, and is produced by 
decomposing the barium- or stoontavun-salt with manganous sulphate; also (according 
to Eammelsberg) bydiesolving recently precipitated sulphide of manganese in 
aqueous sulphurous acid. It is decomposed by evaporation into sulphur and man- 
ganous sulphur. 

Hyposulphites of IHerourjr. — Poiasaio-meroiinB hyposidphU, is 

pto&ced by dissolving mercuric oxide m hyposulphite of potassium. The liquid 
becomes warm, and on cooling deposits the double salt in colourless, sparingly soluble 
prisms Acids decompose it, separating sulphur and sulphide of mercury. Iodide of 
potassium does not precipitate mercuric iodide from the solution. — AmiTumio-mercuno 
hyposulphile, which is very easily docompoaibla, is separated from its solution by 
alcohol m colourless prisms. — The sodio-meraurio salt is not orystallisable. 

Hyposulphite of Nlcltel, Ni"S'0*.6H*0 - Ni"ffS®0* 6H»0, prepared like the 
cobalt-salt, separates, by evaporation over oil of vitriol, in green triolimeorystals, which 
when heated give off water, sulphur, and sulphurous acid, leaving sulphide of nickel — 
Ammonutcal Hyposulphite o/NtcM, Ni"S*0*.4NH*.8H.*0, is obtained, as a blue crystal- 
line powder, when the blue ammonmeal solution of the preceding salt is mixed with 
alcohol. It decomposes quickly when exposed to the air. 

Kyposulphlteg of Blatinum. — Neither platinous nor platinio sulpbite is known 
in the sepiirato state. — Sodio-^atmom hyposalphte, Pt''Na"S’O‘*.10H=O, is produced 
by dissolviiig ammonio-platinous chloride in a strong solution of sodio hyposulphite , 
and may be separated, by addition of absolute alcohol, as a dense, yellow, oily liquid, 
which gradually solidifies to a yellow eiystalline maes Wsen ptmfiod by two more 
precipitations with alcohol, it forms a yellow noncrystaUlne mass, veiy soluble in water. 
Its solution IS decomposed by hydrochloric acid, slowly in the cold, quickly when 
heated, with deposition of platinous sulphide and evolution of sulphurous oxide. It 
is not decomposed by caustic soda, or by sulphuretted hydrogen. (Schottlander, 
Ann. Ch Pharm cxl. 200 , Bull Soo Ohim. 1867, i 403.) 

Hyposulphite of Potassium, K‘S'0*.— -This salt, which crystallises with various 
proportions of water, is prepared by boiling a concentrated solution of potassic 
sulphites with excess of sulphur, or by adding a hot solution of potassic dichromate by 
small portions to a hot solution of potassic pentasulpliide, -waiting after each addition 
till the separated chromic oxide has acquired a pui-e green colour (Bopping Kessler). 
If the solution obtained by either of these methods be evaporated to 80“ the salt 
ciyslalliseB in very thin four-sided prisms, containing 3K*S-'0hIt-0. These crystals 
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lire vary soluble lu water, and deliquescent, but insoluble in alcohol. They give off 
their water at 200°, and the anhydrous salt decomposes, at a higher temperature, into 
a mixture of 1 at potassic pentasulphide and 3 at potassic sulphate. (Uammels- 

The mother-liquor decanted from these prisms yields, if briskly stirred or shaken 
when cold, a quantity of small granular crystals . and if these he redissolved in the 
solution from which they have separated, with addition of a little water, the liquid on 
cooling deposits large eolonrloss crystals, having arhombic octahedron for their primary 
form. They contain 13 62 per cent water, and, according to Kessler, consist' of 
3K^S=0®,6Bt’0,or SKHSO^H^O, acooidmg toDopping,of 2K''S'O».3H20or4KHS0’, 
H-0 These <»stals do not deliquesce in moderately damp air, but effloresce imme- 
diately over oiTof vitriol, or when heated above 40° This salt dissolves very easily in 
water, and with great depression of temperature , the solution is neutral, and remains 
unaltered even lu contact with the am. Sometimes those octahedral cTOtals separata 
directly from solution either before or after the prismatic crystals, and they ire always 
formed when an octahedral crystal is immersed in a solution of the salt evaporated at 
30° 

Dapping mentions also a prismatio salt containing 8J per cent, of water, and 
having the composition K“S*0“,H''0 or KHSO’ ; this, however, Kessler was not able 
to obtain 

Plessy’s salt, K’“S=0®.2H’0 = 2KHSO® H’O, is regarded by Kessler as identical 
with the octahedral salt. 

The compound K'S-O^H'g"Oy was once obtained by Kessler, on muring the solu- 
tions of equivalent quantities of pota-ssic hyposulphite and morcurio cyanide, adding 
alcohol after a crystalline precipitate (probably consisting of potasaio-mercuric hypo- 
sulphite and potassio-mercurre cyanide) had separated, and evaporating the mother- 
hquor in a vacuum. It cryatalhses in large four-sided prisms, which give off 2 per 
cent, water over oil of vitaol. 

Bypoaalptiite of Silver.— This salt, on account of its extreme instability, is 
scarcely known in tho separate state , hut it forme two senes of double salts, K'‘Ag’S“0’ 
and BAgS-0® (R denoting an ollcah-metal), prepared by dissolving eilver-oxido in 
an alkaline hyposulphite, or by adding chloride or nitrate of silver to the solution of 
the allcaline hyposulphite The salts of the first senes dissolve easily in water, and are 
precipitated therefrom by alcohol; hut those of the second series are insoluble or 
sparingly solubls in water, and separate, in crystalline or plverulent form, when the 
salts of the first series are treated with an additional quantity of silver-salt. 

These insoluble double salts dissolve easily in ammonia, and the ammonmcal solntions, 
as well as the aqueous solutions of the double salts of the first senes, have an intensely 
sweet taste The solutions maybe used for silvering ; the silver cannot be detected in 
any of them by hydrochloric acid All these double salts decompose easily when heated, 
yielding sulphide and sulphate of silver ; hence, in preparing them, the temperature 
must he kept as low as possible They are likewise decomposed by alkahs, and by an 
excess of the alkaline hyposulphite 

Sadio-argentio hyfoaulphie, Ag-Ka'S'C* 2H-0, is produced by dropping a solution 
of sodiq hyposulphite, with constant stirring, into a solution of silver-mtrate, till a 
permanent precipitate is formed, and separates in shining Uminse on adding alcohol to 
the liquid. If, instead of adding alcohol, the addition of tho silver-salt be con- 
tinued, the salt, .^gNaS'OfrlX^O, separates in flocks, which soon become crystalline. 
(Herscliol, Lenz ) ■ > 

Tho ammonio-, pota^sio-, ealcio-, strontio-, and plumbo-argentie byposulpbites may 
be prepared by similar processes. (Hersohel.) 

Hyposulphite of Sodium, Na’S’0".6H'0, or NaHS0’.2H*0 — This salt, which 
IS extensively used as an anticliloro, and for fixing photographic pictures, is pre- 
pared — 1. By boiling sulphur with soda-ley, and passing sulphurous gas into tha 
solution till it IS completely decolorised (p 630) — 2. By igniting sulphate of sodium 
with charcoal, at a temperature not high enough to fnse the mass, moistening tho 
pulverulent carbonaceous muss with water, and subjecting it to the action of sulphu- 
rous acid gas (Antlion, Pharm Centr 1846, p. 414) 

3 By roasting a mixture of sulphur and sodic carbonate in a sulphur-fumaeo, and 
adding the product to a boiling solution of sulpbiir in caustic soda-ley, till the liquid 
becomes colourless. The clarified solution is then evaporated in iron pans, and the 
sulphate of sodium which separates is continually taken out The concentrated liquid 
deposits hyposulphite of sodium m large pure crystals, and the mother-liquor, mixed 
with eaustio soda, is used for dissolving fresh portions of sulphur. (Jahresb. 1862, 
p 664 ) 

4. By decomposing the hyposulphite of calcium obtained from soda-waste or 
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gas-lime (p 632) with carbonate of sodium, and evaporating the filtered solution to 
the orystaUising point. (Richardson and Watts’s Clmntcal Technology, voL i. pt iv. 
p. 185.) 

Hyposulphite of sodium forms hirgo, well-defined, monochmo crystals, usually eshi- 
hibng the combination oaR [ooP2] . [ooRoo] . oP . [P<n], ^sowitb + P and 
other faces subordinate. Axes a 5 ■ c = 2 8507 ■ 1 0‘7826. Angle 5 . c = 76° 2' , 
ocP . ooP(orthod) = 37° 36'; [ooP2'l • [ooP2] (orthod ) = 68° 30'; fPeo] 
rPoo] (clinod ) = 150° 10'. The cryshils have a specific gravity of 1-672 (Buignet), 
dissolve easily m water, but are insoluble in alcohol Respecting the spocifie gravity 
of its solutions, see Soliiff (Jahiesb 1869, p. 41) The aqueous solution cannot be 
preserved unaltered even lu closed vessels, but deposits sulphur, ani(|(is partly con- 
verted into sulphate of sodium , in contact with the nir, it is gradually but completely 
oxidised to sulphate. The dry salt when heated gives off sulpliui', and leaves a mixtui-e 
of sulphide and sulphate of sodium. The crystals melt in their water of crystaUisatiou 
at 66“', and if the fusion he performed in a small glass fiask, the temperature 
raised to the boiling-point, the flask then immediately closed, and left to cool quickly 
on a surface which conducts heat slowly, the salt will remain liquid even at ordinary 
temperatures ; but on immersing the bulb of a thermometer, or oiopping a crystal into 
it, the whole will instantly solidify to a ci 7 stalline mass, with a rise of tempeiature 
which may amount to 25°. (Bottger ) 

A saturated solution of sodic hyposulphite dissolves gypsum with moderate facility 
at ordinary temperatiu-os, moie quickly when gently heated, forming a sodio-caloio 
hyposulphite, which is precipitated by alcohol, together with excess of sodio hypo- 
sulphite, us a heavy oily liquid, which solidifies lu needle-shaped crystals This 
reaction affords the means of separating sulphate of calcium from sulphate of barium, 
which 18 not dissolved by hyposulphite of sodium (Diehl, J pr. Chem. Ixrix. 430 , 
Jahresb. 1860, p. 78). Por the reactions with other metullic suits, see p. 631 

Byposulphite of Strontium, Sr"S-'0’.6E''0, is prepared hke the barium-salt 
Alcohol precipitates it from its soluliou in needles having a silky lustre , but even 
without the aid of alcohol, it separates in veiy large crystals. It retains 1 at water 
at 180°, and, according to Kessler, the mouobydiated salt is likewise obtained in 
small crystals, by evapoiating the solution at or above 60°. 

Hyposulptalte o< Thallium and Sodium, TW7a“S"’O'*,10H''O or 
3Na"S*O*.10H''O, is formed by dissolving chloride of thallinm in boding aqueous 
hyposulphite of sodium, and crystallises in long, silky, interlaced needles, — or from a 
small quantity of water in small granules (containing an iinkaown amount of water). 
At a red heat, it is resolved into sulphide of sodium, sulphate of sodium, and sulphide 
oftliallium. (G. Wert her, J pr Chem xci 386.) 

ByposolpUite of Zinc, Zu'S’C®, is produced by decomposing the barium-salt with 
sulphate of zinc; also, though with difficulty, bypassing sulpWous acid gas into 
water in which sulphide of zinc is suspended (Eammelsb erg) ; also, together with 
sulphite of zme, by dissolving zine in aqueous sulphimoas acid (Mitscherlioh) 
The sulphite crystallises out, and may be completely removed by alcohol ; or (according 
to Borzeliua), it may be wholly converted into hyposulphite by digesting the solution 
with sulphur. 

Hyposulpluto of zine cannot be obtained in the crystalline form, but (according to 
Koue) it IB precipitated by anhydrous ether from its aqueous solution, as an oily liquid, 
winch dries up in a veenum to a gummy deliquescent muss The concentrated solution 
IS gi-adually decomposed by exposure to the air, sulphide of zme being separated, while 
tritliiouate of zine remains in solution • 2Zu"S=0'' = Zff'S + Z^'S'C” (Fordoa and 
Gdlis, Compt, rend xvi 1070). The solution is also decomposed by heat into sul- 
phuric acid, sulphurous acid, sulphide ot zinc, and sulphate of zine. 

Hypoitulfluie of Ztnc-ammonuim, (N*H“Zn)"S-0'‘, is produced by heating hyposul- 
phite of zme with ammonia, and separates from the solution in slender crystiua (Ram- 
melsberg.) 


Sithionio Compounds. 


Ditkionic or Htposulphueio Aotn, S'S^O". CWelter and Gay-Lussac, 
Ann. Ch. Pliys [2], x. 312, — ^Hecren, Pogg, Ann vii. 66 — ^Rammelsberg, ihij. 
Iviii. 296.) — 'This acid, discovered by Welter in 1819, is produced as a manganous salt 
by the action of aqueous sulphurous acid on mangauio peroxide • 

MnO* + 2H’S0» = Mn''S*b« + 2H®0. 


To prepare the acid, sulphurous oxide gas is passed through water in which finely- 
divided manganic peroxide is suspended, as long as it continues to be absorbed. 
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Dithionate and sulphate of mangonoae are then formed, the dithionate being the prin- 
cipal product, provided the temperature bo kept down , at higher tenlporatmcs, on the 
contrary, scarcely anything but Bulphato is produced On adding hydrate of barium 
to the impure solution of manganous dithionate. hydrate of manganese and sulphate 
of barium are precipitated, while dithionate of barium reraama in solution; and by 
carefully precipitating the baiinm with an exactly enffieient qnantity of snlphimic acid, 
a solution of dithionie acid is obtained, which may be concentrated in a vacuum over 
oil of vitriol, till it attains a speciilc gravity of 1 347 (Q-ay-Lussao, Heeren) 
G41iB (Ann. Gh. Phys. [3], by. 222) paBses Bulphurous oxido through water in 
which ferric hydrate ia auspended, whereby a solution of feme sulphite, £'6\S0“)^ is 
produced , and this solution, when kept m a closed vessel, acquires after some time a 
light-gi'een colour, and then contains a mbture of ferrous sulphite and dithionate • 
Po^CSO')' =. ]?e''SO” + Pe-'S^O'. 

From this solution, the dithionie acid may be separated, by means of hydrate of 
harium, &o , in the manner above described 

Dithionie acid, when concentrated as' highly as possible, is an inodorous, strongly 
acid, hydrated liquid, of specific gravity 1-347 ; on attampti^ to concentrate it further, 
it ia resolved into sulphuric acid and sulphurous oxide • ■= H’SO* + SOh 

The dilute acid decomposes in the same manner at higher temperatures. In contact with 
the air, dithionie acid ia gradually oxidised to sulphuric acid , the same change Is pro- 
duced by heating it with iiitrio acid, chlorine, or manganic peroxide. 

Dithionates or Hyposulphates, — These salts, investigated chiefly by 

Heeren, are all soluble in water, and are easily prepared by decomposing the bariiini- 
aalt witli the correapouding sulphates. The dithiouates of the alkali-metals may also 
he obtained by dissolving the carbonates in sulphurous acid, hoihiig the neutral solution 
with finely puhensed manganic peroxide, and leaniig the filtrate to crystallise 
(C. T Hauer, J. pr Cbem Ixxx. 229). They are likewise produced, together with 
hyposulphites, when selenium is dissolved in an alkaline sulphite (Hathke and 
Zschiesohe, p 630 ) 

The dithionates are permanent at ordinary temperatures, both in the solid state and 
in solution; but when heated, in some eases even at 100°, they give off sulphurous 
oxide, and leave a residue of neutral sulphate. The solid ditluonates are 'decomposed 
by strong iulphwio add, at ordinary temperatures, with brisk evolution of sulphurous 
oxide , the solutions, mixed with auMmne or hydroohlorjc aaid, are decomposed at the 
boiling heat, yielding sulphurous and sulphuric acids, mllmit separatum of sulphur 
this reaction is ehiiraoteristic of the dithionates. A solution of poiassic nuenpanaie 
mixed with sulphuric acid is decolorised when boiled with a dithionate Solid di- 
tluonatea ate decomposed by phosphor to oxycMoride only when heated. The dry sodium- 
salt, distilled -vilh. phosphono pmiiOLUoTuU, yields a distillate consisting of phosphoric 
oxj chloride and sulphurous chloride, SOCF (Kraut, Ann, Ch Pliorm. cxviii 95.) 

Dithionate of Aluminium separates from its solution by alow evrooration in 
small crystals, mixed however with a considerable quantity of sulphate. (Heeren.) 

Dithionate of Ammonium, (NH’)^S'0“,H®0, forms indistinct capillary crystals, 
very soluble m water, insoluble in alcohol 

Dithionate of Barium, J3a"S’0“, prepared as above described, crystallises from 
the hot saturated solution on cooling, in crystals containing Ba"S-0* 2H''0, which, 
according to Sinarmont (Jahrosb 1867, p. 142), are triinotrie, exhibiting the com- 
bination cofoo . ooJ’oo . jP . oP iP» . jSto , and having the axes a . h • c = 
0 7199 J : 0 6920 , angle P ■ cof-oo = 128° 20' , P . oP « 130° 10'. Eammols- 
berg also found them to be tiimetric with neaily the same ratio of the axes. Hut, 
accordiug to the measurements of v Lang (’Wion Akad Her [2], xlv 27 ; Jidiresb. 
1862, p 126), made upon well-developed specimens, those dihydrated crystals ore 
monoclmic, oBiibiting the combination oP .[ ooPoo ] . +2Pco IPoo] . +2P. [AP2] 

. [ooP2] +P . +[P|] . -[P|]. Axes a ; 6 • o = 1 . 0 9343 1'4030. Angle 

6- c - 110° 37'; oP +Pco =. 108° 22', oP ; +P = 103° 45'. +P [P® ] - 
132° 12'; [iP2] +2P® - 116° 14' ; [P3] [P®] = 118° 41', [Pf] . +P = 
143° 22'. — A tetrdhydraie, Ba"S’0“ 4H 0, is obtained, by spontaneous evaporation, in 
distinct, sbining, monoohnio crystals, winch efiloreaee quickly on exposure to the air. 
(Hoeren, Marignao). Dithionate of barium serves, as above mentioned, for the 
preparation of the other dithionates 

Dithionate of Barium and Magnesium, Ba"Mg"S^Oh'.4H’0, is obtained (according 
to Sc hi ft, Ann. Ch fharm ov 239), by precipitating half the barium from baric 
dithionate with sulphuric acid, saturating the filtrate with magnesia, and evaporating , 
the double salt then separates on ooolmg in crystalhne geodes, which give off their 
water completely at 90°. 

Dithionate of Barium and Sodium, Ba"Ka’S*0'’ DH®0, is produced (according to 
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Schiff), by deeompostag the bannm-salt mth a calculated quantity of sodie sulphate. 
Kraut (Ann. Oh. Ph.irm cxfiii. 95), by mixing equivalent quantities of bane and 
sodic dithiunates, obtained large transpareut crystals, with curved edges and convex 
faces, containing Ba"lTa'S*0'“ iffO, uhich were permanent in the air, and not resolved 
into the oomponant salts by recrystalbsation ; he regards the salt obtained by Sohiff as 
merely a mixturo. 

Dithionate of Oadimuni is obtained, as a crystalline deliquescent mass, by 
evaporating a solution of the carbonate in dithionic acid (Hoeren). It issolves in 
ammonia, and the solution on cooling yields a cryshilline powder, consisting of the 
salt Cd’S-0'4NH” mixed with hydrate of cadmium (Kammelsberg.) 

Dithionate of Oalotum, Ca”S“0“ 4H'0, prepared like the barium-salt, crystal- 
lises by spontaneous evaporation in tabular cryatals, belonging to the hexagonal system 
and exhibiting the combination oP : P {fig 239, li. 139) Length of principal axis => 
1‘486. Angle? P (terminal) = 128° 49'; P . P (lateral) = 118° 30' According 
to Norren berg, they are optically negative. They are permanent in the air, and in- 
Bolublo in alcohol. (Heeron ) 

The Dithionates of Cerinm, Lanthanum, and Didymium, obtained by 
double decomposition, are crystalliaable. 

Dithionate of Chromium, C^S'D'", is obtained by dissolving chromic hydrate 
in aqueous ditliioaic acid. 

Dithionateof Cobalt, Co"S-0.“.6H®0, separates on evaporation in rose-coloured 
crystals (Heeren). By treating the solution with ammonia and evaporating, Eam- 
melsbeig obtained the salt W0*.2S‘0‘ lONH", m small rectangular prisms, which after 
a while turned brown, and lost their lustre. 

Dithionates of Copper — The normal aipric salt, 0u"S'0®.4H*0, forms small, 
rhombic, efflorescent prisms. — Xbaeicsali, Ou'’S''0“ 3Cu"0 4H''0, is obtained, as a bliie- 
gteen precipitate, on mixing the solution of the normal salt with a small quantity of 
ammonia (Heeren). — An ammoniacal cupnc dithionate, Cu"S''0*.4NH*, is obtained in 
thin, tabular, violet-bluo prisms with oblique end-faces, by supersaturating the solution 
of the normal cupnc salt with ammonia (Hoeren) 

Dithionates of Iron. — A basic feme dithtonaie is produced (according to 
Heeren), by treating recentlyprecipitated ferric hydrote with the aqueous acid, which, 
however, dissolves but little of it, the greater part being converted into an insoluble, 
brown, basic salt— The /errons salt, Fe''S''0*.511'0, ohfcuned by double decomposition, 
orystallisea on evaporation in obhque rhombic prisms, having the colour of ferrous 
sulphate 

Dithionate of lead, Pb"S*0'.4H®0, prepared by dissolving carbonate of lead in 
aqueous dithionic acid, forms large crystals belonging to the hexagonal system, isomor- 
phous with the calcium- and strontium-salts, hut exhibiting also the face |P, occurring 
nemihedraUy with P. The crystals are permanent in the air, optically uumxial and 
positive (Norrenberg). The solution of this salt mixed with a quantity of am- 
monia, not sufficient for its complete decomposition, yields slender needles of a th- 
plumbto salt, Pb’'S-’0''.Pb"0 , witli an excess of ammonia, a still more basic suit is 
produced. (Heeren.) 

Dithionate of Lit hium,lii‘B'0'.TB.'‘0, forma indistinct crystals, easily soluble 
in water, insoluble in alcohol. (Rammolsberg ) 

Dithionate of Magnesium, Mg"S'0'‘ 6tl*0, forma six-sided tables, permanent 
in the air, and very soluble in water. 

Dithionate of Manganese, Mji"S' 0‘’.6H'0, prepared as already described 
fp 636), crystaBiscs, by spontaneone evaporation, in rose-coloured, mostly indistinct, 
deliquescent crystals (Mangnac). According to Kraut (Jahresb 1861, p 118), 
it forms ' “I- - i' ' ’ " water. Accord!^ to Gut ho, these crystals are tri- 

metric, i i ■ P . oof ■» t»P2. Angles P . P m the terminal 

edges = • 1 , whence ojP ; <nP (macr.) =. 31° 6' , o;f'2 oof 2 

(niaor.) = 91° 13'. 

Dithionates of Mercury. — The ■mercurous salt, Hg^'S^O", separates in colourless 
indistinct crystals, on evaporating a solution of recently precipitated mercurous oxide 
in the aqueous acid It diseolvos with difficulty in cold water, and is decomposed by 
hot water. When heated, it is resolved into mercury, sulphuroue oxide, and sulphate of 
mercury (Rammelsberg). — kbasio mcrcurw ddhionate appears to be formed bv 
digesting aqueous dithionic acid with excess of moreuric oxide. 

Dithionate of Nickel, NT'S'D* 6H“0, aoparatas by sponTaneous evaporation iu 
large, thin, green pnsms. Its solution mixed with ammonia depdaita the ammoniacal 
salt, Ni"S’0‘.6NH’, as a blue powder, wllich cryetellises &om solution iu warm aqueous 
ammonia, in tabular prisms of a fine violet-bluo colour; it is decomposed by water. 
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DUTiionaie of Potassium, K®S-0“, prepared liy decompoBmg the baric or man- 
ganous salt with an exactly equiTalent quantity of potassie carbonate (or tbe banc salt 
■with potasBio sulphate), separates on evaporation, in crystals which are permanent m 
the an:, decrepitate when heated, and are resolved at higher temperatures into sul- 
phurous oxide and sulphate of potassium. It dissolves in 16 pts. of cold and 1^ pts 
boiling water, but is insoluble in alcohol (H e eren ) 

Dithionate of Rubidium, Rb=S’0“, crystallises isomorphously with the potas- 
sium-salt, in hard glassy orystaJs, belonging to the hexagonal system, and exhibiting 
the combination ooP . <»P2 oP . P . 2P2. Length of principal axis = 0 6307. Angle 
P . P (terminal) = lf6"I6', P.P (lateral) - 72“ 8'. (Piccard, J. pr Ghem. 
Ixxxvi. 449.) 

mthionata of Silver, Ag®9’0'.2H’0. — ^Prepared by dissolving carbonate of silver 
in tlie aqueous acid, and oiystalliaeB m right rhombic prisms, permanent in the air 
(Heereu) By evaporating a solution of the salt mixed with sulphurous acid, at a 
temperature not exceeding 6°, Kraut obtained it in large ciystals containing 6 or 7 
at water Its solution in warm aqueous ammonia yields sm^ shining crystals of the 
salt Ag*S‘0» 4brH“.ffO. (Eammelsberg.) 

Pithionate of Sodium, Na“S“0“.2H*0, prepared like the potassinm-salt, crys- 
tallises by spontaneous evaporation, m large, transparent, right rhombic prisms, per- 
manent in the air, having a bitter taste, easily soluble in water, insoluble in alcohol 
(BCoeren). It is optioSly biaxial and positive, and exhibits considerable dispersion, 
the angle of the axes being, in the air, for red light, 126“ 26', for violet, 134“ 40'. 

Pithiouate of Sodium and Silver, AgN'aS’0“.2H*0, is obtained by spon- 
taneous evaporation of a solution containing equivalent proportions of sodicund argentic 
dithionatos, and reeiystaUisKtion, in large ciystals, apparently isomorphous with its 
component salts, and exhibiting very distinct cleavage. They effloresce over oil of 
vitriol, but not in the open air. (Kraut) 

Pithiouate of Strontium, Sr"S'0'.H“0, prepared like the harnlm-salt, forms 
hexagonal crystals, isomorphous with the calcuira- and lead-salts, and indistinctly 
oleavable parallel to oP. TIib crystals are permanent in the air, easily solublein water, 
exhibit negative double re&uctiou, imd strong dispersion. 

Piihionaie of Thallium, TBSW is very soluble in water, and separates in vi- 
treous tabular crystals, apparently isomorphous with the potassium-salt. (&.W erther, 
I. pr. Chem. xci. 336.) 

The Pithionates of 'Yttrium, Rrhium, and Terbium are crystallisabla 
Pithionate of Zino, Zn"S*0“ 6H’0 — This salt is very soluble in water, and its 
solution rarely yields distinct crystals (He eren). Its solution in warm, concentrated, 
aqueous ammonia deposits, on coohng, small prisms of the salt Zn"S-0'‘.4NH®. 
(Eammelsberg.) 


Trltbionlc Compoauds. 

Thithionio Aoid, H“S’0*. Sidpluvreited Hypomlphuno Acid. (Langlois, 
Ann. Ch. Ehys. [2], Ixxix 77— Pelouze, litd. Ixxix 86.— Kessler, Pogg. Ann, 
btxiv. 260.)— This acid, discovered by Langlois m 1842, is obtained as a potassium- 
salt -—I. By gently heating an aqueous solution of acid potassie sulphite with 
sulphur : 

6KHSO* + S'* = 2KW> + K'‘S^O» + SffO. 

AcW sul- Trahlonatc Hvp<i- 

phite. sulphite. 

A Saturated solution of the acid sulphite is digested with sulphur for some days at a 
moderate heat, tiU. the yellow colour at first produced has disappeared. Sulphurous 
oxide is then evolved, and trithionate of potassium is left m solution, mixed with 
hyposulphite and sulphate (the latter resulting from the decomposition of the trithio- 
nate by heat). The warm filtered eolntion yields cryatals of the trithionate, mixed 
with sulphur and a small quantity of sulphate : they may he purified by dissolving 
them in the smallest possible quantity of lukewarm Water, and leaving the filtered 
solution to orystalliso by cooling. (Langlois ) 

2. By the action of sulphurous acid on hyposulphite of potassium . 

2K='S*0’‘ + 3SO» i» 2K’S"0'' + S. 

A Very coneentcated solution of the hyposulphite is prepared by adding it to a mixture 
of 8 pts. water and 1 pt alcohol, tiU the alcohol separates out , and through this 
solution warmed to 26“ — 30°, and kept in a state of concentration by frequent addition 
of the solid salt, sulphurous acid gas is passed, till the liquid turns yeUow and smells 
of sulphurous acid. The liquid then deposits a considerable quantity of crystals of 
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potaasio tritinonate, after which it becomes colourless, no longer smells of sulphurous 
acid , and if again satuiated with hyposulphite, and treated with sulphurous acid, will 
yield a fresh quantity of the trithionate. To purify this salt, it is dissolved in water 
of 60“ or 70°, and tne solution, freed from sulphur by filtration, is mixed with eight 
times its volume of aleohol of 81 per cent., then gently warmed, and left to oiystalhse 
by cooling (Plossy, Ann Ch. Phys. [3], xx 162) —According to Bathlce (Jahrosb 
1864, p 164), a mixed solution of hyposulphate and and sulphite of potassium, yields 
very pure ciystala of the tnthionate lUthke lias also observed that the aolutiou 
which yields tliose crystals is not precipitated, or but very slightly, by mercuric 
cyanide at the hoihng heat, whereas this salt forms an immediate precipitate lu a 
fiolution of the crystals themselves, even when very dilute ; further, that the original 
solution, if not too concentrated, does not deposit sulphur on boiling, whereas the 
Solution of the crystals themselves deposits it immediately Hence Eathke concludes 
that the tnthionate is not eontoiucd in the original solution, but is formed only at the 
moment of crystallisation ; this appears also to bo the ease in the preparation of the 
Silt by Langloia’s method. — According toLanglots,a solution of sulplude of potassium 
may he used in the preceding mode of preparation, instead of the hyposulphite. 

8 Chancel and Diacon (Oompt. rond Ivi. 720) prepare trithionate of potassium 
by converting 2 pts. of potassic hydrate into acid sulphite, and 1 pt. into mono- 
sulphide, then pouring the former solution, with agitation, into the latter, saturating 
the mistiira with sulphurous acid, evaporating quickly in thin layers, and dissolving 
the separated salt in water of 60® mixed with a little alcohol. The filtered solution, 
on coohng, deposits the tnthionatoin prismatic crystals. Its formation is represented 
by the equation 

. 4KHS0’ + K‘S + 4SO» = 3KW» + 2H=0, 

Trithionic acid eopaiated from the concentrated solution of its potassium-salt 
by precipitating the potassium with an equivalent quantity of tartaric, perchloric, or 
silioofiuonc ac)d, is a limpid inodorous liquid, having a sour and somewhat harsh and 
bitter taste It is permanent in the dilute state; but on attempting to oonoentrate it 
in a vacuum over oil of vitriol, it begins to decompose, even at O®, sulphurous oxide 
being eiolved, sulphur deposited, and sulphurous acid remaining in solution at 80° 
the decompoBition takes place more quickly. By mtne, eKoric, or lodw acid, it is 
immediately converted into sulphuric acid, with separation of sulphur. When boiled 
wilhpoiae7i, it is converted, accordingto Kessler, into hyposulphite and sulphate of 
potassium, as shown by the equation . 

H’S»0* + 4KHO = K’S«0" + K'SO* + 3H«0. 

Aeoordfng to Hordos andO-ilis, the products of the decomposition are hyposulphite 
and sulphite. 

The trithionatesM’S’O* andM"S*0', are hut little known; they appear, however, 
to ho all soluble in water, and are characterised by extreme instability When heated 
to redness, or boiled with water, either alone or with addition of the aeid, they are con- 
verted into sulphates, with evolution of sulphurous oxide and deposition of sulphur. 
Nitric aeid and chlorine-water also quickly convert them into sulphates 
A solution of silver-mtrate forms, in a solution of potassio trithionate, a white 
precipitate, which gradually turns black . — Merntrovs nitrate immediately forms a 
black precipitate, which after a while becomes perfectly white, and does not afterwards 
change colour on boiling. With a small quantity of mercurous nitrate, however, a 
permanently black precipitate is formed — Mertyune cMunde in small quantity produces 
a Muck; in excess, a wliito precipitate — Mfmtnc a/amde forms no precipitate at 
first, but after some time a yellow precipitate, which turns black gradually in the 
cold, immediately on boiling. — Cfepric sulphate boiled with potassio tnthionate pro- 
duces an immediate sepaiotion of sulphide of copper 

Trithionate of AmuKHiiiiTO is produced, together with sulphate, by saturating 
dry ammonia-gas with dry sulphurous oxide, and dissolving the product in water. 

Trithionate of Hari«j«,Ba"S’0‘.2H’0, is produced (according toKessler) by 
saturating the acid with carbonate of barium, and mixing the solution with a large 
excess of absolute alcohol. The salt then separates in smning lanunce. Its solution 
decomposes very easily, depositing sulphate of barium 

Triihtonateof Potaseium, K'’S'‘0“, prepared as above desonbed, oryetaUises in 
four-sided prisms bevelled with two faces. It has a slightly sahne and bitter taste, 
and is meoluble m alcohol The aqueous solution is neutral, and is decomposed by 
heat into sulphnr, aulphurous oxide, and sulpliato The dry salt decomposes in hke 
manner at 1 26°. According toChancel and D i a c o n, it is converted by monosulphide 
of potassium into hyposulphite, without separation of sulphur : 

K“S’0" + K“S = 2K*S>0». 
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Tritlnonate of Zincm produoed, mth separation of sulphide of zinc, by gradual 
decomposition of a concentrated solution of the hyposulphite. (Pordos and’GAlis.) 


Tetrathlonlo Compounds. 


Tetbathionio Aoid, H’S*0®. Jsid hyposidfurique hmt\furi (Pordos and 
G61 i 3 [I8i3l, Ann, Oh. Pharin. iliv. 247 — Kessler, Pogg. Ann. badv. 253. — 
Chancel andDiacon, Compt. rend. Ivi 610; Jahresh. 1863, p. 150 ) — The salts of 
this acid are produced by the action of iodine on hyposulphites, thus. 

2Ba"S»0> + I'* - Ba"I> + Ba"S‘0». 

The ban mu-salt is prepared by adding iodine, in small sucoessiye portions, to hyposul- 
phite of bnnum suspended in a very small quantity of water ; after complete satura- 
tion, the eiystalline pulp is digested with strong alcohol, which dissolves the iodide of 
barium and excess of iodine, and leaves the tetrathionate in the form of a white 
powder, which may he pmufiod by dissolvmg it in the smallest possible quantity of 
water, and leaving the solution to evaporate. (Pordos ) 

A salt of tetrathiomo acid is also produced by carefully adding sulphuric acid to a 
mixture of hyposulphite and peroxide of lead or barium, according to the oqua- 

2PbS50' + PbO® -r 2H’S0‘ = PbS‘0” + 2PbS0‘ + 2H»0, 


further, by the action of peroxide of lead on pontathionic acid (Chancel and Dia- 
4H»S»0« -I- 6PbO» = 6PbS^O« + 4ffO. 


Tetrathionieaoid maybe prepared by decomposing the barium- or lead-salt 
with the exact quantity of sulphurie acid requu'ed According to Kessler, tho lead- 
salt is better adapted for tlio purpose than the harium-salt, because the aci^ in 
presence of strong bases, is apt to decompose, espociaUy at the moment of libera- 
tion, into ti'ithiomo acid and free sulplim- The lead-salt must be decomposed by 
sulphuric, not by sulphydiio acid, as in the latter case it would he converted partly, 
or perhaps entirely, into pentathionic acid by the action of the sulphide of load pro- 
duced in the reaction 

Totrathiome acid is a colourless, inodorous, very aeid liquid, of about tho same 
degree of stability as dithionic acid In dilute solution it may be boiled without 
decomposition, but in the concentrated state it is docnraposed by heat into sulphuric 
acid, sulphurous acid, and sulphur It is not decomposed by hydroehlone or dilute sul- 
phnne aoid in the cold, but a moderately dilute solution, heated with AydrooWovio <nad, 
gives off sulplmrotted hydiogen When heated with mtm axM^ it evolv es off red fumes, 
and deposits sulphur — OUonne converts it into sulphurio acid. 

The tetrathionates and are all e.iaily soluble in water, but 

insoluble in alcohol, and are precipitated from their aqueous solutions by alcohol They 
are produced either by satoating tlie acid with bases, or by double decomposition 
from tho lead-salt The soluPons cannot, however, for tho most part bo evaporated 
without decomposition, the tetrathionates of the stronger bases being thereby con- 
verted into salts of acids containing a smaller proportion of sulphur, and those contain- 
ing easily reducible bases being resolved into sulphide and sulphate, 

Tetrathioiiio acid and its salts form, with cupna sulphate, a brown preeipitato after 
long boiling , with merom-ous nitrate a yellow pieeipitate, which slowly blackens on 
boiling , wnth mercuric chlonde, by degrees, a yellowish precipitate, consisting of a 
compound of chlonde and sulphide of mercury mixed with tree sulphur , with mer- 
curic cyanide, by degi'ses, a yellow precipitate, which blackens slowly in tho cold, 
immediately on boiling , with nitrate of sUuer, a yellow precipitate, which soon tuvne 
black. When tetrathiomo acid is supersaturated in the cold with ammonin, no alteration 
18 produoed in it by the addition of ammomaeal solulwn of silver -nitrate, or mernmr 
ci/anide, 01- sutphydiic acid {Kesalev) This last reaction distinguishes tetrAthiou'e 
from pentathionic acid. It is further distinguished from pentathionic acid by not 
hein^ decomposed by peroxide of load ; and from all the other polythionic acida % tho 
reaction of its potassium-salt with monosiilphide of potassium, wheroby it is oonvartod 
into hyposulphite of potassium.' with separation of sulphur; KWO" + K-S = 
2K'‘S-0‘‘ + 9. (Chancel andDiacon) 

Tetrathionate of Barium, Ba"S*0“ 2H*0, may he prepared as above described. 
According to Kessler, it is obtained m large tabular crystals, by mixing the aqueous 
acid with an eqiuvalent quantity of acetate of barium, and adding absolute aleohol. 

Tetrathionate of Oa'dmium, obtained by double decomposition, s6p.vrates, on 
evaporation in a vacuum, as a very deliquescent mass. (Kessler.) 

Voi. V. , T T 
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TeU'athionaUs of Copper. — The eupriosiAt has not hesn obtained in the solid 
form. Its solution, when concentrated in ayacunm, deposits a large quantity of brom 
shining scales, whilst sulphuric acid and cupric sulphate remain iii solution. — The 
dtprotia salt, Cu-S*0“, is produced by tho action of hyposulphite of baniim on sulphide 
of copper. It decomposes easily, even at ordinary temperatures, and still more when 
he.ite3, into cupric sulphide and sulphunc anhydride Cu'9*0® = 2Gu"S + 2SO“. 
(Chancel and Diaeon ) 

Tetrathionateof Tran (ferrous), ]?e"S*0*, is produced by the action of afeme 
salt on ferrous hyposulphite . it is resolved on evaporation into ferrous sulphate, sul- 
phurous aeid, and sulphur. (Pordos and GAlis.) 

Tetr(ith%onateqf LeadjWB'O^iWQ, eaxaiot bo crystallised by evaporation, 
hut separates in shining needles, on adding alcohol to the miiced coneentrated solutions 
of plumbic acetate and tetrathionic acid. (Kessler.) 

Tetrathionate ofNicJcel is obtained, as a deliquescent mass, by evaporating its 
solution in a vacuum 

Tetrathionateof Poiassium, K*S^O“, is prepared by the ^diial addition of iodine 
to a concentrated solution of potassie hyposulphite, till the reddish-brown colour becomes 
. pemaneut The tetrathionate separates completely, and is dissolved in hot water , the 
solution is then filtered from free sulphur, and mixed with alcohol till the precipitate 
at first foi-med slowly redissolves in thq liquid. On cooling, the salt separates in 
lai'ge crystals "When tetrathionic acid is added to a concentrated solution of potassie 
acetate, the salt separatee in a pulverulent form, in which state it is more stable than 
when in large crystals. (Kessler.) 

Tetrathionate o/Soiftttw is prepared like the potessium-salt, but requires large 
quantities of alcohol to precipitate it from its aqueous solution. It melts in its water 
of crystallisation, when gently heated, with separation, of sulphur and evolution of sul- 
pluttoua oxide. (Kessler) 

Tetrathionate of Strontium, Sr"S''0''.6H’0, may he prepared like the barium- 
salt, but IS not BO completely precipitated by alcohol It separates by spontaneous 
evaporation in thin prisms, hut is at the same time decompised, for the most part, 
into sulphate of strontium, sulphurous acid, and sulphur. (Kessler.) 


9«ntatblonlo Compounds, 

Pen* ATH lONio Acid, H’S’O*. CWaekonroder [1846], Ann Oh. Pharm, lx 
189.— Lenoir, ihd. Ixii. 263.— Fordos and G61is, Ann. Oh, Phys. [3], xxii 66 — 
Kessler, Pogg. Ann. Ixxiv. 267 — ^Lndwig, Arch. Pharm, [2], bexsv 9.— Ohancol 
and Diaeon, Oompt. rend. Ivi. 710.)— This acid is produced by the mutual action of 
sulphurous and sulphydric acids : 

6H*SO* + 6ffS = H“S‘0« -t 9H“0 + S’. 

To prepare it, Wackenroder passes sulphydnc acid gas in excess through a satu- 
rated aqueous solution of sulphurous acid, filters, and digests the milky filtrate with 
slips of clean metalbo copper, till it becomes clear — filters again — ^removes the dis- 
solved copper by Bnlphydric acid, and drives off the excess of the latter by a gentle 
heat. The solution thus obtained is colourless, and destitute of odour; it maybe 
concentrated, without decomposition, till it attains the specific gravity of 1-37 — 
Kessler passes sulphurous aud sulphydnc acid gases alternately through water, till 
the precipitated sulphur forms a thick magma at the bottom of the vessel ; digests 
the feer^ liquid with freshly precipitated carbonate of barium, to remove sul- 
phuric acid, filters, and concentrates the filtrate over a water-bath, till it attains a 
density of 1-26 — 1 3. The acid liquid thus obtained may be farther concentrated, in a 
vacuum, to the density of I 6 at 22°. 

According to Bisler-Bonnet (Pogg. Ann. cxvi. 470, Jahrosb 1861, p. 60), 
pentatlnonic acid is also produced by the reaction of zinc on sulphurous acid , the 
zinc first dissolves in tho aoid, with evolution of hydiogen, which at the moment of 
liberation decomposes part of the sulphurous acid, yielding water and sulphydric acid ; 
and the latter reacts on the sulphurous acid, so as to form pentatliionic acid’ 
lOH’SO® + 6ffS =. 3n’S‘0« + 12H«0 
The solution exhibits the reactions of pentathionic acid as long as it retains free sul- 
phurous acid, but tho pentathionic acid is subsequently reaolied into sulphuric acid, 
hyposulphurous acid, and free sulphur. ’ 

Pentathionic acid is colourless and inodorous, and has a strongly acid taste, 
inclining to bitter. It may be preserved unchanged at the temperature of the air ’ 
but on attempting to concentrate it, by heating beyond tho density of 1-37, it is 
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decomposed, sulpliydric acid and afterwards sulphurous acid being evolved, while 
sulphmie acid and sulphur remain behind. It is not decomposed by aulphy- 
di'io aoid, or by dilute hydrochlono or snlphurie acid, the latter, however, when 
concentrated, decomposes it. By nitric acid, hypochlorous acid, or chlorine, it is 
oxidised, and converted into sulphuric acid. Metalhc copper and iron decompose it at 
tlie boding heat, the former with evolution of aulphurous acid and formation of 
sulphide of copper , the latter with evolution, first of aulphydric acid, then of sul- 
phurous acid, a portion of the latter also remaining in the hquid (Waokentoder). 

A moderately concentrated solution of pentathiomc acid gives off a faint sulphurous 
smell when boiled, but does not evolve sulpburous acid gas .except when highly 
concentrated ; on boiling it with hydrochloric acid, the odour of sutphydric acid is 
perceptible. On boding the aeid with solution of caustie potash, hyposulphite, sul- 
phate, and sulphide of potassium are formed. (Kessler.) 

The reachous of pentathionio acid with ewprio sulplmte, metenroVA nitrate, meronris 
chloride, mercimo cytmde, and nitrate of salver, are the same as those of tetrathionie 
acid. With ammtmacal nitrate fif alver, however, it reacts differently. 

When a solution of pentathiomc acid is rapidly mixed with excess of ammonia, 
the addition of an ammoniaoal solution of silver-nitrate quioWy produces a hrown 
colour, which gradually becomes darker, while sulphide of silver separates from the ' 
liquid (Kessler). Accoi'diug to Eisler-Bonnet, it produces an immediate black 
precipitate. An ammoniaoal solution of rnercuno chloride added to the same liquid 
gradually produces a black precipitate of sulphide of mercury, and on the addition of 
sulphydi'io aoid, a separation of sulphur takes place (Kessler) A recently prepared 
solution of pentathionio aoid mixed with potosh, decolorises a solution of indigo. 
(El sler- Bonnet) 

The pentathionates have not been much examined. They arc very unstable, so 
much 61), that it is difficult to obtain them in the sohd state. In fact, the fifth atom 
of sulphur in the acid appears to be retained by only a feeble afihiityj and in pre- 
seuoe of a strong base, especially if the solution he concentrated, this last atom of 
sulphur is separated, and the pentathionio acid is reduced to tetrathionie aoid, the 
salts of which have greater stability Sometimes two atoms of sulphur are given up, 
and trithionio acid is pioduaed, Kessler found that on mixing a solution of pentathionio 
acid of SMuiflo gravity 1'32, with alcohol of 96 per cent , washing the precipitate 
with alooliol, and dissolving it in warm, water, a considerable quantity of sulphur 
remained undissolvad , and the solution mixed with alcohol yielded crystals, having the 
form and composition of potassio te,trathionate 

The pentathionates of barium and lead are soluble in water, but cannot be obtained 
in the solid state by evaporation, even in a vacuum, decomposition taking place as 
soon as the solutions attain a certain degree of concentration. Lonom, however, 
obtained the bariuni-salt, Ba"S“O''.H®0, in definite crystals, by mixing the freshly 
prepared aqueous solution with strong alcohol The salt then aeparated abundantly 
in transparent silky pnsms, which changed within the liquid to larger and well-defined 
crystals 

Fentathionate of Fotassium, K’S‘0', ciystnllises (according to Eainmolsberg, 
Jahresb. 1867, p. 188) in monocliiuc pnsms, exliibiting the combination ooP . [ ooESj . 
oaPw +P -P +P3.-P3. Axes « J • o = 1 • 0 8286 . P2639 Anglo 6 o 
= 78°46',«P' «P(clmod.) = 96°24', +P +P(elinod) = 101° 38'; -P- -P 
(elmod) = 112° 12', 

StrliPBlTR-ACIDS, or STlRPRAirHYmUBZiS. Eames sometimes applied 
♦ to the sulphides of the more electronegative metals (arsenic, antimony, &o.), which, in 
combination with the electiopositive smphides, form sidphiir-salts. 

StTIiFBUR-BASBS. The sulphides of the more olectropositivo metals, potas- 
sium, barium, copper, lead, &c. 

StnUBBUBBT. Syn. with STOvniBa (p. 482). 

STrXPHlTBIC AGIO and ABHVBRXDB. See SuiPKUB, Oxides ASH OxYQEN- 
Aoms OP (p. 669). 

STJXPBURZC CHXORIBB (p 676). 

StTXPHTmxC BXHBRS (p. 620). 

SBXPHITROBS ACZB and ABHTXIRIBE. See Sudpscb, Oxides A(n> 
OxYOEN-AOlDS OP (p. 640) 

SUXFEtTROUS OKXORIBB (p. 642). 

SUXPBTTROVS EXBBRS (p. 661). 

SUXPRUR-SAXTSi OompoundB analogous tooxygen-salts, composed ofsulphur- 
acids or sulphanhydridos and sulphur-buses e.g., salpharsenate of potassiim, K^AsS*, 
or SK'^S AsS«, &c. 
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SUIiPBVRYli, SO*. The radide of sulphuric acid and its derivatives. 

SVXiZEBITE. Sjn. with strontianito, or native carbonate of strontium. (See 
Cabuokates, 1. 797 ) 

SVIVIACB. The powder of the dried leaves of various shrubs and trees of the 
genua JS/iua (order Tt-nknilutcere), espeouUy of Sh eoiiarta and K!t cotimis It con- 
tains colouriug-miittcr .md tannin, and is used m dyeing and calico-printing, as a 
substitute for nut-galls, in the production of grey coloiitb, and in Turkey-red dyeing , 
also for tanning tlie finer kiiids of leather. According to Chevienl, it contains a 
yellow colouring-matter, which separates from a concentrated decoction on cooling, in 
small cryBbillino grams It forms a yellow precipitate with solution of alum, and 
may, therefore, he used for commimieating a yellow dye to stuffs mordanted with 
alum The decoction of sumach reacts strongly acid with litmus, gives a yollowish- 
white precipitate with stannous chloride, pale-yellow with acetate of lead, yellowish- 
hi'owii with cupnc acetate, and a blue floccident precipitate with ferric chloride. 

Stn\SBX7liAMIC ACID. A peculiar acid, coitained (according to Eeinsoh) 
together with angelic acid, in sumhnl-root. 

SuncBirii-BAIiSAlliC. See SnMBiri,-BooT. 

BtrniBTTIiIC ACID. The name given by Beinsoh to an acid contained in 
sunihnl-root, which ho at first regarded as distinct from angelic acid, because its 
alcoholic solution is coloured blue bysulphurio acid, but, according to later expen- 
meutsbyBieckher and Eeinseh (Jahrb. pr Bharm rri 12), it does not eshibit 
this coloration when quite pure ond free from snmbulamic acid, and must therefore 
bo regarded as identical with angelic acid, with which it agrees in all other respects 

SVMB'UliIia'B, The name given by Murawiefif to an alkaloid supposed to exist 
in sumbul-root. 

BUMBTlE'OZXi. A mixture of volatile oils obtained by the distillation of 
siimbul-balsam. 

SUMBUBOEIO ACZB. Syn. with Sumbumo or Anoblio Acid. 


STTMBVl'ltOOT, Musk-root. The root of an umbelliferous plant, said to be 
indigenous in Persia It uanally occurs in commerce, in rather large cakes having a 
strong musk-hke odour, and a faintly sweetish musklike taste, with aromatic burning 
aftertaste, like angelica and imperatona root Roinsoli found in 100 pts of sumbul- 
root 13 pts water, 12 9 balsam, 28 4 starch and salts, 8 gum, 4 colouring-matter 
soluble m alcohol, 7 bitter substance, and 6 ash-oonstitnents (containing a large 
quantity of potasstc carlionate), besides muoiluge, woody fibre, resin, wax, and traces 
of volatile od not smelling of musk. 

According to Beinsch, the balsam extracted from the root by ether has the colour 
and consistence of copaiba-balsam, a burning taste, and only a faint musk-like odoiu’ 
in the dry state, but gives out a strong odour of musk when m oontuot wuh water. 
Strong sulphuric acid dissolves it with flue blue coloiu'. By dry distillation, the 
balsam gives off-— first, a yellowish oil tasting like peppermint ; afterwards a grass- 
greeu oil having the odour of cajeput,'whihj the residue ucquives an ludigo-blue colour. 
On continuing tho distillation, a blue oil passes over, winch dissolves with blue colour 
in alcohol , paper on which tho solution is dropt, acquires a musklike odour after a 
few days The oil is coloured green by cold potash-ley , hot potash-ley dissolves it 
Tho balsam dissolves in potash-ley, and, on adding water, a resinous mass separates, 
containing the Mtassiniii-Balt of snmbulamic acid, which may be sepaiated from it 
by dilute snlphnnc acid. This amd is resinous at first, but is converted into a 
crystalbne mass by long contact with water , it is said to form an other Burther 


investigation : 
acid. 


required to determine how far this acid differs from aumbuh o or angelic 


Bommor (Aicb Phorm cxxxviii. 1) has also investigated sumbul-root, but with 
somewhat different results. Tho extract obtained from the root by treatment with 
ether, gave, by distillation with water, a very email quantity of a pale-yellow, neutral, 
volatile oil, which in tho concentrated state smelt more like angeliea-i oot, but in the 
dilute state more like musk. This oil is mobile and lighter than water, but resinises 
quickly m contact with the air, becoming viscid, darker-coloured, and acid. It dissolves 
in nitric acid with violet colour, soon changing to yellow ; by sulphuric acid it is turned 
brown, and c.arbonised. The balsam prepared with other or alcohol yields by dry distil- 
lation (according to Somm er) ono-third of its weight of a greenish mobile oil, smelling 
like creasote ; afterwards white fiimes are evolved, which thicken to a blue oil (about 
one-third of the re^m) , finally, tarry prodnete pass over, and a carbonaceous residiu- 
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is left. Tlie blue oil sometimes contains needle-shaped crystals, which likewise 
condense in the neck of the retort 

The blue oil is a mixture of several bodies; it begins to boil at 160°, a pale- 
yellow oil then passing over, at 200°— 280°, a light-blue, and at 285° — 326° a daik- 
blue oil passes over, at which latter temperature partial decomposition takes place 
The blue oil has a peculiar, not very agreeable odour, is lighter than water, slightly 
soluble therein, easily soluble in alcoW and ether Heated with nitric acid, it yields 
oxabc acid When distilled with potash, it gives off a neutral pale-blue oil, smelling 
like bergamot pears ; and the residue, treated with sulphunc acid, gives off the odour 
of valerianic aoid The crystals obtamed, together with the blue oil, consist of umbel- 
liferone (ff ii ). (Sommer) 

Sumbul-root is said to cause trembling and weakness of the limbs, confhsion of the 
head, acceleration of the pulse, increased heat, and greater activity of the stomach. 
(Handw. d. Chem. viii. 440.) 

StnrDVIKITB. A mineral from Kimito in Finland, allied to, and perhaps 
identical with, anorthite. (Sammelsberg’s Mmeralchemie, p 683.) 

SUMSTOWH. Ohgoclase from Tvedestrand in Noi-way (iv. 198). 

SirPBR, A prefix synonymous with Pbb (iv. 374). 

SVPBRFHOSPBATB, Acid phosphate of calcium, prepared on the large scale 
for manure, by treating hones, coprohtes, &e. with sulphnrie arid. 

S'URilXAlVlIH'B. An aUialoid, occurring, according to Hiittenschmidt (Mag 
Pharm, vu. 287), in the bark of Qeoffroyatnermis. 

SURTVRBRAN'D. Fibrous lignite, so called in Iceland, where it occurs m lai’ge 
quantities 

SUSAKTNIXB, or SUZAHMIXE. A sulphato-carbonate of lead having the 
some oomposition as loadhillite (27’6 per cent. PbSO^ and 72 6 PbCO*), but ciystal- 
lising in rhombohedral forms, derived from a primitive rhombohedron in which the 
length of the principal axis is 3 1062 and R 11 = 94°; it exhibits the faces — 2R, 
ceR, oR, and cleaves easily parallel to oR Hardness = 26 Specific gravity = 6 66. 
Lustra resinous to adamantine Colour white, green, yellow, anif to'ownish-blaok. 
Streak unooloured. It occurs in at.taolied crystals at LeadhiUs in Scotland, and at 
Moldawa in theBannat. (Dana, ii. 373.) 

SVANSERGITB. A mineral discovered by Ijelstrom (Jahresb. 1864, p. 881), 
together with Jazulite, on the Horryoberg in Wermland, Sweden, in eube-liko rhombo- 
hedrons, resembling those of beudantite, and cleaving parallel to the terminal f.ieo. 
Hardness = 6 0. Spooifie gravity = 3 30 Colour pale red, or yeUow Transparent 
to translucent. Befoia the blowpipe it becomes decolorised, and molts only in thiii 
splinters. The pulverised mineral dissolves partially in strong acids, and the residue 
becomes incandescent when heated Contains 17 32 per cent. SO", 17 8 P"0“, S7'84 
APO", 1'40 FeO, 6 0 lime, 12 84 Na"0, and 6 80 water, with a tiaco of chlorine ; whence 
the formula is, perhaps, 2(2Al"'HO".Na"SO") + (2Al"'HO‘,Ca"P"0»), or, aceordinj; to 
Ramm els berg {Minerdehemie, p. 361), (§Na"0 |Ca0)"P"0‘ + (3Al’0".2S0") + 3fi"0. 

SWAGA. The Thihotian name for borax 

SWAIVtP-ORE. Bog iron-ore. 

SWIETBiriA. A genus of trees belonging to the meliaeeons order. The hark of 
Swietenia senegalmim, or Cad-oedra, is used in Senegal as a febrifuge. The bark of 
Sw felirifima, indigenous in India, is the Corteic Soymmdre, which, according to 
B un e an (Trommsdorff s Journal, ui 267), contains a bitter principle, tannin, volatile 
oil, and resin According to Overbeck (Arcb Pharm- [2] Ixvni 271). the bark con- 
tains an amorphous bitter principle, hut no base. 

SYCOOBRV1.IC ACZB. See the next article. 

SYCOCERYBIC ABCOKOB. C'»H““0 = | 0 (D e la Rue and Miiller, 

Phd. Trans. 1860, p 43; Chem. See Qu. J v 62.) — ^This compoimd, homologous with 
henzylic alcohol fC’H"0) and cymylic alcohol (C'"H'*0), is produced by treating syco- 
eerjho acetate (ijj/ra) with sodmm-alcohol, and pnnfled by precipitation with water 
and crystulhsation from ordinary alcohol It forma very thin crystals, resembling 
caffeine, usually aggregated in masses like wavelhto , melts at 90° to a liquid heavier 
than water, and solidifies in the crystalline state on cooling , after being stroualy heated, 
it sohdifles to a transparent glass, which becomes crystalline in contact with alcohol, 
distils partly undeoomposecl — ^It is insolnblo in water, aqueous aimiama, and elkalii. 
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It diesolves readily in ethylw akoiol. a hot Batarated solution forms a semisolid 
mass of crystals on cooling; a solution m very dilute alcohol deposits, on cooling, 
a jelly, -which afterwords becomes crystalline. Dissolves in ether, benzene, ohloroform, 
and tight mineral ail. 

Dicomposttwns. — 1. Sycocerylic alcohol is but slowly attacked by boiling -with 
dilute nitnc aoid ; the dark-yellow resin formed after six hours, when washed and 
di'ied, and .afterwards dissolved in warm alcohol, yields white and yellow crystals, 
easily soluble in aqueous ammonia and potash, and preeipitable by alcoholic neutral 
aotftato of lead, probably a mixture of sycocerylic acid,C’“H“0', oudnitrosyco- 
c cry lie acid. — 2. Moderotely dilute aqiwma chromio acul, boiled with sycocerylic alco- 
hol for eight hoiu-s, produces no sycocerylic acid on one occasion, neutral thin prisms, 
probably of sycocerylio aldehyde, C“H-“0, were produced. — 3. The alcohol dis- 
solves easily in oil qf nttriol, forming a brown solution, from which water throws do-wn 
a viscid resin , no coigugated compound of sulpbrn-ic acid remains in solution — 4 Sy- 
coceryhe alcohol is readily attneked by chlorine and bromine, and forms yellow crys- 
tals with iodine. — 6. A solution of sycocerylic alcohol m benzene evolves hydrochloric 
acid gas when treated mth ^entachloride of phoephaructA 60°. If, after the evolution 
of gas has ceased, the remaining chloride of phosphorus be removed, and the benzene 
solution washed -with water and aqueous alkali and evaporated, there remains an 
amorphous, greenish, viscid residue, easily soluble in other and ohloroform, but diifi- 
oulUy soluble in alcohol. On one occasion crystals were also obtained. — 6. PUasmm 
evolves hydrogen from melted sycocerylio alcohol, and becomes covered with a white 
crust, which, when heated till it melts, blackens and takes fire. “ . 

tieatod with fused eauatui potash, evolves hydrogen -without 

— 8. IVith chloride of acetyl it forms acetate of sycoceryl, oud , , I 

benzoate of sycoceryl. 

STCOCSRVIilC A.X.DEHITSE. See the last articlo. 

SYCOCSltVZ.Ic BTBBBB. (Do la Euo andMnller, lofl. ml ) Sycocerylio 
Acetate, 0“H”0* = C*H*(C’“H“)0- — This ether is contained, together with sycoro- 
tin, in the resin of Finis rubiginosa from New South Wales (ii. 046). To obtain it, the 
sycoretin is dissolved out of the resin by cold alcohol, and the residue is boiled with 
aiooho! The solution, on cooling, deposits crystals of sycocerylic acetate, mixed, towards 
the end of the crystallisation, -with a small qu.intity of a flocculont substance , and by 
leaving the solution to cool to 40°, then straining off the liquid, recrysUilhsiiig the 
solid residue -feom boiling alcohol, and treating the product at 30° with a quantity of ethor 
not sufficient to dissolve it, tho sycocerylic acetate is obtained pme, while a neutral 
erystallme substance remains undissolved Sycoeeryhe acetate is also produced by 
treating syooceryhc alcohol with chloride of acetyl. 

Sycocerylic acetate crystalliseB from alcohol, in thin lanimre resemliling ebolestorin, 
and from ether in flat sii-sideJ tables. It melts at 118° — 120°, and snhdifles below 
80° to a mass which is transparent at first, but afterwards becomes opaque and crys- 
talline. It distils unchanged ; but when it is too strongly heated, the distillate smells 
rancid, and like acetic acid It is brittle, strongly electric when rubbed, neutral. It 
dissolves very easily in hot alcohol, mim acciio acid, acetone, ehloioform, ether, benzene, 
and oil of turpentine It is not precipitated by alcoholic neutral acetate of lead, or by 
alob olio iaetate of copper 

Hot dilute mine and converts sycocerylio acetate into a resiu. The easily prepared 
solution in fuming nitric acid is precipitated by water in amorphous yellow flocks It 
dissolves easily and -without coloration in oil qf vitriol, the solution becomes brown on 
standing, and* rives off traces of sulphurous and acetic acids ; water precipitates from the 
solution a hard substance, fusible below 100°, difficultly soluble in alcohol, and easily 
soluble in cbloroforili and be-nzene It forms reeinouscompouuds with ohlonne, bromine, 
and iodine ; the last two, -when added gradually to a -warm alcohoho solution of the 
acetate, form crystals of a colourless bromine- or lodiue-componud, which are deposited 
on cooling It is not affected by boiling solution of caustio potash, but is decomposed 
by the fused hydrate, with liberation of hydrogen. — Sodium-alcohol decomposes it even 
at 90°, forming acetic acid and sycocorybo alcohol 

SyooceicHe Seneoate, C“E«0’ = C’H“(0'"H“)0’' —Prepared by dissolving 
OTcocevylic alcohol in chloride of benzoyl (no gas being evolved in the cold), and heating 
the solution as long os hydrochloric acid gas is given off The crystalline mass formed 
on cooling is thrown into a -warm aqueous solution of acid potassic carbonate, with which 
it IS warmed for several hours The resiu thereby separated, after washing -with warm 
wator and boiling alcohol, is dissolved in boilmg ether, from which it is obtained in 
crystals. Boiling absolute aicohd dissolves only a trace of the crystalline substance, 
and deposits it again, on cooling, in small crystals recognisable under the micro 
scope. It dissolves -with diflSculty in cold ether, and in all proportions in chloro- 



SYCORETIN— SYLVANITE. 647 

firm and hmetm, crystallising in priama on evaporation Soiiim-doohol deeomposea 
It only on long toiling, ■with formation of sycocerylic alcohol and sodio benzoate. 

S'S'COItBTIH'- The resin of TPiciis rubiginosa is resolved, by treatment with alcohol, 
into about 73 per cent, of sycoretin soluble m cold alcohol, 14 per cent, of sycocerylic 
acetate soluble in hot alcohol, and 13 pec cent, of residue, consisting of caoutchouc, 
sand, and fragments of bark. 

On mixing the neutral pale-brown solution in cold alcohol with water, the sycoretin 
IS precipitated, and may be rendered colourless by repeated solution and precipitation 
A saturated alcohohc solution deposits, in the cold, a small quantify of a crystalline 
substance, sycoretin in a purerstate remaining in solution The latter may be separated, 
by fractional precipitation with water, into two portions, tlie first of which contains 
74'65 per cent C and 10 11 H ; the second, 77'89 ^er cent. C and 9 94 H 

Sycoretin is amorphous, white, neutral, very hrittlo, and highly electric. It melts 
in boiling water to a thick liqmd, which floats on the surface Melts below 100°. 
Sycoretin is insoluble in mater, dilute acids, ammonia, and aqueous cdTcalis It is 
not prooipitated from its alcoholic solution by neutral acetate of lead, or acetatp of 
coffer, — ^Dissolves easily m afoo/iof, ether, chloroform, Kod. oil of turpentine. (De la 
Eue and Muller, loo. oil.) 

Sycoretin undergoes decomposition at a few degrees above its melting-point, fi’othing 
up, and giving off water with a wax-bke odour. When further heated, it melts quietly, 
and yields a distillate containing acetic acid and tar, charcoal being left behind. — ^It is 
attacked bytiiinomuif, and dissolved on boiling therewith; water precipitates from the 
yellow solution a slightly acid nitro-compound, which dissolves with dark colour m 
aqueous alkabs, and forms an explosive compomid with potash. In this reaction a little 
oxalic acid is formed, but no picric aad. — Sycoretin dissolves in oil of mtnol with fine 
green colour, without forming sugar . water throws down from the solution a broivn 
precipitate, less soluble than sycoretin. — Caustic potash acts on sycoretin in the same 
way as oil of vitriol. 

SYES ITS. A rock allied to granite, and consisting essentially of a ciystallo- 
granular mixture of orthodase and hornblende, tiie former being often more or less 
replaced by oligoclaso, Quartz and mica aleo occur in syenite, giving it more or less of 
a granitic character, while, on the other hand, the occurrence of hornblende in granite 
renders ^t more or less syenitic ; in fact, the two rocks pass into one another by insen- 
sible gradations. In like manner tbe occurrence of rather largo crystals or masses of 
orthodase in syenite gives rise to transitions between that rook and porphyry ; and in 
other oases, the alternation of layers of hornblende with felspar produces syenitae slate,' 
or (if mica is also present) syemtio gneiss Titanitic syenite and zircon-ayonito are 
syenites in which titanite and zircon occur imbedded 

SYEFOORITE. Kative protosulphido of cohalt, Co''S, occurring atSyepoor, in 
North-western India, in steel-grey crystalline grains or masses, of specific gravity 6 45 
(i. 1050). 

SYHSOBIXE. A silicate, occurring in the trap of Thore-gato, in the Syhedtee 
Mountains, Bombay, in irregularly laminated masses, having a fine-green colour, vitreous 
lustre, hardness = 3 5, and specific gravity = 2 321. It gives by analysis 65 92 per 
cent. SiO“, 16 06 Al’O*, 2'71 SeO, 6‘45 CaO, 2 4 MgO, and 16 40 water, and therefore 
approaches in composition to stilhite (p. 433) , hut it differs from that mineral in. 
colour, and in being loss easily decomposed by acids. (Shepard and Tyler, Sill. 
Am. J. [2] xl. 110 , Jahresh. 1866, p. 891.) 

BYE VAST. Native teUunum. 

SYEVAiriTE. Graphic Tdhi/riwm. Graphic Gold. Yellow Tellw-mm Midlente. 
Jnroiellurite. Schnfierc. Sohrifttellur. T^urenatifauro-argeiUifhre Annmgra- 
phioum . — A telluride of gold and silver, sometimes also containing lead and antimony, 
occurring in narrow veins lu tho porphyry mountains of Offenbaiiya and Nagyag, in 
Transylvania. It contains a large proportion of gold, and is a valuable ore. It forms 
trimetrio crystals, mostly smaE and needle-sh^cd, and grouped m each a manner that 
the combinations are difficult to make out. The crystals frequently also cross one 
another at angles of 60° and 120°, probably in consequence of twin-formation ; and by 
a repetition of this grouping on the surfaces of rocks, triangular and rhomhio figures 
are produced, like oriental writing characters hence the name, giaphic tdlurimn. The 
pnmary form of the crystals is a rhombic prism having the angle ooP ■ ooP = 110° 
48'; oP ; Pm = 119° 264'; and therefore a-_b- e-. « 1 1-4496 ; 1-7721 The 
prism cdP is combined with copi, wfoo , ooP® , oP , forming elongated prisinatie 
crystals, tho ends of which are modified by several pyramids and domes. Cleavage very 
distinct parallel to oof® , less distinct parallel to m . The mineral occurs also 
imbedded in lammec and masses. 
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Hardness >=• 1-6 to 2. Speeifio gravity 7 99 to 8 33 Lustre metalhc. Streak 
and colour pure steel-grey to silror-wMte, sometimes nearly brass-yellow Praeture 
uneven. Very seotile. Before the blou^ipo, it molts easily, tinging tbe flame greemsh- 
bliie, covering the eliarroul with a white onide, and finally leaving a ductile metallic 
globule. It dissolves eiisilj' ill nitne acid 

The fijllowinganiilyheHarohyP6tz(Pogg. Ann. Ivii, 472)-— a. Thm needle-shaped 
oiystals' specillc gravity = 8 28 . — d Indistinct crystals: specific gravity = 8’28 — 
0 Long white orystiils : specific gravity = 8'27 — Thick white crystals . speoiflo 
giwity = 7 99 — e. Short yeUowish crystals specific gravity =■ S'33.— /, g Light 
yellow masses. 

Otthnbnnya. NeSJ.ig 


Tellurium 69 97 
Antimony 0-5S 
Gold 26 97 
Sdver 1147 
Lead 0 25 

Copper 0'76 
100 00 


68 81 66 39 

0 60 2 50 

26 47 2189 

11 31 14 88 

2 75 2 64 

iotkoo iroW 


48 40 61-62 
8 42 6 76 

23 98 27 10 

10 69 7 47 

3 61 8 18 

100-00 ioooo 


4464 49 98 

26 31 29 62 

10 40 2 78 

11-21 13 82 

iOOW 100 00 


These analyses^ are most easily reduced to a formula on the hypothesis that thh 
telluHiun and antimony on the one band, and the gold, silver, and lead on the other, 
replace one another isumorpheusly On this supposition the whole of the analyses 
may oe included -ander the general formula (Au® ; Ag‘, Pb")(Te , Sb)‘. The composition 
of Ihe mineral from Olfrnbanya is very nearly expressed by the simpler formula, 
AiAlg^TeS or AuTe’ Ag^To*. This variety is sometimes specially distinguished as 
graphic tellurium; and that which contains lead and antimony in addition, as 
•white telhivinm 

evliVIC ACID, (Hnvordorben, Pogg. Ann ni 311 , viii 40,407, 

si. 28, 230, 393 , liv 116; xvii. ISC — Trommsdorff, Ann Oh Pham xiii 169 
— H. Rose, Pogg. Ann. xxxhi. 42, hii 371. — ^Laurent, Ann Oh Phys [2], Ixv 
324; Ixvui 396;bcxii. 459, [3], xxii ,459 — Sievcrt, iicitsohr f. die ges Natiir- 
wisseiisohaften, sir 311, Jahresb 1869, p 608. — ^Maly, Wien Akad. Bcr xliv 121, 
Jalu-esb. 1861 p 389.)— This acid was discovered and inveitigated by Uiiverdorbon, 
but confounded by him and all later invesligatw-a (except Maly), with abietio acid, tlic 
acid existing roauy-foi-med in pine-rosiii Owing to this confusion, it is not .alwa>s 
clear which statements refer to abiclic and which to sylvio acid Uiivordorben, liow- 
ever, seems to havo exanimed principally an acid prep.U'ed with sulphuric acid — 
therefore eylvic acid. Laiiieiit’s statements apply better to sylvic acid, though his 
method of preparation must have yielded abietic acid. 

Two acids foundby Banp (Ann Cli Phys. [2] xxxi. 108) in French colophony, Aida 
piniqxw and Ando abdtujue, as well as Lecanu and Bussy’s-ciyatallwci? and f)om 
tarpmiiM (J. Phatm. xiij. 62), appear also to belong to this head. 

Porination. and Treparatvon. — 1. Wrom Ajbietio And An .ilooliolio solution of abietic 
acid is precipitated by dilute sulphiinc and, and the haidoned orjstalliue precipitate 
is washed with alcohol, and afterwards crystallised from that liquid (Maly).— Sylvio 
acid is obtained also, together with ^Ivinohe acid, hy passing hydroolilorio acid gas 
into a solution of ahietic acid m alcohol. (Maly ) 

2. Fi'om White Pitch, Oolaphon;/, ^b . — ^White pitch is allowed to stand, covered with 
an equal quantity of alcohol, till it is completely saturated with the liquid, and until 
the tuipentme-liko deposit formed at flirst has heoome cvystalhne. It is then collected 
on a cloth, triturated with a little alcohol, washed with that liquid on the Alter, and 
afterwards dissolved in a small quantity of hot uhaolute alcohol containing sulphiirio 
acid the solution, on cooling, solirtifies to a crystalline mass. Purification is effected by 
pressing the crptals, and repeatedly subjecting a hot alcoholic solution to fractiomd 
precipitation -with hot water, whereby the less pure portions are thrown down first. 
The alcoholic solution mixed with a quantity of hot water barely sufficient to produce 
turbidity, yields large crystals on cooling. (Trommsdorff.) 

Laurent boils pine-resm -with water to free it from turpentine . extracts the pinic 
acid by means of cold alcohol, and dissolves the residue m boiling alooliol On cooling, 
the solution yields crystals, which are freed from adhering od by washing with cold 
alcohol, and xecrystalhaation from boiling alcohol Unverdorbou, and hke-wise 
Trommsdorff and Sievert, employ similar methods. The product thus obtained is 
abietic acid (Maly ) 

T „ — . T„.. „r..i.. alcoholic solution reduces the yield of the crystals (Sievert ) 
'* ltd forms colourless, transparent, tabular, rhomboidul piisius, 

'■I '1 (Huvei-dorben), indistinctly erystallme masses, also twan- 
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guliu; laminae (Rose; Lanrent). According to Si evert, the crystals are combinations 
derived from a rhombic prism of 96° and 84°, having the acute lateral edges much 
truncated, and terminated by sphenoidal faces, developed to such an extent as com- 
pletely to obliterate two faces of the prism. They are vitreous, brittle, and triturable 
to a white powder. 

Sylvie acid does not lose weight at 100°, or m a vacuum, and melts mthont loss of 
weight (Unverdorben) at 162 6°, but becomes quite fluid at higher temperatures 
(Trommsdorff) In a warm tube the crystalliaed acid, as well as that wWh has 
been previously fused, melts at 162° . but when heated in a retort, it cakes together 
(partially at 118°, and completely at .160°), and melts to athm clear liquid, which turns 
thick at 1 20°, viscid at 110° , and solidifies to a glossy moss, afterwards molting par- 
tially at 135°, and completely at 156° (Siovert) Sylvie acid sublimes partially at 
170°, in a thin crust, which, when dissolved in alcohol, yields crystals of the unchanged 
acid , the residue turns dark-red at 240°, but does not boil even at 290° (Sievert). 
It distils without much decomposition, yielding a trace of water, and a colophony- 
like distillate, an alcoholic solution of which deposits e^stala of unchanged sylvie 
acid, whilst the residue contains a trace of charcoal (Laurent). Inodorous and 
tasteless , reddens litmus. Rotates a ray of polarised light to the left, more power- 
fully than pimimo acid. Specific gravity = I’l Oil at 18°. (Sievert) 

Sylvie acid is soluble in aeeiio acid It dissolves very slightlji in cold alcohol 
of 66 per cent , and in about 8 pis of the boiling liquid, ftom which it a^stalUses 
on cooling, about ^Lth only remaining in solution , in about 3 pts of cold and 1 pt. of 
boiling absolute alcohol or ether, and is thrown down from the former solution by an 
equal quantity of water, as a semitransparent oil, which hardens to a crystalline solid 
on addition of more watei', or on exposiu-e to the air (tinverdorbeu) Sylne acid 
is soluble in 10 pts of cold and m fths of boiling alcohol of 92 per cent. , more freely, 
thei’efore, than pim.u'ic acid (Sievert) It dissolves in acetic ctlicr, roolc-oil, and oil 
oftwrpmtine, without crystallising therefrom (Uuverdorbeu.) 

Dooompositiona — 1 Sylvie acid submitted to dry duidlation {supra) yields water 
and empyi’eumatio oil, then a little gas, followed first by a thinner and aftorw.irds by 
a tbioker oil, containing sylvie and pinic acids and a largo quuutity of a neutral resin 
and oils — 2 Hiino and slowly decomposes sylvie acid, .ind dissolves it only on pro- 
longed boilmg , water throws down from the solution yoUow flocks, solnhle in ammoma, 
caustic potash, and alcohol — 3 Oil of vUnol rapidly dissolves sylvie aoid, forming a 
yellowish-brown solution, from which water precipitates unchanged aylvio acid and a 
large quantity of pinic acid (Tluverdorben.) 

Sylvates.— Sylvie acid combines with hoses, with elimination of water (Unver- 
dorben; Laurent) — (contrary to Bose’s statement) It expels the acid from 
carbonates, and when molted also from eucematee and benzoates, and from chloride 
of oalomm ; but salts of sylvie acid dissolved m woter ate decomposed by hone and 
acotic, and by stronger acids, with precipitation of sylvie acid. The salts are ob- 
tained —a By dissolving the acid in the aqueous base. — By proeipitating an 
acetate dissolved in alcohol by means of alcoholic sylvie acid, dissolving the preci- 
pitate in ether, and repreoipitating by alcohol, which retains in solution the excess 
of sylno acid. — y By double decomposition. Some of the sylvates are crystalbs- 
able ; afewof them ai'e soluble in water and alcohol, and all of them in ether (Unver- 
dorbeii.) 

Si/lmie of Ammonium ,is a viseid mass, more soluble in alcohol or etlier than in 
water , decomposed by heat. — The harmm-saU is precipitated from aqueous solution in 
erystallmo flocks, soluble in 3,000 pts. of w.itei, in 6 pts of cold and .i smaller quantity 
of boiling absolute alcohol, from which it is deposited in microscopio crystalline flocks 
on cooling (Tinverdorbeu) — ^Tbe normal calcium-salt, 0‘"II'“‘0a"O', is obtained by 
precipitating the potasaiura-salt with chloride of calcium, and a salt containing a 
smaller proportion of caloium le formed hy precipitating ulcoholie sylvie acid with an 
alcoholic solution of calcic acetate (Si evert ) 

The cupric salt, C'“H‘®Cu"0^, is obtained, m pale-blue flocks, on mixing the alcoholic 
solutions of sylvie acid and cupric acetate By dissolving this precipitate m aqueous 
ammonia, and leaving the solution to cool, or diluting it with water, tho same salt pa 
thrown down as a dark-blue mass, tritorable to a pale-blue powder when dry. 
(Sievert) 

Tlie/eirous and/cnic salts dissolve slightly in cold alcohol, easily in ether. 

Lead-salt. — The precipitate thrown down by alcoholic sylvie acid from alcoholic 
plumbic acetate, is a white, amorphous, easily fusible powder, containing, on tho ave- 
r.ige, 26'94 per cent, oxide of lead, agreeing nearly with tho formula 0''"F’’*Pb''0'', 
which requires 26 17 PbO (Bose). Sylvie acidheated to 168° with oxide of lead, loses 
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3’02 pel cent, -water: colciilation from the same formula requires 2 97 per cent. 
(Sievert.) 

The magnmumsalt dissolves in all proportions of alcohol of 65 per cant., and in 
absolute alcohol ; from the latter solution, a double volume of water thro-ws do-mi a 
colourless semifluid salt, -whicli dries up in the air to a transparent resin, and dissolves 
in ether and in mineral naphtha. — The manganese- and eme-salts are soluble m ahsoluto 
alcohol. 

Sglvates of Potassium,. — a. The normal salt, G^H^KO®, is formed by boiling sylvic 
acid with 6 pts of alcohol and -with carbonate of potassium, and is deposited from 
the filtrate on cooling in delicate white needles, which may also bo obtained by mixing 
the salt 7 with elcohoho sylvio acid (Un v erdorb en , Si evert). It melts to a ream 
when heated ; dissolves very slightly in water, slowly in 20 pts. of alcohol, more 
freely in hot alcohol, abundantly in warm ether and oil of turpentine, and to 
a less extent in olive oil (Unverdorhen) — j3 An acid salt, 0'“H™E:0” 3G’“H:™0S is 
produced by boiling alcoholic pot.ish neutralised with syl-yie acid, and solidifies, en 
cooling, to a orystailine mass, which may be purified by recrystallisiiig and pressing 
The same salt is precipitated from alcoholic sylvic acid by an alcoholic solution of 
potnssio acetate. It forms fine silky tufts of delicate needles , decomposes when boded 
with water, three-fourths of the acid being precipitated, whilst the normal salt remains 
in solution (Si evert). — y. A sparingly soluble basic salt appeal's to be formed by 
dissolving sylvio acid precipitated by water in caustic potash, and adding more sylvic 
acid (Eose). Carbonate of potassium added to an ethereal solution of sylvic acid 
tlu'ows down a colourless amorphous salt (Unverdorhen.) 

The silver-salt, C-'"H''‘AgO’, crystallises from oIcoW in shining grannies on spon- 
taneous evaporation. When boiled with potash and oil of turpentine, it behaves hko 
pinate of silver. Dissolves in 16 pts. of cold, and in a smaller quantity of boiling 
alcohol, and instantaneously in ether, which takes it up from water when suspended 
theioin. (Unvordorhen.) 

The sadiim-saU is obtained in crystnls, by boiling alcohohe sylvio acid with excess 
of sodie carbonate, and cooling the filtrate. (Unverdorhen ) 

Oxrmvio Acid (?) — ^When en alcohohe solution of sylvio acid is left for some time 
exposed to the air, or allowed to evaporate slowly, a viscid imcrystallisable substance 
ramains, which melts over the water-lmth, losing a little water, and forms, on 
ceohiig, a white brittle mass like colophony. This, according to Hesse (Ann Ch. 
Pharm. xxix. 141) and H. Bose, is an oxysylvic acid, Hesse found it to ooat.mi 
C^H’^O^. Eose however, in one experiment, found that the residue had the same 
eumpiosition as sylvic acid. 

BVX.'VIIirsi, or SVIiViTE. Chloride of potassium, ocourring in oubio crystals 
about the frimaroles of Vesnvius. 

sirtVINOXiIC ACID, (Maly, Wien. Akad Ber. [2], xliv. 121, 

Jaiesb, 1861, p S89.) — An acid produced, together -with sylvio acid, by saturating an 
alcoholic solution of abietic acid with hydrochloric acid gas , the sylvio acid then 
crystallises out, whilo the sylvmolie acid remains in solution, and is precipitated 
theveft'em by water, as a white flooculent powder, easily soluble in aloohol and in ether. 
On evaporating either of these solntionB, the acid remains as an amorphous pitchy mass, 
which melts with decomposition at 130°, Sylvinohe acid is dibasic. 

The potassnm- and sodium-salts are uneryatulliaabla, soluble in water and in aloohol. 
— The ealeium-saU, C“H*'Ca"0*, is a flocculent precipitate — The silver-salt, 
C"H“'Ag‘OS is a pnlvornlent precipitate nearly insoluble in ammonia. 

SYWCBOliB, CHBBSICAI., Seo FoEMULiE (ii. 696), and Notation (iv. 136). 

SYinnxoBPKOSIS. a name applied by Liebig (Ann Ch. Pharm. xxx, 256), 
to the kind of chemical metamorphosis which consists in the union of several simpler 
molecules into a molecule of greater compleaty , the conversion of 2 at. potasaie 
cyanide and 1 at. ferrous cyanide into 1 at. potassic ferrocyanide, of 3 at. cyanic acid 
into 1 at oyannrie acid, &c. 

SYiaPAXHETXC IWK. See Ink (lii. 272), 


SYMPHYTtnvx. A genus of plants, belonging to the order PoTuginaceas B. as- 
perrmum contains, in 100 pts. of the fresh herb, 88 pts water, 6 pts. matter soluble in 
•water, 3'2 soluble ib dilute potash, 2-6 woody fibre, and 2-3 ash free from carbonic acid 
The ash contains, in 100 pts. • 31 '3 K'O, 10 9 Na’O, 20 6 CaO, 1'2 MirO 0'4 A1'0“ 
17'2 S^O^ 3 9 SO» 11-4 P'0» and 3-1 CL ■ i 
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SYMPIBSITE. A mineral supj^osed to be a ferrous arsenate, found at Lobeii- 
stein m Voigtland, m minute, monoelmio, prismatic crystaJs resembling cobalt-bloom, 
cleavable parallel to tbe large lateral face. It has a greenish-bltie colour and vitreous 
lustre, pearly on the Cleavage-face , hardness .- 2 5 nearly; speoido gravity = 2'067 , 
subtransparent to subtranslucent. Heated in a glass tube, it turns brown, and loses 
25 per cent water. On charcoal it emits an alliaceous odour, turns black without 
melting, and is afterwards magnetic. (Breithaupt, J. pr. Ohem. x. 601.) 

SYHA.KTHERnar. Sea SofiSTBiN (p. 311). 

SYK’A.PTA.SE. Syu. with Bmxtlsih (ii. 188). 

SYIfSIlSItllSSS. Laurent’s name for the so-called conjligated compounds. 

SYKTOVIA. A clear, yellowish, very viscid, alkaline fluid, found in the joints of 
animals, where it serves the purpose of lubrication It contains — water 94'86, albumin 
and extractives 3'61, fat 0 8, salts 1 00. (Brerichs.) 

SYNTHESIS, CBEMIO All. The formation of compounds by the union of their 
elements or proximate oonstitnents. On the synthesis of organic compoimds, see 
OnOAina CHEinsruT (iv 216); alsoBerthelot(CAi»iieor^(mijpic/o««f^e4ar/a^«!:A^sfi, 
2 tomes, Paris, 1860 ; and Ohem Soc. Qu. J. xvn 87). 

SYN'TONllsr (<ri/i'T^ivM) Musck-fibrin . — ^This name was given by Liebig to a 
substance which oau readily be prepared from muscular or contractile tissues of all 
kinds. Muscle freed from blood, finely minced, and thoroughly washed in_ the cold 
until the wash-water no longer gives signs of the presence of albumin, is treated 
with tenfold its volume of diluted ( 1 ;per cent.) hydrochloric acid, and left to stand for 
24 houi's The acid solution, after being strained and filtered, is carefully neutralised 
with Bodio carbonate, and the resulting precipitate filtered oflf and washed The 
operation should be carried on at a low temperature, and pushed forward as speedily 
as possible, m order to avoid decomposition. 

Ssmtonm thus prepared appears on the filter as a white, opaque, gelatinous mass, 
readily separating into flakes and pellicles. Composition 0 64'06, S 7’28, N 16'06, 

0 21 60, S 1 U It IS readily soluble m very dilute hydroohlone acid, in feebly 
alkaline liquids (such as a solution of sodio carbonate), in baryta-water, and in lime- 
water It IS quite insoluble in solutions of sodic cliloride, &c., at all degrees of 
concentration. 

The hydrochloric acid (•! per cent.) solution is not coagulated by heat, but the addi- 
tion m the cold of chloride of sodium, calcium, or ammonium, or of sulphate of 
sodium or magnesium, produces in dilute solutions a milky turbidity, in concentrated 
solutions a gelatinous precipitate, which on being boiled separates into flakes. Tho 
sodic carbonate (1 per cent ) solution is not coagulated by beat, but is rendered turbid 
in the cold by sodic chloride, nr by a mixture of magnesian sulphate and elUoride of 
ammonium , the tarbidity increases when the mixture is boded, and the froth formed 
contains opaque flakes The lime-water solution is not coagulated by heat, but froths 
freely , and the froth contains flakes, which may be separated on standing. Only a 
fraction, however, of the syntonin is thus, so to speak, coagulated In tho lime-water 
solution the chlorides of sodium, ammonmm, and magnesium produce in the cold little 
or no turbidity, on boiling a more or less copious deposit , sulphate of magnesium 
produces in the cold a slight turbidity, on boding a flaky deposit , sulphate of sodium 
produces not oven a turbidity, either in the cold or on boiling A lime-water solution, 
which has been boded and allowed to stand, stiU exhibits these reactions (Hiihno, 
Frotoplasma) Brom the alkaline solutions, syntonin may bo thrown down hy a 
stream of carbonic anhydride. Although neither the alkaline nor the acid solutions 
aro coagulated by heat, syntonin, when suspended in water and healed for a few 
minutes to 86°, is altered, and enters into an insoluble form. With strong acetic acid, 
syntoain forms a turbid gelatinous mass A solution of syntoniu in dilute hydro- 
chloric acid exhibits a specific Iffivorotatory power of 72° for yellow light. 

Although syntonin is most readily obtained from musclr, it may be prepared in 
many otlier ways. If flbiin or coagulated albumin be treated with fuming hydro- 
clilorio acid, the solution. Altered and diluted with twice its bulk of water, gives a copious 
deposit, which, when separated and dissolved in water, forms a solution identical in its 
reactions with an acid solution of syntonin. If a solution of potassio albuminate be 
precipitated with acetic acid, the washed deposit dissolves in hydrochloric acid of 

1 per cent., and the solution is undistinguisliablo from an ocid solution of syntonin The 
uncoagulated albumin of ben’s eggs, treated with a sufficient quantity of •! per cent 
hydrochloric acid, forms a solution which, after 24 hours’ standing, becomes nneoagn- 
lable by heat, and gives all the reactions of ^tonin In fact, all the forms of albumin 
treated with dilute hydrochloric acid, give rise, in a greater or less extent, to syntonin, 
and the paiapeptone of M ei s sn er, the imtial stage of peplonification, cannot, by any 
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of its reaetiOBS, be distinguished from syntonm. Lastly, the alkaline solutions of 
syntonin seem in no way to differ from the solutions of ordinaiy potasaio albnmi- 
UHte. 

Syntonin, therefore, is no special musde-product, though it is more easily and 
speedily formed out of myosin than out of any other proteid snhstance M, P. 

SirRXA. A red dye-stuff, occurring in commerce as a dark-red, tasteless, and 
inodorous powder, which imparts a red colour to water and alcohol, end burns with 
the odour of horn when heated. According to Vizey (J Pharm xxri. 167), it con- 
sists of the incompletely eidiansted residue of Coccus Ihcus, theroiore for the moat pni't 
of elntm, tniied with coccus-red. 

SVaiirOA VUZiGAItZS. Ctmvmon lAlae —The loaves of this plant contain, 
according to Du me nil (Trommad. K. J. xi, 117), imcrystallisable sugar.— Ludwig 
(Arch Pharm. [2] xci 289) found maninte in them, also in the young bmnrhes, 
Pernays and Kromayer (««/V«) found in the leaves, branches, and bark, a gluco- 
side called ayrra^m,— Moillet (Ann. fih Pharm. id 319) obtained from the leAvea 
and green seed-capsules, a'CrystaUisable substance, wbicli he designates as hUrcin , it 
xcsomblos syringin in all its properties, excepting in having d bitter taste, and being 
insoluble in water. According to Mulder (J pr Choui xxxii. 172 ), the waxy sub- 
stance contained in the leaves has the composition of oidinary wax. The odoriferous 
principle of the flowers may he obtained (according to Pavret, J Chim, mM. xiv 
212), by extraction with ether, as a viscid oU, composed of a waxy body and a mobile 
oil. 

SYRINGElrZlS'. C'*H“0‘ffO. — A substance obtained, together with fermen- 
table sugar, by warming syringin With dilute snlplumo or hydrochlorio acid It is 
deposited in viscid cohering flocks, and forma, after washing with water, a light roao- 
coloured amorphous mass, which becomes iinhydious at 100°, melts at 170° — 180°, is 
insoluble in water and in ether, dissolves with clierry-ied colour in alcohol, and 
separates from this solution, on evaporation, as a liglit ciniiamon-oolourod powder, 
composed of tranepaiont globules It reacts with acids like syringin. (Kronia- 
yor.) 

STRnrGIir. C>‘'S“0’M[*0. (Bernays, J pr Cham xxv 121.— Kromayer, 
Arch Pharm. [2] cviu. 7; cix 18, 21(3, cim. 19, Jabraab 18(32, p 484; 1868, p. 
692.) — This compound, discovered by Bevnays in 1841, and more completely investi- 
gated by Ki'omaycr, oconi's ni the bark of (he lilac, more obundiintly in March than in 
Apiil, not in the leaves or in the half-ripe fruit, and only itt tiaces in the leaf-buds. 
It disappears as the season advances. Us place being apparently supplied by syringo- 
picriH (Kromayer). Ligiistrin from privet-burk (hi 694) is (aooordiiig to Kro- 
mayar) identic^ with syrmgm Maillot’s hlacin {supra) is probably also the 
same suhstaneo 

To prepare syringin, the bark is exhausted with hoiling water, the extract precipi- 
tated with basic acetate of lead, theflltrate treated with sulphydno acid, and after re- 
moval of the sulphide of lead, evaporated to a thin syrup, which solidifies in the course 
of a day to a crystalline pulp This moss is purifled by stirring it up with cold water, 
then pressing, and recrystaUismg it from boding water, with aid of animal oharcuaL 
The syringin dissolved in the wash-waters is obtained by evaporating the liqiud, and 
ngitatmg the lesidue with alcohol, which takes up the syringin. (Bernays; 
Kromayer) 

Syringin crystallises from alcohol in long, colourless, transparent needles, containing 
4'6per cent (1 at.) water, which they give off at 116°, leaving anhydrous ayringiu, 
0'"ll-"'O’“, which melts at 212° to a colonrlcss liquid, and solidifies on cooling to an 
amorphous, triinspavcnt, hard, friable, tusteloss, neutral mass (Kromayer). Ligus- 
ti’iii from privet melts at 186° — 190°. (Kromayer.) 

Syringin dissolves sparingly in cold, easily in hot water , it is soluble also in alcohol, 
but not in ether , it does not precipitate metallic salts 

DcLompositions — 1 Syringiu, when heated, decomposes below its melting-point, 
giving off an odour of caramel, and hnrnmg away , — % ThoaqueousoralcohoUcBoliition 
of syringin acquires a fine dark-blue colour when mixed with on equal volume of od of 
vitriol; with a larger quantity of od of vitriol, the oolonr changes to a beautiful violet, 
and the liquid on standing deposits blue, and on addition of water, grey-blue flocks, 
which .dissolve with cherry-red colour in alcohol and in ammonia. — 3. When cniitiously 
heated with fuming hydrochloric acid, it dissolves without coloration, but on boiling, 
the solution assumes a light violet-red eolonr, and deposits blue flocks — 4. An .squeuiis 
solution of syringin through which chlanne-gas is passed acguivcs a red-biown colour, 
but after awhile becomes quite colourless. At the same time an acid la forinud, Imving 
a hitter irritating taste, and assiuning a dark-blue colour when unxecl with feme 
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oTilonde. — 5. Synngm dissolves quickly m strong nilrza aoid, forming a daep blood- 
ied solution 

G When aqueous syringin is boated with dilute hydrocMoric aoiiZ, the solution 
becomes milky, and deposits adbering lumps of syringenin, -whilst fermentable sugar 
remains dissolved 

+ H'O = C»H«0^ + C»H«0". 

1 00 pts ciysUUised synngm yielded 6177 pts air-dry synngonin and, on the average, 
tl pts. sugar (oule 62'67 pts. hydrate of syringenin and 41 47 sugar • Kromay er) 

Syringin does not reduce either cuprate of potassium, or mtrate of sdm-, and is not 
altered by alkalis (Kromayor ) 

SVRI14Cr07IGB.XIT, This, substance remains in the alcoholic mother-hquor from 
■which Bjringm has crystallised, and may be extracted therefrom by animal charcoal. 
By treating the charco^ with hot alcohol (after washing it with warm water), a solu- 
tion is obtained, which yields by evaporation (after being agam treated with charcoal) 
a yellowish bitter substance, which is soluble in water and in alcohol, but not in ether; 
IS precipitated by tannic acid, but not by basic acetate of lead , and does not reduce aq 
alkaline euprio solution till it has been boiled with dilute snlphurie aoid, (Kro- 
mayer, ho. oit.) 

STBirP, A concentrated solution of sugar. In the sugar-manufacture, the term 
is applied especially to the mother-liquor remumiug after the cane sugar has crystallised 
out, In pharmaceutical language, it is applied to solutions of augur, either lu piu-a 
water, in the decoction or infusion of any medicinal substance, in -vinous infusions 
or in pressed and fermented fruit-juicaa, 

SZuaXBEl.'YITE, A hydrated borate of magnesium, ocouiTing imbedded, in 
rounded grains and microscopic needles, in the fine-grained limestone of the metallife- 
rous deposits of Bezbanya iii Hungary, and remaimug behind when the limestone is 
dissolved iii dilute acids. Specific granty of the needles =, 2 7, of the grains = 3 0. 
It gives off water when heated, but reabsorbs it after cooling. Before the blowpipe, 
it splits and swells up on the edges -with strong incandescence, then molts to a tumefied 
and finally horny brownish-grey mass ; colours the flame red to yellow-red. In phos- 
phorus-salt it dissolves slowly to a clear glass, yellowish while hot, colourless after 
cooling ; in borax, after prolonged effervescence, to a dear head having a faint reddish- 

f 'ey colour, hut remaining colourless after exposure to the reducing flame. (K. B, 
eters,Wien Akad. Ber. xliv. [2] 143, xlvii. [^2] 347, .Tahresb 1862, p. 1029 ) 
The following analyses by A Stromeyer (JaVeab 1863, p 8,36), show that the 
composition of the needles is 6MgO 2B'-‘0'‘ ^H*0, and that of the grams, 6Mg0,2B'0® 

mo MgO. Fe’O’. WO. 01. Quartz, 

Needles . 36-66 62 49 1-66 6 09 0 49 0-20 trace = 98-49 

Grains . 34 60 49 44 S 20 12 37 0-20 . . . . = 99 81 

SZESKO. The Hungarian name of native aodic carbonate. 


T 

TABASHEEB. Hydrated silica, ocenrring m stony concretions in the joints of 
the bamboo. It resembles bydrophane, and when throstn upon water does not sink 
till coinpletely-saturatecl therewith. It is the least refractive of all kno-wn solids, its 
index of refraction, for the yellow ray, being 1 115 Boat van Tonniiigen (Jabresb. 
1860, p 631) found in tabasheecr from Java, 86 39 per cent silica soluble in potash, 
0 42 ferric oxide, 0-24 lime, 4-81 potash, 0 61 organic matter, and 7 63 water 

XABEBBITE, A chlontic mineral from Taberg in Wermland, Sweden, closely 
resembling clinochlorc in external aspect and in reactions , and containing, according 
to Svanberg (Bei'z Jahi-esb. xx 236), 36 76 per cent silica, 13 03 alumina. 30 00 
magnesia, 6 34 ferrous oxide, 1 64 manganous oxide, 2-07 potash, 11 76 water, and 0 67 
fluorine. According to Bescloizeaux (Ann Min. xi. 280), it is optically biaxial, 
like clinochlorc, and differs in composition from that minmal only in consequence of 
admixtures 

TABTtx.AB SBAB. Wbllastomte. Native silicate of ealeium, Ca’SiO”. (See 
Silicates, p. 262.) 
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XACASOCAKAC. G-mn’imTakamahak. — A. roain foiraerlj? used foi- fumigation and 
for plasters. There are t-wo -varietlea of it — a West Indian taeamaliae, from Ela- 
phnwm imentoswm, Jacq. (Fagara oetandra, L ) and E excelsum, Ktb . trees Iwlonguig 
to the order Buracmceis, and indigenoua in Mexico, the W eat Indies, and South 
America. The ream exudes from the bark, and hardens on esposiiro to the air It 
forma reddish or hro-vraish lumps, having a hitter aromatic taste, imperfectly soluble 
in alcohol and alMis, perfectly soluble ra ether and in oils, both fat and volatile, — 
The Bust Indian variety, from CalophyUum inophyllum, L. (according to Bindley 
from C Calaha, L.), an East Indjan tree belonging to the order Clusiacus, is very rare. 
It IS a greenish-yelW ororange-coloimed, soft, reamoiis mass, which gradually hardens, 
has an agreeable lavender-hlce odour, and aiomatic somewhat bitter taste; melts 
easily, and dissolves completely in alcohol. 

trACBVAPBAXXITS. A mineral discovercrt by Weibyo (Pogg. Ann Ixxxvm. 
160), at Erageroo m Norway, where it occurs imbeddedm granite veins in the gneiss. 
According to Berlin, it contains 34'68 per cent Bihca,38'90zireonia, 12 32 thorina(?) 
8T2 feme oxide, 1 85 alumina, and S 49 water. It forms dimotrio crystals, hko those 
of aircon, being combinations of the pnsms ooP and ooPoo with two octahedrons — one 
of no® (torminal edge), the other of 60° Cleavage not very distinct Praotiu'e 
couchoidal Bnrdness = 6 62 Speciflo gravity = 3'd lustre submetallio to 
vitreous Colour dark reddish-brown. Streak dirty-yellow. Subtranshicont 
Heated in a tuba, it gives off water with slight fluorine reaction Before the blowpipe 
It becomes dirty-white, but does not melt. In borax it dissolves with difficulty j 
with soda, on platinum, it forms a dirty yellowish-brown slag. 

VAGHYDBITE. Ca'Mg-Cl' 12H20 or Oa''OP 2Mg"CP llffO.—This mineral 
oociu’s in tliesaline deposits of Stassfnrt, in roundish, yellow, transparent to translucent 
lumps, which are imbedded in compact anhydrite, and contain small crystals of tlie 
latter enclosed •within, themselves. It cleaves diatinctly in two directions. Hehquesoes 
quickly when exposed to the air 

'I'ACK'8'Ii'V"SB. Comhmdal Augite —A silicate oeeurriog in basalt on the Shsehiihl 
near Daunsfold m Hanover, and eontaiuiiig (according to Schnedermanii) 66 74 
per cent, silica, 12 40 alumina, 18'06 ferroso-ferric oxide, 7'28 hme, 6 92 magnesia, 
3 88 soda, 0 60 potash, 0'19 mangiinous oxide, and 2 73 water. It is amorphous, with 
eonehnidal, oven or unoven fracture ; black and opaque, -with waxy lustre and dark- 
grey streak; brittle and somewhat magnetic, hardness = 6 5; speoifio gravity = 
2'665 — 2 398. Before the blo-wpipe it melts very easily, and with lutiimescenoe, to a 
blistered, brownish-green, magnetic glass, and gives with borsx the reaction of iron 
Bycdomelane, a mineral occurring in the porous basalt of the Vogelsgebirge in 
Hesse, is usually regarded as identical with tachylyte, but according to Hausmanii 
iSanib d. Mtnercd. u 646), it is a distinct species. According to an analysis by 0. &. 
Gmelin (Pogg. Ann. xlix. 284), it contains 
SiOi. T10« A1503 FeO. C.O. MgO. Na»0. K«0.‘ MnO. 

60-22 1-41 17 84 10'26 8'26 3'37 6'18 3 86 0’40 0 60 '= 1O1'20 

Neatly allied to it is a mineral 6om the 'Wetteraii, likeivise analysed by Gme- 
lia (Leonhard’s N, Jahrh. f. Mineral., 1840, p. 649), which has a specific gravity of 
2'706, does not gelatinise -with acids, and is not decomposed oven by boding with strong 
sulphntieaeid; alsoa scoriacoous angite, descvihedbyB.L G.Karsten, and analysed 
by Klaproth {JSeitrdge, iv. 190), from u limestone deposit at (Juihane in Sicily. 
(Handir. d Obem.,'Viii. 467 ) 

TJElVXZir, or Ktmsin —A resinous substance, supposed to constitute the active 
principle of koiisso-flowers (the flowers of Bragem anthdmintka). It is extracted 
by digesting tho flowers with strong alcohol containing a httle potash, and is obtained 
by evaporation as a resinous mass, or as a white powder having a bitter nauseous 
taste It melts at about 100°, is nearly insoluble in water, soluble in 1300 pte. spirit 
of 45 per cent, at 17°, and in 12 pts alcohol of 90 per cent. ; it dissolves in ether in 
nearly all proportions, and with tolerable facihty in alkalis, whence it is precipitated 
by acids. (Pnvesi, Buchn. N. Eeport. viu. 326.-— Bedall, %biA 646 ) 

TACFIXiItrxi. A basic cupric phosphate, Cu'P'O’.Ou'H'Oh from Nischne-Tagilsk 
(iv. 661). 

TPACtVA-WTJT, The fruit of Fhytel^has maeroompa, worked as “ vegetable 

TA-HOirC. A lead-glass containing ferric oxide, used in China as a red enamel 
colour on porcelain. 
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TAIOXr WOOD, A wood from Para^ay, resembling gnaiaenm-wood m appear- 
ance and speeiflo gravily. It has a greemsh-brown colour -when fresh; becomes covered, 
on exposure to the air, with a greemsh-yellow crystalline powder ; and exhibits under 
the microscope yellow oblique prisms, together with shining, .colourless, thin, six-sided 
tables the latter are not altered by alkahs ; the former, which consist of taigme acid, 
are reddened thereby. Strong boiling alcohol extracts from it 13-7 per cent, of a mix- 
ture of tiiigiiio acid with Tesmous and waxy suhstanees The wood, after 'drjnng in 
hydrogon-giis, yields, when boiled witli water, 6 7 per cent, of a gnm-resm smelhnglito 
benzoin, after which alcohol again extracts from it 2 6 per cent, of resinous substance. 

TAIOTIIC AOXD, (Arnaudon, Ounento, vii. 37; Jahresb. 1868. p. 264 )— This 
acid, which occurs in the cold alcoholic extract of taigu wood (supra,), is freed from 
admixed resins by repeated treatment with alcohol, and from waxy matters by ether . 
the solution is then evaporated, and the residue dried • 100 pts, of the wood yield 2 pts 
of the acid, 

Taiguio acid crystallises in oblique prisms Laving a fine yellow colour • it is tasteless 
and inodorous , but when rubbed, emits an unpleasant odour, and becomes electnc it 
melts at 136°, and suhhmes at 180°. It is but very shghtly soluble in water, even at the 
boiling heat (about 0 001) ; but when heated with water to 140° in a sealed tube, it 
dissolves in larger quantity, and crystallises on cooling. Acetone, ethers, henzeae, 
and strong alcohol dissolve it freely. It contains 70 9 per cent carbon, 6 9 hydrogen, 
and 23 2 oxygen, agreeing with the empirical formnla 0*H‘'O. 

Taiguio acid unites with bases, forming erystallisable salts, from which it is separated 
unaltered by ths stronger acids. "With the alltahs it forms easily soluble salts havnig 
a deep red ooloiu', the procliiotion of which is quite independent of atmospheric or^geu , 
hence taigmo^ acid forms a very delicate test for tho presence of alltahs The 
neutral solutions of the alkaline tniguntes form, -with neutral acetate of lead, 
an amorphous scarlet precipitate, which, lu contact with water, gradually becomes orys- 
talhne and reddish-yellow ; it is slightly soluble in water, more soluble in alcohol, and. 
18 obtained la pointed crystals by evaporation of the alcoholic solution — Nitrate of 
silver forms, in neutral solutions of the alkaline taignates, a oinnabar-coloured pro- 
oipitale, which is decomposed by exposure to light, is nearly insoluble in water and lu 
etlier, moderately soluble in alcohol, freely in ammonia 

TAXOirSAVEk Syn. with Nbbhuite (iv. 31). 

TAIiC. 4Mg"0 6SiO® JH’O. — This mineral occurs both ciystallisod and massive , 
the massive variety is called steatite,* and was formerly regarded as a distinct 
species ; hut it has the same composition ns crystalhno talc 

Tale usually forms lamoUar crystals, which cleave perfectly in one direction, but 
are too incompletely developed to admit of an exact determination of their crystalline 
system , they are, however, optically^ biaxial, and, besides tlio principal cleavage, exhibit 
also traces of cleavage m two directions obhquely inehned to oue another. The crystals 
are of various sizes, forming plates, laminze, and scales, and are sometimes elongated 
in one dheetion, They also occur aggregated, in crystallo-lammnr, ratlio-lnminar, or 
scaly groups, which m larger masses often exhibit a true slaty structure (talcoso slate), 
Tlie lamellffi are very flexible but not elastic, and imetuous to the touch Talc is very 
soft, its hardness being, in foot, adopted as the unit of the scale Speoifle gravity =. 
2'6 to 2'8. It is colourless, white, grey, greenish-white and greenish-grey, apple-green, 
leek-green, and yellowish-white to yellowish-grey, transparent (in thin lamellse) to 
merely translucent on the edges, and has a waxy lustre, nacreous on the perfect 
cleavage-faces When heated before the blowpipe, it glows brightly, usually exfoliates 
and burns hard (to a hardness of 6), hat does not fuss , with phosphorus-salt it yields 
a skeleton of silica, and when moistened with eoholt-solntioii, and ignited, it becomes 
pale-rod It is insoluble in acids both before and after ignition. 

Compact steatite (SpeoKsttin of the Q-eimaus), which occurs massive, imbedded in 
kidnay-sliupod and noduTiu' lumps, also os pseudomorpbs after quartz and dolomite, has 
an uneven to splintery fracture, a greasy feel, and does not adhere to the tongue Its 
speeifiogravity and hardness are, forthe most part, thesameasthoseof tale, the liardnes.s, 
however, is sometimes rather greater (=■ 1 ^ It is white, grey, yeUow, rad, green, 
dull, opaque to translucent on the edges. Wlien heated in a glass tube, it gives off a 
littls water ; before the blowpipe it does not melt, but bums to a degree of hardness 
sufficient to scratch glass ; when ignited with cobalt-solution, it becomes pale red. It 
is decomposed by boiling sulphimo acid, differing m that respect from crystalline tale. 

Potatone, or Lams oltaru, is a coarao dark-eolourod steatite, more or less impure 

Pure talc, 4Mg'0 eSiO^^H’O, contains 62T4 per cent, silica, 32 92 magnesia, and 
4 94 water. Tho numerous analyses of the mineral in its several varieties exhibit hut 

* Soapatone (nlao called atcntlte) is n mineral of diiferent composUlon— viz., slllcjte of mugnesluni 
and aluminium (p. 824). r , o 
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Blight deviation from this composition — viz, from about 62 to 64 per cent, silica, 28 to 
33 miignesia, and 2 5 to 6 water, with from 0 5 to 7 per cent, ferrous oxide replacing 
part of the magnesia, and occasionally small quantities of alumina, lime, &c , which 
must be regnidod ns impurities Some varieties appear to be anhydrous, or to contain 
but very httle water ; but this result is perhaps due to defective analysis, as the water 
is expelled only at a very strong red heat (For the individual analyses, see Bam- 
m.&\sheT:s's Mvneralcheme, p. 617.) 

Talc IS a very widely diflfhsed mineral, some of its varieties (especially, common talc, 
potstone, and steatite) forming extensive beds in regions of crystalline rocks Apple- 
green talc occurs in TJnst, one of the Shetland Isles , also on the Greiner Mountain in 
Salzburg, and in the Valais, &c. Potstone occurs in the Valais and the Grisons, and at 
Wald m Styria. Extensive beds of steatite oceurin various parts of the New England 
States— nleo in New Jersey, Pennsylvania, &e 

Green taloose minerals occur at Eahliin in Sweden, and at Gaetoin in the Tyrol A 
white, large-laminated, and radio-laminated talc from Pvesenitz, in Bohemia, contains 
about 68 per cent, silica, 26 magnesia, 1 2 to 1 6 ferrous oxide, and 4’1 water. 
(Scheeror.) 

Slabs of steatite are extensively employed as firestones in ftimacos and stoves. It 
may be turned in a lathe, and formed into tubes by boring. When ground, it is used 
for diminishing friction It is also employed in the mftimfaotui'e of some kinds of 
poroolain Venetian talc is used for removing oil-stains from woollen cloths, &c. 
(Dana,ii 277.) 

TAIC, INItTmATED. The harder vaiieties of steatite. 

TAliC, WHIXEifrom China, syn. with AoAi,MATOijlE(i. 60). 

TAIC-AI.D'Wt. A term sometimes applied to magnesio-aluminio sulphate 
(p 683). 

XA1.CAPATITH. A variety of apatite containing magnesia, ooourring in six- 
sided crystals, grouped or single, in the chlorito-slate of th» Sohisehimskau Mountains, 
near SlatoustintheUral. AceordingtoHermann (J pc. Ghent, xxxi. 101j,it contains 
37 80 per cent lime, 7'74 magnesia, S0‘O2 phosphoric acid, 2 10 sulphurie aeid, 0'91 
chlorine, 2’23 fluorine (and loss), 1 00 oxide of iron, and 9 60 insoluble matter. The 
soluble portion may ha represented approximately by the formula 30a®P®0®.Mg®P'“0“ , 
but it is probably only an impime apatite, the magnesia being derived from the gangne. 

TAIiC-CHIiOSlTB. Syn. noth CLiHOCHtoHB. 

XAZiC-IRON'-OBE. ifapneatatt Iron-ore. Ta/kdseners Teseeramismaffnesifcr . — 
This name is applied by Breithanpt {Handh. d Mmeralogie, iii 778) to an iron-ore 
from the State of New York, consisting (according to P la ttner) of feiTous oxide with 
much magnesia, a somewhat considerable quantity of titanic acid, and a small quantity 
of alumina, but no eliromium. It forms eubo-octahedrons, fissured internally, but 
exhibiting only traces of cleavage parallel to the cubic and octahedral faces. It is 
opaque, iroii-hlack with black streak, and nearly somimetalho lustre Hardness = 
6 0. Spceifle gravity = 40 to 4 6 Very slightly mugnelie. Behaves before tlio 
blowpipe like titaniferons iron-ore. 

XAEC-IBOXTSTOirE. Taftoensfoi'n.— Breitbaupt’s name for a mognotie 
iron-ore from Sparta m New Jersey, having the ferrous oxide p.artly replaood by mag- 
nesia. It IS slightly magnetic, and has a density of 4 41 to 4 4 2 Allied to this is the 
magnesiferous magnetic iron-oro occurring m imperfect octahedrons in the slatea of the 
Mourne Mountains m Ireland, and containing, according to Andrews (J pr. Chem. 
Ivii. 876), 71'11 per cent Pe*0“, 21 68 Ee’O, and 6 45 MgO — Also Eammelaberg’a 
magnofeirite from Vesuvius (lii. 784) 

TAXC-OABTiTET. Talhgranat Talkthongranat. Magnesian garnet from 
Arendal in Norway (n. 772) 

TAXOXTE, or TAXXITE. A mineral from Wieklowm Ireland, allied to nacrite 
(iv. 1) 

TAXCOID. This name was applied by N aumann to the white laminated tale 
from Pressnitz in Bohemia (supra), 

TAXCOSE SXATE. A dark slaty rook, having a somewhat greasy feel, and 
consisting largely of talc, intimately mixed with felspar and quartz. 

TAXEICOOirAH-OIX. Syn. with CauApa-ou. (i 749). 

TAXEIKC-XTE. An oxyeWoude of copper, allied to .ataciimite, from the Botalkck 
mme in Cornwall It forms greemsh-blne, thin, somewhat crystalline crusts, eo’mposcd 
of small spheiTiles. Hardness = 3. Specific gravity = 35 It is insoluble in water. 
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easily soluble m dilute aoida and m nmmouui, and turns green, witli loss of water, at 100° 
It contains 66 24 per oemt cupnc oxide, 11 33 chlorine, and 24 18 water (= 101 73), 
besides traces of carbonic acid, arsenic, alumina, and sodic chloride whence the for- 
mula, C!u"0P.4Cu"H*O’ 4lh'0 (Church, Ghem Soe Qu. J. xviii. 77). For atacamito, 
Church, calcidates the formula Cu’’OP 30u”H-0’ 11-0. (Compare i. 429 ) 

Another cupric oxychloride from the same mine, called hotallaohtie, occurring in 
thmpalemou. itain-groen ernsts, of specific gravity 3 6, was found to contain 66 OS 
per cent, Gu'O, 14 76 Cl, and 22 46 flO (= 103'22), whence the formula Cu'Cl® 
3Gu"H“0”,3H’0 A blue cupric oxychloride, also from the same mine, appeared, from 
a prehininary analysis, to consist of Cu"Cl’ 60u"H“0- effO. (Ohu roh, ihtd. 212.) 

TAXiliOW. This name is appKed to the harder and less fusible fats, occurring 
chiefly, though not exclusively, in the animal kingdom, the most common being beef 
and mutton tallow. The most solid of the vegetable fats are cacao-fat, from Thai- 
brorm Cocoa , Chinese tallow, from the bernes of Shlhiigia tehfera , myrica-tallow, fieiu 
the bernes of Myrica ccrifero (which, however, is rather a wax) , virola-tallow, from the 
shelled almonds of Myrodtea sebijera, and pmey-tallow, from the fruit of Valeria 
indica. Goooanut-fat is also frequently c.dled a tallow, though it has rather the eoa- 
sistonoe of butter. (Sea the names of tho several plants in this Dictionary, alsn 
Gnwhtis Handbook, xn. 386—400 ) 

Animal tallow consists chiefly of stearin, palmitm, and olein, the stearin pre- 
dominating, but varying with the species of the animal (c g , mutton and deer tallow 
arc mostly harder and less fusible than heef-tallow), and with the ago, mode of feed- 
ing, (So. The tallow is separated from the oeUnlar tiaene in which it is enclosed (the 
entire mass constituting suet) by melting This operation is performed at the lowest 
possible temperature, and is much facilitated by tho addition of dilute sulphuric acid 
(1 pt, oil of vitriol and 20 pts water to 100 pts. billow) Tho melted tallow is white, 
if pure , a less pure tallow, which li.i3 a yellowish colour, may bo bleached by exposure 
to light and air , more rarely, theblonclimg is effected by the use of chemicalreagents — e .</ , 
by heating 100 pts. of the tallow with 1 pt. sulpburio acid and ^ pt red cliiomate'of 
potash, or 200 pts tallow with 1 pt nitric acid and 1 pt oil of vitriol 

Tallow, especially that of tho ox and sheep, is largely used for the manufacture of 
soap and candles ; in smaller quantity also in pharmacy. 

TAZiMI GOXiB, au alloy used for the maiinfaeturc of trinkets, coiit. 11113 , accord- 
ing to Sauerwein (Diugl. 1. clxx 164), 86 4 por cent, copper, 12 2 zinc, IT tin, 
and 0'3 mon. 

TA-IiOU. The Chinese name for a glass flnx, consisting ehiofly of silicate of lead 
with a little copper, used as an enamel ooloiii onpoicclain. (Ebelmcn and SalvAtat, 
Ann Oh. Phys. [3] xxxv. 844.) 

TABtrAIiITB. The name given by Dom6ylco(Jahresb. 1863, p. 816) ho a black 
or brown-black cryst.illn e mineral from amino in the desert of Atucamii, contain- 
ing 44 5 per cent OuO, 2 4 CaO, 0 8 MgO, 16 2 A1^0“, 11 3 P6»0», 20 8 SiO-, OT Cl, and 
2 6 loss bv Ignition t ■= 99 2) According to TTlex 1866, p 888), it is a fine- 

grained mixture of ataoamite, malachite, red haematite, and calcspar, iiitoraected by 
crystals of tourmalin. 

TAIMEAKIKBS. Fructiti Tamarindaruni . — The pulpy mass contained in the pods 
of Tanmmdiis mdica, a leguminous tree growing 111 the East and West Indies, 111 
Egypt, and in Arabia It has a faint vinous odour and agreeably acid taste Vau- 
quelin (xVnn Chun v 92) found m East Indian tannirinds, sugar, giwn, poetic acid, 
malic, citric and tartaric .icids, acid tartrate of potassium, and oelluloae Schaelo 
did not find citric acid. According to Gorup-Besanez (Buclm-Ecpert. Ixviii. 260), 
tamarinds likewise contain acetic and formic acids. 

TAIHABITB. Chalcopbylhte Oopper-mtra (m part ). — A basic cupric arsenate, 
occurring in liiombohedral crystals, also folniteil, massive, and in druses Principal 
axis of rhoiiibohad roil = 2 6636 Anglo E E (terminal) = 69°48’,oE:E= 108“ 
4'. Observed combination, oB E, also with + 2E, —^E, and coB. Cleavage highly 
perfect parallel to oE, which plane is sometimes tnangnlarly striated Hftrdness = 
2. Specific gravity = 2 4 to 2 66 Lustre pearly on tho base vitreons or subadamantine 
on the other faces Colour emerald- or graes-green tovorditer-groen Streak somewhat 

E aler. Fracture scarcely observable Sectile When heated it decrepitates and exfo- 
ates. Before the blowpipe it yields a seoriaceous mass enclosing a button of cop|iei' 
Analyses — n, by Cheiievix (Phil Trans 1801) — A. Specific gravity «.2 436 (Her - 
raann, J. p' Cbcm. xxxiii 294). — o,<J Specific gravity = 2’659 (Dam our, xlnn. Ch. 
Phys [3^]xiii 404) 
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Ae^os P^0> CuO, FoO. Al^O’ H=0. 

a. 21 . . 68 . 21 = 100 

i. IV 61 . 44-46 2 92 3-93 81-19 = 100 

0 19 36 129 62 92 . 180 23 91 » 99'30 

e?. 21-27 1 66 62 30 . 2-13 22 68 = 09-84 

These widely different results cannot ho reduced to a single formula, 
a may be approximately represented by 8Gu0.Aa-0“ 13H’0 = Cu“Aa=0''.6CuII^0“ 8aq. 

0 and d „ 8CnO.As»0» loH’O = Cu’As-'O” OCuH-OMOuq. 

b „ ,, 8CuOAa-0‘23a»0 = Ou’As=0«oCiiH»0“.lSnq. 

The princiml Cornish looalitiea of this mineral are the copper mines of Tingtang, 
Hue! Gorland, and Huol Unity, near Bednith It occurs also ciystalliaed in iron-ore 
at Sayda in Saxony, in minute crystals at Horrcngraiid in Hungary, and at Moldawa in 
thq Bannat. It is BometimcB found altered to clirysocolla. 

lATXAStXX., Broni the flowers of the Uronch tamarisk ( Tamanm qalUca), a erj-s- 
tallme iridescent substance may be obtained, by exhaustion with ulcoliol andoTnpoi'ii- 
tion (Liindoror) The leaves contain a large quantity of potimsio sulphate. T Icna 
grows chiefly on the Kjrgliis Steppe 100 pts of the young au--dned plant yield 33 7 
per cent. a.sh, eontamiiig 12-6 per cent sodic carbimute, 62 0 sodic chloride, 1 8 sodio 
sulphate, and 3 0 potaswe sulphate, together with 388 pts inaoluhle salts. (Goliol.) 

Tamarix manmfera yields, in consequence of the puncture of an insect {Coccui maiim- 
firtts), a saechariiio substance, the so-called Manna oj- Simi, which is a yellow syrup 
containing 66 per cent, cane-sugar, 28 inverted sugar, 20 dextrin, &o (Bertholot, 
Compt. rend. liu. 688.) 

TAMTAMS, or Gong-gong^ — Chinese musical instruments having the form of a 
kettle-drum, and sounded' by heating them with a stick covered with leather Accoiding 
to Klaproth, they are formed of an alloy ot 78 pts ooppor to 22 pts. tm. According 
to Genth(Mitth d. Oeweiboveroins, f Hannovoi, 1859, p 106), they consist of 80 per 
cent, copper and 20 per cent, tm Accoidmg to I alien (Compt. rend xxiv 1069), the 
Chinese alloy the copper for these instruments, and for cymbals, &o., with ^ pt. of 

TAKAC&TIO ACIB. An acid said by Posobior (J Oliim. m6d. iv 68), to 
exist m the flowers of tlie common tansy (Tmiaatim mt/guni). It is orystallmo, 
soluble in water, forms crystullisahlo salts ivith pot ish and s'oda, and precipitates the 
solutions of calcium, barium, zme, lead, silver, copper, and mercury 

TAN-ACSTlir. A bitter substance obtained fi-om the leaves and flowers of 
tansy. It is prepared in the s.mie manner as ahsinUiin froth wormwood (i 2), and 
forma a yellowish-white, granular, inodorous mass, easily soluble in ether, sparingly in 
alcohol, still less m water. The solution has a bitter and r.ither sliiu-p taste, and is 
p^reoipitateij by plumbic, ferric, and moroni-oui> salts, not liy tannic uoid (Fromberg, 
Geig. Mugaz. viii 36. — Leroy, J. Chim mud xxi 367 ; 

TAOTACETUM VVEGARE. r(i?i6.y— The leaves of this plant contain vola- 
tile oil, a bitter extractive matter c.iUed tanacetiii (siyii-n), tanmii, sugar, malic acid, 
and other substances The flowers contain the same constituents, but are richer in 
volatile oil, and (according to Pesehier) they also contain tanaootic aoid The 
seeds contain volatile oil, fat oil, and a hitter substance 
The volatile oil of tansy, obtained by distilling the leaves or flowers with 
water, has a specific grovity of 0 92 to 0 93, dissolves easily in alcohol of specific 
gravity 0 86, tfiickens on exposure to the lur, dissolves in iodine, but is not sensibly 
acted upon by it. When distilled with chromate of potassium and sulphurio acid, it 
yields a volatile crystalline body, having the composition of ordinary camphor 
(Persoz, Compt. rend. vni. 433; Vohl, Pharm Gontralbl 1883, p. 318). It is 
decomposed and dissolved by mtrio and by sulpburic acid 
TAMAH-AMEO. a plastic earth, occurring in Java, and used by the natives as 
food, after being dried over a charcoal-fire (Mohnike, J Olum. mM. iv 68) 
TAM^imA MADAGASCABIBSTSIS. a shrub indigenous in Huda- 
gascar, the kernels of which contain, besides fat oil and the ordinary plant-consti- 
tuents, a erystallisahlo suhatanco called t.inghin-eamphor or tanghinin. To 
prepare this substance, the almonds are freed from oil by pi-essure, then exhausted 
with ether, and the ethereal solution is left to evaporate. Tanghinin then rem.ains 
behind, and may be obtained, by aolncion in alcohol and spontaiieoua evaporation, in 
colourless, ti-an^arent, shining scales, which effloreseo on exposure to the air It b,is 
a eliaip bitter taste, and afterwards prodnees a feeling of constriction in the throat It 
melts to a resin whon gently heated, hut is not volatile. It dissolves in acotio and. 
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without oiiteriug into combination, .mil is coloured yellow by other acids and by 
alkalis The alooliolie solution forms white precipitates with lead-, mercury-, and 
silver-salts. Tanghimn is very poisonons, quickly producing fatal efloeta. 

TAKfCtlWAITB. Avanety ofmephntefromTangraaiinNewZealund (Jahresb. 
1864, p. 361.) 

TAKTKXTB. a mineral from Norway roaembling chiastohte- specifle gravity = 
2'936 (Breithaupt, Sdiw. J. 1829, p. 246.) 

XAKWASPIBSC ACX3}. C “^"0“ (?). (Luck, Pharm. Centr. 1861, p, 867 ) 
.—An acid contained, together with pteritannic acid, in the root of the male fern 
[Aspidam Fdue mas) The method of extracting these acids and separating them 
with ether has been ah’eady described (iv. 746) The impure tannaspidio acid left 
undissolved by the ether is piirilled by solution ui alcohol, and evaporation in a retort 
filled with hydrogen. 

Tannaspidic acid forms a black-brown, shining, amorphous tnnss, tritur.iblo to a red- 
brown powder. It lb insoluble in water, ether, oil of tmpentine, and fixed oils, easily 
soluble in strong alcohol, soluble also in warm acetic acid. The alcoholic solution 
evaporated by heat, m contact with tlie air, leaves a reiiidue no longer soluble in alcohol. 
Strong sulphuric acid dissolves it, forming a dark-greou liquid, which soon becomes 
brown-red on the surface Nitric acid dissolves and decomposes it. With chlorine it 
forms substitution-products. 

Tannaspidio acid dissolves easily in potash or ammonia, forming a dark-brown 
solution, which quickly absorbs oxjgen, especially when warmed, acquiring a brown- 
red colour acids added to the latter solution throw down a black powdor. The 
aloohoho solution of tannaspidic acid is precipitated by chloride of barium, chloride of 
calcium, acetate of copper, nitrate of silver, and chlondo of platinum, — also, alter 
addition of ammonia, by zinc-, mercury-, and tm-aalis Feme chloride colours the 
aloohoho solution groon, and on addition of aiiimoiua a green jiteoipitnU is formed 
The solution of tannaspidio aoid precipitates an alcoholic solution of isinglass, but not 
a solution of tartar-emetic ' 

By treatmg the alcoholic solution of the acid with neutral acetate of load, a precipi- 
tate IS formed, which dries up to a black shining mass, containing on the average 43 4 
per cent, carbon, 3 6 hydrogen, 22 3 oxygon, and 30 60 plumbic oxidi, agreeing 
approximately with the foimnla C-“H“Pb"0'‘, which requires 43-2 per cent. 0, S'6 H, 
22 2 0, and 31 0 PbO. 

Chlorotannaapidio Acids . — Wlion dry chloiine-gas is passed over dry tnnnaspidie 
acid, a suhstiLution-proilnct is foimed, containing 2 at chlorine, and yielding on tritu- 
ration a cinnamon-brown powder, having a fruity odour and sour astringent taste, 
soluble with brown colour in alcohol and uqueoas alkalis, but lusnluble lu water, 
ether, oil of tui’pentmo, and fixed oils Tannaspidic acid suspended in water is con- 
verted by chlorine or by hypochlorous acid into a product containing 3 at. chlorine , 
and the air-dned acid, treated with moist chloriiio-gas, yields a product containing 4 
at ohlorine 

Ethyl-tannaspidic The alcoholic solution of tannaspidic acid turns red when 

boiled with hydrochloric acid, and water added to the solution throws dowm a rod sub- 
stance. 

TASTNBCOBTEPXNXC ACID. (Kawaliev, Wien Akad Bor. 

XXIX 10 )— An acid resembling the tannic acids, occurring, about Kistcr-time, in the 
bark of Scotch fir-trees trom 20 to 25 years old. To prep, are it, the bark is ex- 
hausted with alcohol , the extract loft on evaporatiod is trc,itcd with wiilor , tho clear 
aqueous solution is repeatedly precipitated with neutral lead-acetate, a lead-salt 
mixed with rosin then remaining m solution , tho dear solutions are pieeipilatcd with 
basic lead-acetate , the washed preeipitato is suspended in water, and decomposed by 
Bulphydrio acid , and the liquid is eonecntraled m a stream of cacbonie anhydride, 
Tannocortommo acid is then deposited in crusts, which yield by trituration a reddish- 
brown powder having an astringent taste. It is soluble m water, and the solution, 
warmed with sulphuric oi hydrochloric acid, yields a red precipitate having nearly tho 
same composition as the acid, togother with a very sumll quantity of sugar 'J’ho aqueous 
solution of the acid mixed with ferric chlonde, acquires a greenish colour, changing to 
red-brown on standing, and aftorwards deposits a blackish-greoii precipitate 

TATTWEMTITE. A Bulpbido of copper and bismnUi, Cii-'S occurring at 
Tannenbaum, in the Erzgebirge (ii. 77,), also, according to Domeyko (Ann Mm 
[6], V 463), in the mines of Cerro Blanco, near Gopiapo in long tm-white noedles, 
intersecting copper-pyrites Analy.sis gave 22 4 per cent siiliihiir, 62 7 bismnlb, 20 6 
copper, and 4 1 iron (= 99 8) 

TAWJTIC ACIE. TASffKTSET. These terras are 
u 0 2 


applied to certain substances 
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OTOUii’ing in the bark and other parts of plants, and disUngiuslied by the following 
characters. They ore mostly amorpliuns, have a slight acid reaction, and a roug'li 
but not sour taste ; colour feme salts black-blue or green, precipitate albiimiii and 
gelatin from their solutions , and unite with animal membrnuo into a muss winch 
resists putrefaction, namely leather, the skin then becoming tanned All theie 
substances were formerly supposed to bo identical with gallotannic acid (ii. 762), 
or to differ from it only m consequence of the admixture of foreign matters ; bub more 
exact investigation has shown that moat of them differ in some essential propeities 
from gallotannic acid, which indeed exists only iii Turkish and Cliinese gall-nuts, and 
in ordinary oak-apples Of the other varieties of tannin, the most distinctly charac- 
terised are cafetannie aoid (i. 709), aatechutannio or cachoatannio Mid (i 817), 
monnianmcaad or tannin of fnstic (iii. 1049), quercitannic aaid or tannin of oak-bark 
(v. 6), and quinotanmo or cinchyna-tanmc aeid (v 30) 

The tannins may be divided into two groups — those which give black or blue, and 
those which give olive-green precipitates with femesalta , and Stenhoiise has shown that 
most of the tonnms which give blnish-blaek precipitates with feme salts are gliico- 
Bides, being resolved by boiling with dilute acids into glucose and another substance, 
a property fli’st pointed out by Streeker m the case of gallotannic acid, wbch yields 
glucose and gallic aoid 

+ 4E*0 - -t 3C’H«0», 

whereas, smong those which give green precipitates withfemc salts, only one (namely, 
the taumii of willow-haik) appears to be a glucosido 

Gallotannio acid submitted to dry distillation yields pyrogallio and metagaUio 
acids, together with carbonic anhydride (ii. 76o) 

'= SC"H«0» + + 300»; 

Gallomenlc PKogall.c Me.«c«l,lc 

whereas all those tannins which turn feme suits green, yield, by dry distillation, oxy- 
phonio acid or pyrocatechin, ' CH^O®, winch differs from pyrogallio aoid by containing 
I at oxygen less (iv. 315) 

All tannins ore remarkable for the avidity with which they absorb oxygen, espoeially 
in presence of alkalis, being thereby converted into bodies of various colour — reel, 
brown, black, and even green e g., gallotannic aoid into tannoxylic or timnomol.i’iiie 
acid; oaffetanmo acid into viridio acid, quinotanmo acid into ciucliona-red, &o. 

Tannins occur especially in poreniiiul plants, but uie likewise found in annuals and 
biennials. They occur in the pereiiniul roots of herbaceous plants, in the bark of 
most tree-stems, and in the young branches of slmilis and other woody plants They 
are also found in the husks of fiaiits and seeds, and in uniipe fruits, less frequently in 
the leaves, and least of all in the petals According to "Wahlonberg, they sre 
never found in the interior of the seed, or in poisoiions plants, or in such as contain 
caoutchouc ox milky jmco. 

Iron-blueing tannins are found lu gall-nuts and oak-apples ; in the leaves, bark, &e. 
of the oak, poplar, birch, hosel-nut, and other trees , the loaves of Arhutue Tlva-vm, 
Arbutus Utudo, and Lythrum Salicaim; the stalks of Hi/ies rubrum , the biu’k of 
Oomna mmoula, and many other plants and vegetable organs Ii'iui-grcening tan- 
nins occur ui catechu, cinchona-b.irks, pines, and fir , in the root of Cramei la ti landra, 
Rlieuin rhapmiimm, PoiinitUa tormmtilla , in the baik of Sulixtnmidra and iS undu- 
lata, of Muua glutmoitt, Pinna Larix, Bhisophora Mangle (the coiainon black inau- 
grove), and of many other plants 

K. Waguor (Bull Sec. Chim 1866, ii 481) divides tannins into pathological 
tannins, found, only in diseased vegetable tissues, such as gall-nuts and oak-apples , 
aud physiological cannins, which occur m bark and other paits ot plints in tlieir 
ordinaiy state Both kinds of tannins precipitate gelatin from its solution, but only 
the physiological tanmus are capable of forming with it a true leather not liable to 
putrefy. 

All varieties of tannin axe procipUaJted by organic alkaloids According toWagner, 
1 gramme of quercitannic acid requires for pieciprtatinn 0 3715gi'm of eivicliomiu' , 
and assummg th.it the tanniii,s of sumach and other astringent substances form, with 
a solution of sulphate of cinchonine, precipitates having the same composition, he 
obtains the foBowing results rebpoetmg the strength of various substances used m 
tanning . — 

Bark of young oaks contains 10 BO per cent tannin. 

Ordinary oak-bark 6 26 „ 

Bine-bark . . ... 7 33 „ 

Beeoh-bark 2-00 „ 
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Sumach (first quality) contains . . 16 60 per cent, tannin. 

„ (second quality) . . . 13'00 „ 

Valonia (first quality) .... 26 76 „ 

„ (second quality) . . . 19-00 „ 

Bahlali 14-60 „ 

Grape-seeds fi-eed from oil . . . 6-60 „ 

Hops (harvest of 1866) .... 4 26 „ " 

Sohulzeff (Bull. Soc. Ghim. 1866, li 465) has observed that the precipitation of 
tannm by gelatin is greatly facilitated by the addition of eal-ammomae, end he 
has appHed the reaction to facilitate the volumetric estnuntion of tannin. Bor this 
purpose he saturates -a ^aduated solution of tannin mth sal-ammoniao, and deter- 
mines the number of cubic centimetres of a solubon of gelatm required to precipitate 
a given quantity of the former. He then exhausts the substance to ho analysed with 
hSiling water, and adds to the extract the titrated solution of gelatin. The deposi- 
tion of the precipitate may be stiU further facilitated hy introducing into the vessel a 
small quantity of pounded glass or sharp sand. 

TAimiOEIfAlUCIG ACID, Syn. with GSEnAMio Acid (li.* 769). 

TAKWmOEN'lC ACID. Syn with Oxteckin (i 816). 

TAH'NOMEXiATfXO ACID. C*H''0* — This acid, discovered hy Buchner 
(Ann Ch. Pharm, liii. 373), who however assigned to it the formula is 

produced by adding gaHotanmc acid to boiling potash-ley of specific gravity 1-27, us 
long as effervescence is thereby produced The liquid is kept lu a stoto of ebullition, 
till a sample mixed ivith acetic acid remains clear on cooling, then supersaturated 
with acetic acid, and evaporated to di-yness over the water-bath , and the residue is 
treated with strong alcohol, -which dissohes acetate and gallate of potassium. The 
residue is dissolved in water, and the solution is mixed inm acetic acid and acetate of 
lead, which throws down tannomelanute of lead, in the form of a black-hrown powder 
containing (according to Gerhardt) 3C>=H*Pb''0“ 2Pb"H’0* Taunomelanic acid 
may be supposed to be formed either from gallic or fi-om tannoiyho aoid {infra) : 

O'ffO* -t 0 = CWO’ + 00» + ffO. 

Gallic acid. Taimome- 

laalc acid 

C’H»0» = CffO* -t 00» + E^'O. 

Tannoxvllc Tannorae- 

acid lanic acid. 

TAETirOPIC 1 ACID. (Eochleder andKawalier, Wien. Akad. 

Eer. xxix. 22 ) — A kind of tannm occurring in the needles of the Scotch fir, gathered 
about Easter, The alcohohe extract of the needles, evaporated after addition of 
■water, yielded a watery liquid together with ream The liquid was mixed with neutral 
acetate of lead , the clear filtrate completely precipitated with that ealt , the washed 
precipitate drenched with dilute acetic acid ; and the filtrate precipitated -with basic 
acetate of lead. The resulting precipitate, suspended in water and decomposed by 
sulphydrio acid, yielded a solution of tiinnopic acid, which was precipitated therefrom 
by sulphuric acid This acid, in warm solution, oxidises readily in contact with the 
air; whether it is thereby converted into oxypinitannic acid (iv 319), and whether 
the same conversion takes place in the bring plant, has not heon determined. The 
acid IS decomposed by siUphimc or hydroemono acid, yielding a red easily cleoom- 
posible product 

T ASrnroaCITEIC acid. Bufitanme Aoid — ^Au acid produced by the oxidation 
of gallic acid under the influence of alkalis. It -was discovered by Buchner 
(Ann Oh Pharm liii. 369), who assigned to it the formula or or, 

in the flee state, perhaps or According to Gerhardt, its compo- 

sition and formation aie better represented by the formula C’H“0*. To prepare it, a 
moderately strong solution of potash is satm-atod in the cold with tannic acid ; and the 
solution, which soon tmns red, is left to stand for some days till it becomes dark-rod 
and nearly opaque It is then precipitated with acetate of lead, the resulting brick- 
red precipitate is treated with hot acetic acid to dissolve uudeoomposed tannote of 
lead, and the tannoxylate of lead (8C'H'‘Pb"0“ 3Pb"H-'0’, according to Gerhardt), 
which remains as a red precipitate, is decomposed by heating with alcohol and sulphuric 
acid A dark-red solution of tannoxylie acid is thereby obtained, which on evapora- 
tion leaves the acid as a hrown-red amorphous substance. It may be supposed to be 
formed from gaUio acid by simple addition of oxygen . 0’H“O“ + 0 ■= C’E"!)®. 

(Gerhardt ) 

TAIO-SV. See Tanaoeitou Vuioake (p 668). 

TANTAEITB, Native ferrous tantalate. See Tamtalatbs (p. 666). 
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TAtt’tAJ.VM. Atomic weig/it, 182 Symbol, To. (Ekeberg, Crell’s Annalen. 
1803, Bd. i — ^Boraahua, Pogg Ann. it 6 — ^Wohler, tlnd. jcItw. 9],— H. Rose, 
tkd. ban. 317, box. 116, Ixx 157, buciv 86, 288, xc. 466; scox. 66, Jabieab. 
1856, p. 366, 1867, p. 176— Hermann, J. pr Obem. Ixr. 81; Ixs. 193, Jabresb. 
1867, p 176, 1868, p. 149; Bull. Soc Cbim. 1866, li. 22.— Blomstrand, Jabresb. 
1866, p 196 ; Bull .Soc. Cbim 1866, u. 37 — ^Marignac, ibid. pp. Ill, 118.) 

This metal was tliseoTered jn 1802, by Ekeborg, in two Swedish minerals, tantalite 
and yttrotantalito. A very sunilar metal, coluinbium, had been disoovered in the 
preceding year by Hatchett (Crell’s Annalen 1802, i, 1 97, 267, 362), in columbite from 
Massachu.setts ; and Wollaston, in 1807 (Gilb. Ann. xxxvii 98), on comparing the 
compounds of these metals, concluded that they were identical, an opinion which was 
for many years received as correct; but their separate identity has been completely 
established by the researches of H. Hose (commenced in 1846), who gave to the 
mot.il obtained from the American and Bavarian columbites the name SioMum (iv. 
48), by which it IS now universally known Mora recently, Marignac has shown that 
nearly all tan tali tea and columbites eonhiin both tantalum and niobium or columbium; 
some tantabtes from Kimito in Finland being, however, free frpm niobmni, and some 
of the Greenland columbites containing only the latter metal immixed with tantalum. 
In all these minerals, tantalum exists as a tantolate of iron and manganese ; jyttrotan- 
tiibto 13 essentially a tantalato of yttnum, containing also uranium, ealoinm, iron, and 
other motals Tantalum is also contained in some varieties of wolfram 

JMetalho tantalum is ohtamed by heating the fluotantalate of potassium or 
sodium with metalUo sodium in a weIl.a:oTered iron crucible, and washing out the 
soluble salts with water The reduced metal thus obtained is not quite pure, being 
more or less contnniimitod with acid tantolate of sodium, the quantity of which m.ay, 
however, he diminished by covering the mixture in the crucible irith chloride of po- 
tassium. 

Tantalum is a black powder, which (according to H Rose) is a good conductor of 
electricity, and, after ignition in a stream of hydrogen, has a specific gravity of 10 78. 
Wlien heated in the air, it burns with a bright light, and is converted, though with 
difficulty, into tantalie oxide. It is not attacked by sulphuric, bydiochlorio, nitric, or 
even nitromnriatic acid. It dissolves slowly in waiTO nqiieous hydrofluoric acid, with 
evolution of hydrogen, and veiy rapidly in a mirtiira of hydrofluoric and nitric 

Tantalum in its principal compounds is pentatomic, the formula of tantahe ohlonde 
being TaOP, that of tantalie fluondo TaF*, and that of tantalio oxide (which, in com- 
bination with bases, forms the tantalates) Ta’O’ There is also a tantulons oxiae having 
tile composition TaO'", and a corresponding sulphide, TaS®. 

’SJ&MWAS.trflS, ai!.oi«£r.sn OP, probably TaBr».— Prepared, like tbe chloride, 
by passing broiniiio-vapour thiongli a tube filled with a mixture of tantalio oxide and 
porous charcunl It is usually coloured yellow by excess of bromine, from which it 
cannot easily bo freed 

XAMTAIitrRJ, CBZ.OBISS OS', or traWTAJilC CHAORIIIIE, TaOF.— 
'Jautaluin is not attacked by chlonne at ordinary temperatures, but, when gently 
heated in a stream of the gas, it is converted, with incandescence, into tantalie 
chloride, which distils oflf. 

The chloride is prepared bypassing chlorme-gaa over a heated mixture of tantahe 
oxide and charcoal. Tantahe oxide is mixed with starch or sugar, and the mixture com- 
pletely chaired by ignition in a covered crucible It is then introduced in email pieces 
into a glass tube, which is strongly heated by a eharcoal-flre, while a stream of dry car- 
bonic anhydride is passed tlirongh it. As soon as all the moisture is expelled, the 
tube ie left to cool, tho flow of carbonic anhydride being still kept up , the carbonic 
aiiliydride apparatus is then replaced by a chlonne apparatus, and the tube again 
heated, after the carbonic anhydridB and atmospheric air have been completely expelled 
by the chlorine Chloride of tantiilmn is then obtained in tbe form of a enbbmate 
having a pure yellow colour. If, however, the tantahe oxide contains tungstic oxide, 
tbe colour of the sublimate is red , and if stannio or titanio oxide is present, yellow 
drops of liqiud chloride are also produced. (H.BosoandE. Wober, Ann. Ch. Pharm. 
Ixxicviu. 246 ) 

Tantalie chloride begma to volatilise at 144®, and melts to a yeUow hqnid at 221°. 
Its vapour-density, at temperatures between 360° and 440°, is equal to 12'42 
(Doville and TrooBt,Bull Soc. Cbim 1866, ii 120), agreeing very nearly with the 
density calculated from the formula TaCF, namely 12 46 ( = x 
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Tantalie chloride is decomposed hy water, yielding hydrochlorie and Untalic acids, 
hut the decomposition is not complete eTen at the boiling heat, -water containing a 
small quantity of ammonia deeomposea it, even at ordinary temperatnres — Potash 
decomposes it, hut not completely , cat bonate of potassium does not affect it, even at 
the boiling heat. — EydrocUorw aoul dissolves tantalie chloride at ordinary tempera- 
tures, forming a turbid liquid, -which gelatinises after a while , the jelly yields to cold 
water only traces of tantaho acid. Boihng hydrochloric acid dissolves tantalie chloride 
incompletely, and the liquid does not gelatmise — Strong mlphnno acid, dissolves the 
chloride, at ordinary or shghtly elevated temperatures, with evolution of hydrochlorie 
acid, forming an opahne liquid, which becomes very turhid at the boding heat, and 
solidifies to an opidiue jelly on cooling. — Ammoma-ffas converts tantahe chloride, at a 
red heat, into nitride of tantalum (H. Eose.) 

TAMTAI.UM, nSTECXXOn' AKTD ZlSTIZnATIOKT OP.’ 1. Blowpipe 
Be action a — Tantalie oxide, fused -with ioraa;, either in the outer or in the inner 
flame, forms a transparent glass, which however, if the quantity of tantalum is some- 
wliat large, may he rendered opaque hy interrupted blowing or flaming, hut recovers 
Its transparency by long exposure to the continued blast. A very largo quantity of 
tantalie oxide renders the glass opaque — With mwroaosmio salt it forms, in either 
flame, a clear colourless glass, which does not turn red on addition of a ferrous salt. 
— With sodio carbonate it produces effervescence, hut' does not fuse into a bead or 
undergo reduction, 

2 Seaotiona in Solution — The tantalates of the alkali-metals are soluble in 
water (p, 666) — Eydroclilorw aatd, added in excess to ths solutions, first precipitates 
tantalie acid, and tli.on redissolves it, forming a shghtly opalescent liquid — Sulphuric 
acid also precipitates the tantalie acid, hut does not redissolve itwhen added in excess. 
— Carbomo acid gas, passed through the solution of an alkahus tautalate, precipitates 
the -ivhole of the tantalie acid in the form of an acid salt — Chloride or eulphate of am- 
nionium also precipitates the tantahe acid from thesesolutinns, m the form of hydrate 
mixed -with small quantities of ammonia and the fixed alkali. The presence of carbo- 
nate of potassium or sodium provonts the formation of this precipitate at ordinary 
temperatures , but it then apnenis after boiling for some time. Sulphide of ammonium 
produces no piecipitate — Cbloi ule ofbanum or calcium forms a precipitate of tantalate 
of barium or oaloium, insoluble in water and in ammoumcal salts. — Nitrate of silver 
forms, in the solution of a neutral ailialine tantalate, a white precipitate, which is 
turned brown hy a small quantity of ammonia, and dissolves m a larger quantity. A 
solution of basic mcrcunraa nitrate forms a yeUowish-whito precipitate, which turns 
black when heated — Ben ocn/amde of potassium, aMoi to a very slightly acidulated 
solution of an alkiiline tantalate, forma a yellow precipitate ,/c»rioyaiKif« of potassium 
a white precipitate — Infusion of galls, added to a solution of an alkaline tantalate 
aoidulated -with sulphui-io or hydrochloric acid, forms a light-yellow precipitate, solu- 
ble in alkalis —Zinc, immersed in the solution of an alkaline tantakto acidulated -with 
hydrochlbrio acid, does not produce any blue colour, neither is that colour produced, or 
hut very faintly, on addition of sulphuric acid. But if chloride of tautalum be dis- 
solved in strong sulphuric acid, and then water and metallic zinc added, a fine blue 
colour IS produced, which does not change to brown, hut soon disappeai'S The blue 
coloim is alfo produced on placing zinc in a solution of tantalie ehlorido in hydrochloric 
acid to which a small quantity of water has been added; too much water, however, 
prevents its formation. 

These characters are sufficient to dislingmsh tantalum from all other metals. From 
niobium, -ivhich it most resembles, it is distinguished hy the behaviour of tantalio 
oxide before the blowpipe, especially -with mierocosmic salt, (2), hy the reactions of 
the aoluhle tantalates -with hydiochlorio acid, sal-ammoniac, fovrooyuindo and femeya- 
onide of potassium, and infusion of galls* — ^From titaninm it is distinguished by 
the behaviour of tlie oxides before the blowpipe, by the perfect insolubility of tantalie 
QXido in strong sulphuric acid after ignition , and by the fact that when tontalio oxide 
is fused -!V ith acid snlphato of potassium, and the mass treated -with cold water, the tan- 
tal'o oxide remains undissolved in combination with sniphuric acid, whereas titanic 
oxide .siiniUrly treated yields a fused mass, which dissolves completely in a considera- 
ble quantity of cold water, provided the fusion has been sufficiently prolonged — ^From 
silica, tantalie oxide' is distinguished hy its behaviour before the blowpipe, aihea 
being insoluble in microcosmic salt, and fusing to a transparent bead when heated on 
charcoal with a small quantity of soche carbonate. The behaviour of tantahe oxide with 
zmo, with tincture of gaUs, and -with hydrofluoric acid, also distinguishes it from silica 

called^^iobic oxIdS ami n\obS Ma?tgnftc”biv?nr^imvi? 

that Kose's uioblc acid waa a mixture of niobic nud tantaHe acida(iv.7&5). 
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8, JE atini aiion and Separation — ^TaBtalum is estimated in the form of tantiilio 
oxide, Ta’0“, eontaming 81‘98 per cent of the metal. Tantahc oxide or anhj'dnde 
may he soparnted from the bases with which it occurs in nature — namely, lime, 
magnesia, yttriii, zircoiiia, and the oxides of iron, manganese, and ura- 
nium — by fusion with /(//Aflifc or, hotter, yntHiaeid sulphate of potamum, in the manner 
to be presently described (p 665). Some tantaktos may be doeomposed by sulphuno 
(icid, the taiiwlie acid being BOji.arnted in tho insoluble state, and all the bases passing 
into solution. Tantalato of zireoni iim may be decomposed in this manner. On 
treating th.it compound with strong sulphuric acid, and digesting the cooled muss for 
soma time with a large quantity of water, sulphate of zircomuui dissolves, and tantaho 
oxide remiiins in combinataon with sulphurie acid, ftom which it may be purified by 
repeated boiling with w,iter. 

Prum the alkali s. tautulie acid may be completely separated by sulphuric acid, 
provided tlia compound is soluble in water. In tlie contrary eise, it must first be 
fused with carbonate or hydrate of potassium If, however, tho quantity of alkali is 
to be likewise estimated, the compound must bo rendered soluble by fusion with sul- 
phate of .immouiuin (HBoso) 

From titanium, with which it sometimes occurs in niiture, tantalum may he sepa- 
rated by fusing tho mineral with acid sulphate of potassium, and treating the fused 
•mass with a large qiiimtity of water Titamc ucid then" dissolves, especially if the 
water is slightly iicidiilated with hydroelilono acid, while tautalic sulphate remains 
undissolved The titanic acid is precipitated from the solution by boiling • the sepa- 
ration is, however, not Tory complete. In some cases the decomposition may be 
effeuted by sulphuric acid. 

The separation of taiitalmn ft-om niobium is effected by means of and fluoride of 
potassium, adieroby the former metal is converted into fluotantoUte of potassium, 
2Ki' Tap, requiiiiig 151 to 157 pts of water acidulated with hydrofluoric aoid to 
dioBolvo It at ordmaiy temperatures, and the latter into iluoxyniohate of potassium, 
2KP NbOPH'^O, soluble in 12 4 to 13 pts. of cold water The mineral (a tantalita 
or columbite) having been decomposed by fusion with throe times its weight of aoid 
potassic sulphate, the coUeetive weight of the niobic and tantalio oxides thereby 
separated is ascertninod! they me then again fused with acid sulphate of potassium ; 
tho sulphate is dissolved out by water, the residue is tieated wim hydrofluoric sold ; 
and a boihng solution of bydropotassio fluoride is giudually added The liquid thus 
obtained yields, after a certain degree of eoneontration, a deposit of potassic fluotan- 
tukte, which must ho washed with water on a weighed filter, till the wash-waters no 
longer yield an or.inge-eoloured precipitate with infusion of galls. 

4 Aiomic Woipht of Tantalum, — ^Thc older expeninonta on the constitution of 
the tnntalum-compoiinds did not yield correct results, because the tantalum used was 
impui’e, containing niobium Berzelius regarded tautalic oxide as Ta'*0®i H. Hose 
regarded it as TaO’, tbe chloride as TaCB, &o. But from the observations of Mangnao 
on the isomorphism of the fluotantaUtes and fluoniobates, and from the vapour-density 
of the chloride (p. 662), it appears that tantalum is pontatomie, forming the compounds 
TnCl‘, TaP,Ta=0‘ &c, 

Mai'ignac has determined Uio atomic weight of tantalum chiefly from tlie composi- 
tion of tho fluotiintalatos of potassium and aminomum, wluch are ,i.nhydroiiS|,and do not 
undergo any .dteration at 100^. Thcpot,issium-.salt was treated with pure coiiceatrated 
sulphuric acid, the excess of that acid gradually driven off, tho temperature being 
finally raised to 400°; and the rosiduo was boiled with water, which dissolved the 
acid siilpbiito of jiotassinm, andleft tantnlic sulphate in small granular crystals, which, 
when calcined at a strong heat, yielded pure tautalic oxide The acid sulphate of 
potassium was reduced, by evaporation and ealcmation, to neutral sulphate, which was 
weiglied. Four closely accordant analjsos yielded, as a mean result, 66 0 pts tantalio 
oxide to 45 1 pts neutral sulphate of potassinm, according to which the atomic weight 
of tautalic oxide, T.a-0‘, = 444 6, and that of tantalum =» 182'3 

By calculating merely from the weight of the neutral sulphate of potassium com- 
pared with tho original weight of the fluotautelate, 2B3? TaF“, the atomic weight of 
that salt is found to be 392 8, whence Tu = 181 ’8, anumher very near Ae preceding. 

Fluotantalate of ammonium, bv conversion into tantabc oxide, loses 3fe'75 per cent, 
of its weight, a loss corresponding to tbe replacement of 2NH* + 7F =■ 169 by 
§0 = 40, leaving a difference of 120, and the proportion, 3G'75 ' 100 =. 129 x, 
gives X = 351 for tho atomic weight of fluotantalate of ammonium, whence Ta = 182. 
This is the numhor adopted hy Mai-ignac for the atomic weight of tantalum , * it agrees 
perfectly with the vapour-density of the chloride (p. 662) 

• HeIlQse^(Ann, Cb Pharia.c, liSj Impurf chloride of tantalum 49 9! percent, tantalum 
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TAWTAIitini, FX>TrORXI>B OP. Tal’* — ^Ignited tantedic oxide does not 
dissolve in aqueous hydrofluono acid, but the hydrate dissolves, forming a clear solu- 
tion, which, when evaporated, partly gives oflf the tantalum as fluoride, but likewise 
leaves a residue of oiyfluoride. (H Bose.) 

Fluotantalates, 21IF.TaF® = M’Ta'i'’’. — The solution of tantalic fluonde mixed 
with alkaline fluorides fonns soluble and erystaHisable double suite, partially studied 
by Berzelius and H Bose, more completely by Marignae. There do not appear to be 
any fliioxytantalates corresponding to the flnoxyniobates (it. 786), unless the insoluble 
compounds which tend to form when the fluotantalates are dissolved in wj.ter, can be 
considered as such , but tliese compounds do not crystaUise, and do hot appear to 
possess a constant composition. (IVTar i gn ac.) 

Mmtantalate ofjmmomum, (ilH*)*Ta]?’, is anhydrous, very soluble in water, and 
crystallises in thin plates with bevelled edges. 

The po(assium-sa/t, K^TaB^ erystnUises in monodmic prisms isomorphous with the 
fluoniobate. It is more soluble in hot than in cold water By prolonged boiling with 
water, it ohimgea into an insolnhle salt, the composition of which is nearly that repre- 
sented by the formula Ta'O' flK’Tad?’. The formation of this insoluble compound 
affords the meaus of detecting the smaUest quantity of fluotautalate in a solution of 
fluoxvniobato of potassium. (Marignae.) 

The sodium-sali, Na'TaF'.H’O, forms monoclinie prisms, which give off thoir water 
of crystallisation at 100° 

The cvprw salr, Cu"Ta“B' 4H*0 =■ Cu"B'*.Ta*I’’.4ffO, prepared by adding cupric 
oxide to a solution of tantalic omde in hydrofluoric acid, forms beautiful blue, trans- 
parent, rhomboidal prisms with four-sided summits. It is deliquescent^ and very 
soluble in water. 

The sino-sali, Ztt"Ta’F’.7H®0 = ZnF',TaF*.7H’0, prepared like the copper-salt, is 
too deliquescent to admit of complete purification, so that its formula must be regarded 
as only approximate. (Marignae.) 

TAWTAXiirm, IfflTBIDS OF. Obtained by the action of ammonia-gas on 
chloride of tantalum, at a heat gradually raised to redness, or less pure by heating 
tantalic oxide in ammonia-gas It is a black microorystalline powder, which acqmres 
metaliio lustre by bumislung, and conducts electricity ; when fused irith hydrate of 
potassium, it gives off ammonia-gas It is not attacked bynitrio acid, or by a mixture 
of that acid with hydrochloric or hydrofluoric acid. (H. Bose, Ann. Oh Pharm. 
c. US) 

TAKrTAIitnuc, OXIDES OF. Tantalum forms two oxides, a dioxide and a 
pontoxide, the latter uniting with bases, and forming the tantalates 

Dioxide of Tantalum, or Tantalous Oxide, TaO’. — This oxide is produced 
by exposing timtaho oxide in a brasqued crucible to the strongest heat of a blast-fur- 
nace, a thin film on the outside being at the same time reduced to the state of metal. 
It is a dark-gray mass, which scratches glass, and acquires metallic lustre by burnish- 
ing (Berzelius). 'Wlien heated to redness, in contact with the air, it takes np 4 per 
cent, of oxygen, and is converted into tantalic oxide. By calculation, TaO’ requires 
3 74 per cent of oxygon to convert it into Ta’O*. (Marign ac.) 

Fentoxlda of Tantalum, Tantalic Oxide or Anhydride, Ta"0'. In the 
hydi'ated state, Tantalic Acid. — Tins oxide is formed when tantalum burns in the air, 
also by the action of water on tantalic elilonda, and may be separated as a hydrate 
from the tantalates by the action of acids. It is nsnally prepared from tantolito, 
which IS a tautalato of iron and manganese, containing small quantities df stannic and 
tungstie acids, and a varying (somotimes considerable) quantity of niobic acid, by 
fusing the pulverised and levigated mineral with twice its weight of potassic 
hydrate , or, better, mtli excess of acid potassic sulphite (6 or 8 pts, according to 
Berzelius, 3 pts according to Marignae), in a platinum crucible 

The moss, when cold, is pulverised and repeatedly boiled with fresh quantities of 
water, tiU no more sulphate of potassium, iron, or manganese is dissolved out of it, 
and the residue, consisting of tantalic acid mixed with ferric oxide, stannic acid, 
tungstic acid, and niobic acid, is then digested with sulphide of ammonium containing 
excess of sulphur, which removes the tin and tungsten ns sulphides, and converts the 
iron into insoluble sulphido The hquid is filtered, and the tantalic acid is washed 
with water containing sulphide of ammonium, thou boiled with strong hydrochloric 
acid to remove the iron, and washed with boiling water. It may still, however, con- 
tain silieio and niobic acids. To remove the former, it is dissolved in aqueous liydro- 
flnono acid, the filtered solution mixed with sulphuric acid and evaporated to dry- 
ness, and the residue ignitedas long as its weight continues to dimmish (Berzelius', 
H. Bose). To remove the niobinm, the Uiilalie acid is rodissolv^ in aqueous 



666 • TANTALUM, OXIDES OF. 


iiydiofluorie acU, and treated acid flnonde of potassimn m the manner already 
deacribed (p. C64). The pure fluotantalate of potaseium thus ohlained is decomposed 
hy heating with sulphuric acid , the sulphate of potassium dissolved out hy hoding 
•with water ; and the remaining tantalio sulphate strongly ignited to ospel the sul- 
phiu'io acid (Marignnc). By this process, Muriguua has prepared eonsideruhla 
quantities of tantalic oxide fiioni eolumhites containing that compound together with 
niobio oxide. 

Anhydrous tantalio oxide, obtained hy igniting the hydrate or sulphate, is a white 
powder, which remains white 'when heated, or acquires hut a very faint tinge of yellow. 
Its specific gravity varies from 7 022 to 8 2C4, increasing wifli the temperature to 
■which It has been exposed (H. Bose), according to Mariguae, the specific gravity 
= 7'60 to 7'64,. Nordenshyold and Chydenius (Pogg. Ajui. ex. 6i2; Jahrosb. 
1860, p 146), hy fusing it -with microcosmic salt, and treating the fused mass -with 
hydrochloric acid, obtained, together with the amorphous oxide, a small quantity of 
heavy needle-shaped crystals, which were rhombic combinations with the dominant 
faces, cvP, poo , and the angles cdP ; cop =. 100° 42' ; j&oa ; pco over the principal 
axis = 90° 20'. Tantalio oiade neither molts nor volatilises when heated, aud is 
destitute of taste and smell. It is loduted to the metallic state in the circuit of a 
very powerful voltaic battery; partially also by very strong ignition in contact with 
charcoal When heated in armnonm-gas, it yields nitoide of tantalum , and by ignition 
in cyanogen-gas, it is partially converted into nitride and cyanide of tantalum (H. 
Rose). Ignited m vapour of carbomo iisulvhde, it yields disulphide of tantalum ; 

Ta^O’ + 5CS» =. 2TaS* -h 6CO -r S" 


Tantalio oxide is insoluble in all acids, and can only be rendered soluble by fusion 
with hydrate or carbonate of potassium 

Hydrated tantalic oxide, or Tantahc add, obtained by precipitating an aqueous 
solution of potassic tantalate with liydrochlone acid, or by decomposing tantahc 
chloride ■with water containing a little ammonia, is a snow-white huUty powder, which 
reddens litmus-powder while moist, and dissolves in hydrochloric and hydrofluono 
acids. Whon strongly heated, it gives off ua water and becomes moaudesoont The 
hydrate, obtained hy fusing tantahte with acid sulphate of potassium as above des- 
cribed, IB of a denser and more crystalline character, insoluble in aU acids except 
hydrofluoric and strong sulphuric acids, and is precipitated from the sulphuric solution 
hy water Whon heated it becomes anhydrous, but does not emit light. 

Tantalatos, 4M*0,3Ta’0‘ » (according to Marign a o) — 

The first of these formulse uiclndes the native tantalates , thesecond, ceitam easily orys- 
flilhsahle tantidates of the alkah-meUls 

The tantalates of the alJeali-metah are soluble in water, and are obtained hy fusing 
tantilio oxide with caustic alkuha Tantahc oxide fused ■with hydrate ofpotassiian in 
a silver oiuelble, forma a transparent mass of potaaaio tantalate, which, after cooling, 
dissolves completely in water With hydrate o/ aodxum, it fuses into an opaque turbid 
mass, aud ultimately deposits a sediment, wliieli is not taken up by fusion with any 
excess of the alkali Water poured upon the fused mass when cold, dissolves out the 
excess of soda, hut not a trace of tantahc acid , and the residue, when trouted with 
fresh water, dissolves and forms an opalescent solution of acid sodio tantalate, which, 
salt is completely insoluble in a strong solution of caustic soda, and is therefore preci- 
pitated on mixing the liquid with the solution of soda previously obtained by ta-eating 
the fused muss with water When tantalio oxide is fused with potassic or aodic 
carbomte, tlto fused mass le not completely soluble in water 

The tantalates of the eaiih-meieda and )miig metah are insoluble in water, and are 
formed hy precipitation (p. 663) 

Heiroiis Tantalate, BoO Ta*0“ — ^This salt occurs native as t ant all te and. 
tapi olite, rarely however quite pure, the iron being generally more or less leplacod 
hy manganese, and the tantalum hy niobium, tin, and zirconium Coluinbite or 
niohito IS a mineral of analogous constitution, contoiuing both tantalum and niobium, 
the latter however jircdominating • some of the Greenland oolumbitos contain only 
niobium, without bintuluni. 

Tantalne is found at several localities in Binland, at Broddbo and Binbo near 
Pidilun in Sweden, and at Cbantelonb near liiinoges in Branco. It occurs in trinie- 
tric crystals having the axes a S : o =. 0 6617 : 0'8170 . 1, and usually hounded by 
tile faces P and coPi, ■with wP co, ool* oo, fa, f oo, and sf cd subordinate. Anglo 
P.P (terminal) = 126° 1' and 112° 32',' (lateral) = 91° 41'. Twins united hy 
the face «P<»uro of frequent occurrence (A. E. Nordonakjbld, Pogg Ann ci. 
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625 ; Jahresb 1857, p. 282) The mineral likewise occurs massive, apd imhedded, in 
angular fragments of irregular shape. Hardness = 6'0 to 6‘6. Specific gravity = 
about 7'0 to 8’0. Oipaque, with imperfect metalho lustre and iron-black colour, black- 
brown to cinnamon-brown when pulveriaed Fracture mostly uneven. 

Nordenskjold distinguishes as ixiolite, a stanniferous and manganlfetons variety 
of tantalite, occurring, together with tho preceding (which he designates as skogbo- 
lite, or simply as tantalite), at RkogbolB m Finland. It likewise forms trimetrio 
prisms, but having the axes a . i ‘ o = 0‘5508 . 1'2460 • 1. and exhibiting the 
dominant combination oP . wP oo , oof oo, with P, ooP, f t», 3P oo, and jf oo subor- 
dinate. Haidnesa = 6 0 to 6 5. Specific gravity = 7 0 to 7*1. Lustre faintly 
raetaUic. Colour black-grey to steel-grey, brown in powder. Fracture flat, oonchoidal, 
sometimes nearly uneven. 

The more stanniferous vanohaa of tantahte are designated by Hansmann 
{Lehrb, d Mineral, p. 960)aaGas3it6rotantalite, the loss stanniferous as Sidero- 
tautalite, the former are also sometimes designated, according to their localities, 
iis Finbo and Broddbo tantalites, the latter as Kimito and Tammela 
tantalites. 

Tapiolite, occurring at Sukknla in Tammela, Fihlaud, has the composition of 
tantalite, hut crystallises in diaetrio forms, having the same angles and ratio of axes 
as rutile j ferrous tantaiate is therefore dimorphous (or trimorphous, if ixiobto is 
really a distinct crystallographic species). (Hordenakjold, Pogg. Aim cxxii. 604; 
Jahresb. 1864, p 866.) 

AE tantalites (including tapiolite) aremfusibleand unalterable before tho blowpipe. 
They dissolve easily in borax end microeosmio salt, giving the reactions of iron and 
manganese The more stanniferous vanetios, heated on charcoal with sodio carbonate, 
yield numerous spangles of tin Tantalites are not attacked by acids 

The following analyses of tantalite ore from Eammelshorg’s Minercdelimie, pp. 890, 
391 , those of tapiolite arebyArppe (Jahresb. 1862, p. 763) and A. Nordenskjold 
(Pogg Ann. oxxti. 604; Jahresb, 1864, p. 868) — 

Chanieloub, nearr Limoges. 

Damour. Jeuzsch. Chandler. 

Specific gravity . . 7'64— 7-66 7'703 7’027— ?’042 7-e8B 

Tantolio oxide . . 82 98 83 66 78-98 vTio 

Stannic oxide . . 1 21 1 02 2-36 1-61 

Silica . . . 0-42 

Zirconia ... . . 1 64 6 72 1-32 

* Perrons oxide . 14-62 14 48 13 62 14 14 

Manganous oxide . . trace trace trace 1-82 

99 23 100 S9 100 68 98-68 


Torroby in Tammela, FiidoMd. 

Nodcnskjhld. Jacobson. Brooks. 

Specific gravity . . 7-261 7 167 . . 

Tantalic oxide . . 88-49 84-16 8-1-70 

Stannic oxide . . trace 0-32 0-60 

Ferrous oxide . . 13-76 14 68 14-29 

Manganous oxide . 1-12 0 90 1 78 

Lime 0 07 

Cupric oxide . . 1 81 0 04 

98-36 10198 101 31 ' 

^ ShogboU m Kinvda, Firdand 

Klaproth. Berzelius Hermann Nnrden- Warnum. 
Specific gravity . . . 7-036 . . Tfifi' 7 U2-7 156 



Tantalic oxide . 88 83 2 85-86 
Stannic oxide . 0 6 0 80 

Ferric oxide . . . . , 

Ferrous oxide . 10 7-2 12-94 

Manganous' oxide 2 7-4 160 

Lime 0 56 

Cnpnc oxide . . . . 0-72 (- 

Too WS 102-47 


84 09* 84 44 77 83 76 71 76 81 

0-70 126 6-81 9 67 9-14 

10 08 

3 33 13 41 8-47 9-80 9-49 

1 32 0 96 4 88 4 32 4 27 

. . 0-16 0 60 . . 0-41 

0-14 0 24 ■ . 0-07 


99-52 100-36 98-73 99-60 100-19 


t 73 07 T,P 




A Nordenskjold. 

8S‘06 

1 or 

16 78 
99 61 

Marignao fotrod in aSwedisli tantalite 

WO» Nb«0» Snoa FeO MnO 

65-60 10 88 8'10 8'96 6-61 = 100'14. 

Hs has also doterminod the quantity of tantalio oxido in wious columbites, and con- 
cludes that if a perfect separation of the tantalio and niobie oxides could he effected, 
the Bpeoifio gravity of this mineral -would he found to increase proportionally to the 
percentage of tantalio oxide present. The following are- the numbers obtained — 


Sp gr. TaSO» p o. 

Colnmbite from Qreenland . . • . 6‘88 3 3 

„ „ Aoworth (New Hampshire) . 6‘63 12 8 

„ „ La Vilato (near Limogos) . 6'70 18-8 

„ „ Bodenmais (Bavaria) . . . 6'74 18 4 

„ „ Haddam (Oonnectieut) . . 6‘86 lO'O 

„ „ Bodenmais .... 6‘92 27 1 

„ „ Haddam 6'06 30 4 

„ „ Bodenmais . . . . 6 06 86'4 

„ „ Haddam 6'13 31 S 

Tantalite 7'03 66'6 


Tantalite and eoliimhite may he represented hy the general formula (PeO; 
MnO)(Te'*0‘; Nh*0‘) Puro tantalite, as that of Kimito, contains from 83 to 
85‘8 percent tentalic oxide, and pure oolumbite or niohite, from Greenland, oontams 
70 to 7&por cent, niohic oxide, the other varieties yield intermediate numbers. 
(Marignac.) 

Tantalato of Yttrium, or YttrotantaUte, is found native at Ytterby, in Sweden, 
in red felspar, and at Broddbo and Finbo near Ptihlun, imbedded in quartz and 
albite. It exhibits the follovidng varieties . — a. The hlaofc variety exhibits indistinct 
traces of crystallisation, in fonr- or six-sidod irregular pi'isms and plates, Hardness 
= 6'6. Speoifle gravity =■ o‘396 (Berzelius), 6'67 (Rose), and 6'40 after heating. 
Lustre suhmetallic. Streak grey. Opaque — B. The yellow variety is non-crystaUme, 
and occurs in laminoo in the fissures of felspar. Hardnosa ■= 6. Spscifio gravity ■=■ 
6-882 (Ekeberg), 6 810 (Potyka), Lustre resinous on tha surface, vitreous on 
the fracture. Colour yollowish-hrown to greoniah. Streak white. Opaque . — y The 
brown variety occurs -with the yeUow in thin plates, or rarely in grains, preaentiffg no 
trace of mystallisation. Hardness = 4-6 to 6 Lustre vitreous inchning to resinous 
Colour black, with a very light shade of brown , shghtly yellow in thin plates by 
transmitted light Streak iroite 

The several varieties of yttrotantalite give off, when heated, from 3 9 to 5 64 per 
cent, water, are infosiblo alone before the bloivpipe, but decrepitate, and assume a 
lighter colour. The black variety fl-oths and iiises with carbonate of sodium. They 
dissolve in borax, but aie not acted upon hy acids. 

The following analyses are taken from Eammelshorg’s MiueralcTiemk, pp. 399, 
400- — a. Black, lost by ignition 6 74 per cent -water (Berzelius) —6. Bro-wn- 
black • those specimens which retained their colour on ignition lost 2 72 per cant 
water, those -yriiiah became yellowish, lost 8 06 per cent (Berzelius). — c. Yellow 


Tantalio oxide . . . ■ 83-66 82'7i 

Stannic oxide ... . 0-83 

Eerrous oxide . . . 15 44 ' 16 99 

99-10 99 63 
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lost by ignition 4 85 per cant, water (Berzeliua). — iJJBlack specific gravity =. 5R7‘ 
lost by Ignition 8'9 to 4‘6 to 6'64 per cent, turning yellowisli-browa, and ncqmi ad 
a epociflo gravity of 6’4 (Perotz) — e. Specific gravity 6 468 (Chandler) — 
/. Yellow, turning yellowish-brown before tlie blowpipe ; paitially dccomposible by 
siilphurio acid. Specific gravity ==. 6'810 (Potyka) • 


Oiantabo onda 67-00 61-81 69 60 60-12 65-80 67-27 66 60 

Tungstic oxide 8 26 2 69, 1-26 1 04 0 67 1 86 0 49 

Stannic oxide . . . . . . . . . . 0 10 0-10 

Yttria 20-26 38 62 29-90 29-78 20 22 18-04 26-62 

Cerous oxide . . . . . . . . . . . , 1-86 

tJranic oxide 0-60 1-11 3 23 6 62 

Uranous oxide . . . . . . . . 3 76 6-10 7 00 

Lime 6-26 ' 3-26 3-29 0-60 7 18 4 78 3 60 

Magnesia 133 0-76 0 19 

Perrio oxide 3-60 0 66 2 72 1-16 

Perrons oxide . . , . . . . . 6 96 4 82 0-77 

Cupric oxide . . . . , , ... 0-40 0-69 0-43 

Water ^ ^ ^ ^ ^ 4-86 6 00 _4-ll 

96 76 97-86 99 89 99-21 100 07 100 00 99 66' 


The later analyses {d, e, f) may bo represented, approxinmtoly, by the formula 
OTO.TaO® (Ta = 137) or O-YOTa-'O" (Ta ■= 182). As, however, the mineral con- 
tains tungsten in varying proportion, the brown varieties apparently containing nioi-o 
than the yellow, the composition cannot he regarded as definitely established, es- 
pecially as the formula just given takes no account of the water 

TiUffXAXi'lTnx, SUXiPKIBE OP, TaS*f, is obtained by igniting tantalio oxide 
in vapour of oarbomo disulphide (p 666), or by exposing tiintalie chloride to the 
action of sulphydne acid gas the product is not perfectly definite in either case. The 
first prouoBS yields a product containing 28 6 per cent , tho second 24-08 per ceiil 
sulphur; tho formula above given requires 26 01 per cent Sulphide of tantalum is .i 
black substance, which acquires a brass-yellow colour by trituration in an agate mortar. 
Heated in an atmosphere of oblorine-gas, it is converted into tantalic chloride and 
chloride of sulphur (H Bose.) 

TAPAN-BOACAirOA. Ivon Conglomerate — A peculiar conglomerate occurring 
near Villa Bioa, Itabira, Oongouhas da Campo, Marianna, and other places in tho pro- 
vince of Minas Geraos, Brazil, superposed on ferruginous mica-slata, clay-slate, itaco- 
lumite, and taloose slate, and consisting for the most part of angular 'raginents of iroii- 
glanoe, ferrugmous mica-slate, magnetic iron-ore, and brown hsematite, lioiiud togellu-r 
by an aigillaceons cement, consisting of yellow, brown, or red ochre The propoi-tuju 
of cemeut vanes, and the mass contains, besides the minerals above mentioned, frag- 
ments of itacolumite, clay-sl-ate, quawite, and otliov rocks The conglomerate often 
contains imbedded laminse of gold, (ffandw. d Cltem viii. 612 ) 

TAPXOCA. A kind of starch obtained from the roots of JanwJta Mani/iot (p. 
408) 

' XAPIOEITE. The quadratic vanoty of ferrous tantalata found at Sukkula in 
Finland (p. 667) 

TAR, Theer. Goudron — hi-own-hlaek, mscid, oily liquid, produced, together wotli 
gaseous and watery pioducts, in the dry distillation of organic bodios and bituminous 
minerals (ii. 389). It has generally an unpleasant, and sometimes a highly fetid 
odour ; and is a mixture of various substances, acid, neutral, and alkaline, varying m 
composition according to tho nature of the original body and the temperature applied 
in the distillation Tar obtained from vegetable substances has an acid reaction, but 
coal-tar and the tar of animal substances are alkaline 

The principal groups of compounds contaiiiod in tars are liquid and solid 
hydrocarbons, nlcohol3,ethBrs, acids, and bases, together with rosins, and 
empyreumnti c products of indetermin.ite composition On subjecting tlio t.ir to 
repeated distillation, the more volatile and liquid hydrocarbons, together with thu 
alcohols and ethers, pass over first, wliilo the less volatile oils consist chiefly of acid 
and basic compounds, and the last portions which distil over contain the solid hydio- 
cai-hona. The residue loft aftoi- about half the tar has distilled over— called pitch, and 
likewise asphalt, when obhiined from coal-tar — also contains solid hydrocarbons, toge- 
ther with resinous compounds 

By fractional distillation, tlie more volatile oonstituents of the tar are separated into 
portions of constant boilrag-poiiit, or boiling at temperatures comprised within ninrow 
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limita. The oily portions are treated with dilute acids, or (as Hofmann Tpcofflmends) 
with hydroehloMo acid gas. to remove tho hasie constituents The several alkalis 
are then separated one from tho other hy fractional distillation, or by fractional preei- 
pitation of their platinum-Balts (see T'lcoi.mc, iv. 637) The oils freed from these Vses 
are heated with strong sulphuvie acid, which decomposes a number of indoterniinate 
aitipyronmiiUe products, whereby tho subsequent separation of the remaining con- 
stituents IS much facilitated — ^Tho acid products contained in the several distilhites 
are removed by means of alknlis. Strong potash-ley forms, with creosote and phenol, 
crystallised compounds, by means of which these bodies can bo separated from the 
rest (iv. 388). Potesli-ley and milk of lime are also frequently used to free the neutral 
oils from rosmous bodies. — ^Tho separation of the neutral oily hydrocarbons one 
from die other is effected partly by fractional distillation, partly by other methods 
Mansfield, by Sub]ectrag the portion of light coal-tar oil hoibng between 80° and 90°, 
to a cold of — ) 0°, saparatod benzene in the erystaUine form from the other hydro- 
carbons contained in it (i. 612). The oloflnes C"H-" may often he conveniently sepa- 
rated from other hydrocarbons by combining them with bromine (in. 187) , and by 
treating tho bromine-compounds with sodium, the olefines may he set free, and sepa- 
rated one from another by fractional distillation The hydrocarbons of the henzene- 
seriea, may be separated fr-om mistiires of hydrocarbons by converting them 

into niteo-compounds. 

The ohi^f liquid constitneiits of wood't <■ ’ . • * ■ 

— namely toluene, xylene, and cumene — i • 
tween 100° and 265°), oiipione, creosote, a 

including pioamar and capnomor. Amongst the solid portions are resinous matters 
more or leas resembling colophony , also paraffin, naphthalene (C’H*), anthracene 
(C^H**), chrysene retono (C'E'"), pyroainthm, pittacal, and csdriret. 

The more volatile portion of eoal-tar, called lighi-oti or eoal-naphtha, consists 
mainly of benzene and its homologues, together with a number of hmses, *N, 

commencing with pyridine, C‘E’N , the naphtha from cannel and Boghead coal is 
chiefly composed ot alcoholic hydrides, homologous with marsh-gas, together with 
olefines and homologues of benzene. The less volatile oil, or dead-otl of ooal-taa', con- 
tains phenol andcresol ; also amUne, picobno, chinoKne, and other volatile bases, and a 
number of soUd hydrocarbons, including naphthalene, anthracene, chrysene, &e. — The 
tars obtained from peat and lignite are intermediate in composition between wood-tar 
and coal-tar Shale-tar contains tho same hydrocarbons as Boghead naphtha ; also 
phenol, and a large quantity of the bases, homologous with pyndine. (See 

hfiVETKA, iv. 2.) 

The preparation of tar from coal, peat, hgiiite, and bitnmmons shale, has acquired 
great importance of late years, for obtaining paraffin and paraffln-oils for illumination 
and lubrication (it 342) Coal-tar has also ac^ired great value as the source of 
aniUne-colonrs, and of phenol, picric acid, &e IleaTy coal-oil or dead-oil is remar- 
kable for Its antiseptic qualities, and is commonly used, without further purification, 
for the preservation of timber for railway sleepers, &o. It is also consumed as a fuel 
in common lamps, but is chiefly nsed for burning into lampblack 
■Wood-tor hkcwise possesses powerful antiseptic properties, duo to the creosote whjeh 
it contains, hence it is also much used for the prosorviition of wood, especially 
in shipbuilding In Ensaia and Sweden it is prepared, by a rude land of distilft- 
tion, from tho resiaons wood of the pine A conical cavity is formed in the 
side of a hillock, the apex ot the cone being below, and terminating in an aperture 
which opens into a trough leading to a reservoir for the tar The £ln is filled with 
wood and partially covered over with turf, the pile is lighted at the top, and the 
combustion m regulated by coTeruig.it more or less completely with tur£ The wood 
is thus charred from above downward, and the tar flows out at the bottom, charged with 
a considerable qimulity of rosin, and mixed with acetic acid and oil of turpentine. On 
heating, an impure essence of turpentine is distilled, leaving a black resinous substance, 
which constitiitoE ordinaiy pitch. The tar thus prepared la known in commerce as 
Stockholm tar. 

The process just described is evidently a very wasteful one, especially entailing the 
loss of the greater part of the more volatile products of the distillation— acetic acid, 
wood-spiTit, &o Accordingly, wood-tor is now more generally prepared, like the other 
kinds of tar, by distillation in cylinders. (Bov details, see Bandm d. Chem., viii. 650.) 
T ARAXACIK. See the nest article. 

TARAXACUIW OFS’ICIWAXB. leontodon Taraxacum. — The 

herb and root of this phint ate used, either singly or together, for the pieparation of 
'Extract of dandelion Tho herb contains the usual plant-constituenta— albumin, gum, 
sugar, mucilago, &c. Tho root contains a milky juice, which, on exposure to the air, 
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coagulates, deposits caoutchoup. and acquires a nolet-brown colour. John found in it 
a bitter entraotire matter, together with sugar, gum, traces of resin, ftoe vegetable apid, 
and the ordinary salts. The substance here called gum is doubtless partly inulin 
(ill. 277), the presence of which in the aqueous extract of dandelion has been demon- 
strated by Pnchinger (Bnchu. Repert. xxui 45), Widemann (t6id. xlui. 281), 
Overhecl!: (Arch. Phnrm xxiu 240), and others. T. and H Smith (Pharm J. 
Trans, viu. 480), by treating the oitraet of the root prepared with cold watte and 6v.i- 
porated to a syrap, witli alcohol, obtained a precipitate of albumin, pectin, &c. , and 
the liquid filtered therefrom deposited, on evaporation, oystals of mannite. They are, 
howqvar, of opinion that the mannite does not pre-exist in the root, but is produced 
from cane-sugar, or from innim, by fermentation, under the influence of the albumin. 
Perhaps its formation is connected with that of lactic acid, the calcium-salt of which 
constitutes the deposit often formed mMeUago to uaiaci, especially after loug standing. 

The bitter aubstaneo of the root, the so-called taraxacin, and the resm, have been 
examined by Polez (Arch. Pharm. xix 60). The mliky juice of the root is received 
in water and heated to the hoihng-point, .ind the liquid is filtered fiom the coagulum 
of resin and alhnmm which forms on cooling The filtrate, after concentration and 
further evaporation in fre5 air, at a moderate heat, deposits taraxacin in warty crystals, 
which may he purified by jiaorystaUibation from water or alcohol They taste pleasantly 
bitter, and somewhat sharp , melt easily, giving off inflammable, non-ammoniacifl vapours ; 
and dissolve rcadiljr m ether, alcohol, and boiling water. Taraxacin also dissolves 
without alteration lu oonoontrated acids, aud is indifferent to most other reagents. 
(Polex.) 

If tlio ooagulum above mentioned be exhausted with boiling alcohol, and the filtrate 
left to evaporate, ream of taraxacum is deposited, lu white oauliflower-liko crusts. 
It melts easily, takes fire with difficulty, is dissolved by ether, not by caustic alkalis, is 
bnt sligjhtly attacked by nitric acid, but is dtssolved with yellow coloiu- by wanu 
sulphuric acid The sharp-tastmg alcoholic solution is not precipitated by basic 
acetate of lead (Polex). See also Kromayer (Arch Pharm. cv, 6), who designates 
the di'ied milky juice of dandelion as loontodinm, 

TASHOWXTXITB. Breithaupt’s name for the plumbiferous arragomte of Tar- 
nowitz in Upper Silesia, sometimes containing as mucli us 4 percent, of plumbic carbo- 
nate _ It forms prismatic or pointed crystals, and eyliudrical aggregates of white or 
greenish colour It has a specific gravity of 2 8 to 3 01, and if moistened with sulphu- 
ric acid, after ignition, turns fli'st red and then black According to We b s k y (Zeitsclir. 
d. deutsoh geolog. Gesellsch ix. 737), the crystals have the same form as tWo of 
arragomte 

TABTAB. A generic name for salts of tartaric acid, bnt applied especially to the 
acid tartrate of potassium, which in tho crude state, as deposited fiorn fermenting 
grape-juice, is called crude tartar or argol, and when purified by solution and re- 
orystalhsation, cream of tartar 

Cnide tartar or argol is of a pale, pinkish, or dark-rod colour, according as it is 
deposited from white or from red wines. It forms a hard crystalline crust, varying 
in thickness with the ohaiaoter of the grape, the degiee unripeness which it has been 
allowed to attain, and the peculiarities of the. processes adopted in different vineyards. 
Besides acid taitiuta of potassium, -which is its essential constituent, it usually contains 
tartrate of calcium aud various impurities Sohourer-Kestner found in a sample from 
Tuscany, 73 67 per cent tartano acid, 22 13 potash, 0'62 glucose, 0 88 eeUidoso, 0 32 
BiUoa, 0 26 oxide of iron, 1 39 magnesia, and 0 73 colouring-matter Tho same chemist 
gives the following statement of tho results of numerous analyses of tartars from 
vai-ious localities . — . 


LoenUty. 

Uuallty 

Aold Tartrute of Potassium 

Tartrato of Calcium 
pet* cent 

Switzerland 

Burgundy 

Tuscany 

Hungary 


White 

Red 

White 

Red 

77 60 84-96 86-10 
73 60 86-90 

32 10 

84 60 *86 20 88-60 
67 30 

24 20 

48 73 99 

7-7 18 3 

46-26 

9-20 

46-20 


The best tartars come from Italy aud the South of France, 

Tartar is used for the manufactm-e of tartaric acid, aud of carbonate of potassium (iv 
713) For tho fli'St mentioned purpose, tho presence of a laige amount of mucilaginous 
or other organic matter is very obipctionahle To remove this impurity, a considerable 
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proportion of the aigol sent to this country is previously submitted to a simple process 
of pui'idoation, which consists in rediasolving it m hot water, and adding a small q^uau- 
tity of clay in fine powder. The clay hocouies mixed with the flocculent matter, and 
carries it down to the bottom of the vessel. The clear solution is concentrated and a 
crop of cryattjs obtained, which is then called tartar The repetition of the process 
yields a proportionally purer article, and tartars ore met with in this country, contain- 
ing from 85 to 08 or 09 per cent acid tartrate of potosaumi. 

On the other hand, tartos are very often frandulently adulterated with sulphate and 
dlloz'jde of potassium, sulphate and chloride of ealcium, and other cheap materials, 
so that it IS of importance to the manufacturer of tartanc acid to possess a ready method 
of ascertaining the quantity of tartaric acid contained in them. Now, the direct 
estiniation of tartanc acid ia difficult, as none of ita salts are insoluble iu water ; hence 
it has been usual to estimate the proportion of it in tartars by determining the 
quantities of potash and lime present, and reckoning both hases as tartrates. Such 
a method, however, ■would clearly lead, in the case of adulterated tartarS) to an 
over-estimation of the amount of tvrtarie acid present. Hence it is necessary to 
determine not only the omoimt of bases, but likewise that of the sulphuric, car- 
home, or other acids present, besides the tartanc; to calonlate the quantities of 
base required to saturate these acids , and reckon only the remainder as tartrates. 
An exact and ready method of ascertaining the commercial value of tartars is stiU a 
desideratum. 

Tartrate of calcium con scarcely he regarded as an impurity in tartar intended for 
the manufacture of tartaric acid, inasmuch as the first step in the preparation of that 
acid is to convert the tartrate of potassium into tartrate of calcium Nevertheless, the 
presence of a considerable quantity of calcic tartrate in the tartar is ohjecbonable, 
because it quickly undergoes decomposition under the influence of damp, and is con- 
verted into carbonate. Nor tliis reason dry stonng-places are of great importance for 
. preserving tartars and argols, especially those contaming much tartrate of oaloinm. 
(See BLohardson and Watts's Clurniioal Technology, i. [5], 182, 188.) 

TARTAK-ZSIWETZe, Fotassio-antimonious tartrate 

TARTABZC ACID. 0*H"0« = 0* or (C'ff 07’'|o';— This for- 

mula represents the composition of five different tetratomie and dibasic acids, some of 
which agree with one another m nearly all their chemical characters, though they axe 
aU distinguished by marked differences of physical properties, espeoially iu their orys- 
tallmo forms and their relations to polarised light. These five modifloationa of tar- 

1 Hoxtrotartario or ordinary Tartanc acid, which forms anhydrous, hemi- 
hedral, rhombic crystals, and turns the plane of polarisation of a Innimous ray to the 
right. 

2 Ltevotnrtoric or Antilortorio acid, wliioh also forms anhydrous, hemihe- 
dral, rhombic crystals, but turns the plane of polarisation to the left 

3. Paratartaric or Bacomic acid, which forms hydrated, holohedral, tnolinio 
crystale, is optically inactive, and may he separated into doxtrotartarie and Isevotartario 
acids (p 86). , 

4 Inactive Tartaric or Mesotartarie acid, which is also without action on 
polarised light, but is not, like the preceding, resolvable into dextrotartario and Imyo- 
tai'taric acids 

6. Metatartario acid, a modification produced by the action of heat upon ordi- 
nary tiirtancucid, is deliquescent and uncrystalhsable ; its salts differ from those of 
ordinary tartaric acid by their crystalline form and greater solubihty. 

Dextrotartarie and laevotnrtaric acids resemble one another exactly m specific gravity, 
solubility, and all then physical properties, excepting crystalline form, action on polarised 
light, and pyroelectrioal relations. Their crystals are hounded by the same number 
of faces, inidiiied to one another at exactly the same angles ; but they exhibit certain 
bemihedral laces, which, when the erystals are smularly placed, are situated to the 
right in the one crystal, and to the left in the other ; so thot the two oryetals, though 
similar, are not snperposible, bub are related to one another hke an Direct and its re- 
flectedimage Solutions of the two aeids of the same strength deflect the plane of pola- 
risation by exactly equal amounts — the one to the right, the other to the left [a] = 
+ 9’6 (see Ligim, iu. 076). Both acids exhibit pyrodectricity. but in opposite direc- 
tions, a crystal of either acid, when heated and left to cool, exhibiting positive electri- 
city on the side on which tho bemihedral faces are situated. 
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The same relations of crystalliTio form, optical rotatory power, and pyro-eloctricity, 
are axliibited by the oorrespouding metallic salts of deitrotartanc and Isevo- 

Wlien solutions of equal weights of deidro- and l®vo-tartaric acids ore mixed, the 
mixture yields by eraporation holohodral crystals of racemic acid. Mixtures of equal 
weights of the corresponding metallic salts also yield racemates, except m the case of 
the amraonio-fcodie salts (lii 075) 

Dextro- and Iffivo-tartario acids further resemble one anothem exactly in their chemi- 
cal relations to all substances which have no action on polarised light, but when they 
come in contact with other optically active substances, this chemmsl identity no longer 
exists In, some cases, one of the acids easily forms compounds which cannot be pro- 
duced with the other , in other oases, the two acids yield compounds identical in compo- 
sition, but ddforing considerably in their properties. Thus, dextrotartarie acid combines 
readily with asparagine, forming a crystaUme compound ; but Imvotartario acid forms 
with It only an uncrystallisable ayrup The acid ammomum-salt of dextrotartarie acid 
forms a orystalhsable double salt witli the acid ammonium-aalt of optically active 
malic acid , acid tevotartrate of ammonium, on the contrary, does not form a corre- 
sponding compound Dextrot artrate of ciuchomne contains 2 at water of crystallisa- 
tion, dissolves easily in absolute alcohol, gives off its water and begins to become 
coloured at 100° . the Imvotartrate of cinchonine contains only J at. water, but bears 
a heat of 140° without alteration The dextro- and Isevo-tartrates of quinine, brucine, 
and etryohuine exhibit similar diUerencos (i. 683, 977 ; v 24, 442) 

The different reactions of the two opposite tartaric acids with optically active sub- 
stances afford the means of resolving racemic acid into its component acids. IVlen 
cinchoiiieine is dissolved in racemio acid, the solution, at a oertain degree of ooneen- 
tration, deposits at first crystals of lievotartrate of cmchomcine , from a solution of 
quinicine in racemic aoid, on the other hand, dexti'otartrate of qmnieme crystallises out 

Eaoemic aoid may also be decomposed by fermentation Wben a few spores oi 
PeiiiaUlium glaucum are introduced into a solution of racemic acid containing traces 
of an alltaline phosphate, fermentation is set up, the dextrotartarie acid is deoom 
posed, and if the fermontation he lutormpted after a certain time, the liqmd contain, 
nothing but lavotartaric acid. 

When dextrotartrate of oinchonino is heated for some time to 170°, part of the dex- 
trotartario acid is converted into Imvotaitario acid, and the two combine, forming 
raeomie acid. Lmvotartario acid may be converted into racemic acid in the same 
manner Eacemio acid is also produced by the action of heat on ethylic tartrate (p. 
36) (Pasteur, Ann. Ch Pharm Ixxii 164, Ixxxiv. 167; hcxxnu. 211, Jahreab. 
1847-48, pp. 31, 205; 1849, pp. 127, 307, 1852, p 176; 1863, p. 423 , 1858, p 248 , 
1860, p. 250 ) 

Bextrotartarlo Aoid, C'H'O''. Ordvnartj Tartano Acid Sexfroracemie Acid 
Tariirsaure Tariri/Isattre, Wemsanre WemUeinsaure Sal essentiale tartan Aside 
turiangue — ^Tliis acid was first obtained in the free etate by Schoelo in 177 0, but its 
existence m taitar had been fireviously suspected by Duhamel, Maiggraf, and 
Eouelle. It is very widely difftisert in the vegetable kingdom, occurring as frequently 
as citric and malic acid. Its existence in grapo-jnice, as acid tartrate of potassium, 
has long been known , the older chemists indeed. Van Helmoiit and others, were 
awaro that the tartar deposited from wines existed ready-formed in the juice of the 
grape. It is also found in the free state, or as a potassium- or caleium-salt, m tama- 
rinds, unripe mountain-ash hemes, madder-root, potatoes, Jerusalem artichokes, 
sorrel, girlcms, mulberries, pine-apples, black pepper, the leaves of Chdidomwm majua, 
the bulKs of Scilla wanlma, &c. 

Dextrotartarie acid is artificially produced ■ — a. Mostly together with racemic acid, 
by the oxidation of saccharic acid, and of dextroglucoso, cane-sugar, milk-sugar, starch, 
gum, and sorliin, with nitric acid (p 36) — fi. By boiling acid bromomalate of calcium 
(ill 795) with lime-water Acids having the composition of tartaric ure ulao said to 
be produced — y. Fiora citric acid, when lemon-jmee is kept for a jear in bottles 
(Schindler, Ann Gh Pham xxxi. 280) — S. Promasolution ot pjroxylinin potash 
(Korckhoff and Reuter, J. pr Ohem. xlvi. 284), hut it is not stated whether 
these acide are identical in phyeical properties with dextrotartarie acid The acid 
C^H®0“, obtained by boiling the silver-salt of dibromosiiccimc acid with water, or its 
calcium-salt with lime-water, is optically inactive (Kekul6, p 469 ) 

Pteparatwn — Tartanc acid is always prepared from acid tartrate of potassium — on 
the small scale from the purified salt (cream of tartar), on the large scale from par- 
tially purified tartars or crude argols. A hoihng solution of the acid tartrate ie first 
treated with pounded chalk or whiting, to convert it into insoluble sulphate of calcium 
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and aolubla neutral tartrate of potasaiiim 

2C'H‘E:0“ + Ga"GO“ = OWKW + G*H<Ga"0'' + ffO + GO^ 

The mixture is thrown on a filter, and the filtered solution of neutral potassic tar- 
trate IS mixed with solution of calcic chlondo, or with preeipitotod calcic sulphate, 
obtained from a previous operation, whereby the whole of the tartaric acid is precipi- 
tated as tartrate of calcium. The two lime-precipitates are then boiled with a quan- 
tity of dilute siilphiino acid Biifficiout to convert tho wholo of the calcium into 
sulphate , and tho filtered solution of tartaric acid is evaporated to a syrup at a gentle 
heat, then loft to itself in a warm place, whore it deposits an additional quantity of 
calcic sulphate, and finally transferred to the crystallising vessels The presence 
of an excess of sulphuric iioid greatly favours the erystallisation of the tartaric acid, 
hut It acts injuriously dramg the subsequent evapoiutiou of the mother-hquors, as 
it becomes more and more concautrated, and ultimately decomposes a considerable 
quantity of the tartaric acid still remaining m solution (For details of the manu- 
facturing process, see Richardson and Watts’s GAcDKsaf Technology, vol-x pt. v. 
p.138.) 

Jicenotartarlc Acid, CBPO". Anhtartaric Add. Lmnoraomic Acid. — The for- 
mation of this acid by the decomposition of racemio acid has already been mentioned. 
When equal weights of racomie acid are saturated, the one with soda, the other with 
ammonia, and mixed, the mixture deposits, on coohng or spontaneous evaporation, 
large beautiful erystolB of a double salt, all of which are homibedral, one half of them 
having the hemihedxal forces oppositely situated to those of the other half ; and on 
ctu'eMly separating these two kinds of crystals (the solutions of which exhfoit equal 
and opposite actions on polarised light), purifying them by reerystalUsiition, precipita- 
ting the solutions by nitrate of lead, and decomposing tho lead-salts with sulphuric or 
sulphydric acid, solutions .are obtained which on ovaporation yield crystals — the one of 
clextvotarUrio acid, agreeing exactly in character with those obtained from tartar, as 
above described , the other of Imvotartaric acid, agreeing with dextrotaitario acid in all 
respects, excepting in the opposite hemiliedry of its crystals, and the opposition of its 
optical and pyro-eloetric propei'ties. Respecting the preparation of Imvotortaiio acid 
by the fermentation of racemic .icid , and by the action of heat on tho racemates of 
cinohoniome and qninicme, see p 673 

Properties — Tartaric acid crystallises in monooUnie prisms, having the axes a‘ b o 
= 0 7845'J 0 80S4. Angle i o = 79° 43', ooP ooP (orthod.) = 102° 52'; 

g ?»] • [Pco] (ehnod.) = 89° 26', -P» • o = 46° O', +Pco . o = 67° 30' 
rdinary combination ooP . ooP» —Pm . +Poo (the last often wanting) . 
[Poo ] The fades [P» ] are often developed only at one extremity of the orthodia- 
gonal, and on one or the other side of the crystals, according as the acid is dextro- o • 
fisTO-rotatory These faces are often greatly predominant. 

The crystals are colomdess and trimsparout, and do not contain any water of crysta'- 
lisation; their specific gravity is 1 75 (Richter); 1-739 (Buignet, Jahi'esb. 1861, 
p 16). They are very soluble in water and m alcohol, insoluble ui other, the aqueous 
solution becomes covered, after a while, with a fungdus growth. The quantities of the 
crystallised amd contained in aqueous solutions of different densities are as follows 
(Schiff, Jnhiesb. 1869, p. 41) : 

Weight of cryitollHed acid Specillc gravity of 

m too pt«. of tolutloii. solution at 15°. 

88 1'1654 

22 1-1062 

14-66 1-0690 

11 1 0611 

7-33 1 0337 

3 67 1 0167 

On mixing the coneentzated solutions of dextro- and Isevo-tartarie acid, crystals of ra- 
cemic acid are abundantly deposited, with evolution of heat quite perceptible to the hand 
Respecting tho molecular rotatory power and the pyro-electricity of the two opposite 
tartaric acids, see p 672. Their pyxo-elretneity is veiy strong, the heat of the hand 
developing it sufflciently to affect a sensitive electroscope. 

Tho solution of tartaric acid forms white precipitates with the aqueous solutions of 
caustic baryta, Urontia, lime, anAacetateof lead, hut it does not precipitate the chloride 
of barium, strontium, or calcinm Tartonc acid is distingmshod from racemic aoid by 
the greater solubility of its calcinm-salt (p 36). 

Taitaiie aeid added in excess to the solution ofapotossiMm-snZf forms a white crys- 
talline precipitate of acid potassic tartrate, provided the solution is not too dilute - 
the addition of alcohol renders the reaction much more delicate the formation of the 
precipitate is also accelerated by stirring, and by ruhbmg the sides of the vessel with 
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a glass rod. The precipitate is solulile in free alkalis, wliieh convert it into neutral 
tairtrate , lienee, for detecting small quantities of tartaric acid in a solution, free potash 
should not ho used, but rather chloride or nitrato of potassium, an excess of lyhich 
does not dissolve the aeid tartrate. Tartaric acid may ha detected in presence of a 
eonsiderahle quantity of citric acid by mixing the solution irith acetate of potassium, 
and an equal volume of strong alcohol On tlie other hand, a small quantity of citric 
acid may he detected in the midst of a largo quantity of tartaric aeid, by removing the 
latter ns above, evaporating the alcoholic filtrate, and treating the residue -with chloride 
of ealeuim at the boihng heat (i. 99S). (Spiller, Chem. to. Q,u. J. x. 110 , see also 
Schnitzer, Jahresb 1862, p 628.) 

Decompositiona — 1. ToiUrio acad melts between 170° and 180°, and is gradually 
converted, without loss of water, into the isomeric compound, metatartarie acid 
(p. 688) By prolonged heating, water is eliminated, and tartralic or ditartaric 
acid, GWi’O" = 2G'H“0“ — ffO, is produced , then tartrelic acid, =• 

0'H®0“ — ffO , and ultimately insoluble tartaric anhydride, isomeric with 
the last If the heat ho inereasod, decomposition takes place, resulting in the forma- 
tion of pyrotartario and pyroraconuo acids (iv 769-771), together with acetic acid, 
formic acid, aldohydo, fui'fiirol, ethylene, earhonio anhydride, &e 

2. Tartaric acid heated with fused hydrate o/potaamim is resolved into acetic and 
oxalic acids 

C‘H«0« = CWO‘ + C«H*0'. 

3. By the ondatwn of tartaric acid (e.y. by the action of chromates, pormanga- 
nates, peroxide of mtuiganese, peroxide of lead, minium, &c.), carbonic anhydride and 
formic acid are generally produced. The solution of the acid warmed with salts of 
silver, gold, andyiicfeimm, reduces the metals. By slow oxidation, especially by the 
spontaneous decomposition of nitrotartorie acid, an oxidation-product less removed 
from tartaric acid is formed — namely, tartronic acid' 

0*H'0» + 0» = G’n'O* + ffO + CO’ 

ecldi acid. 

4 By the action of hydriodio aotd ax iodide of phosphorite, tartaric acid is reduced 
to malic or to succinic acid. 

a<H«0» -h 2HI = H‘0 + r + c«»o*. 


O’ffO’ -t 4HI = 2B70 + 2I« -t 

Tartaric Succinic 

acid. acid. 

6. IVith pcntaohkride of phosphorus, tartaric acid yields ohloromalero chlo- 
ride, C'HOlO’.Cl’ (Poikin and Dnppa; see Maxbic .Acid, iii 788.) 

6. Pulverised tartane acid, digested for several hours witli chloride of acetyl, is con- 
verted into diacetotartario anhydride, C*H®0’ (Perkin, Chem. Soo. Qu. J. xx. 
150) 

0‘H‘0» + 20’II»0C1 = 2HC1 + H’O + Om’(G’H»0)’O’. 

7. Tartaric acid heated to 160° in a sealed tube, with an equivalent quantity of 

bensato ocui, yields benzotartaric acid, = 0'H“(C'E»0)0* = G<H»0« r 

O’HW - H’O. (Dessaignes, J. Pham [3]xxxii, 47) 

8. Tartaric acid is decomposed by strong amphurw acid and by mtric and. With 
very stooug nitric acid it forms nitrotartario acid. — Gh/onne and bromine act but 
shghtly upon the aqueous solution. 

0 The fermentation of crude tartrate of calcium yields hutyracetio acid. (Nollnor, 
1 688 ) 

10 Tartaric acid heated with alco/m/s, monatomic or polyatomic, foms ethers, with 
ehmination of water , m like manner with cane-sugar, glucose, dnloite, quorcito, and 
other sacehnroidal substances, (See Tabtabio Ethbbs ) 


Tartrates.— Tartaric acid, as already observed, is tetralomic, and for the most 
] 

part dibasic, 2 of the hydrogen-atoms in the molecule, (C'H’O’)*’ (• 0^ being easily 
H’ ) 

replaceable by metals, and the other two by alcoholic or acid radicles. With mona- 
tomic metals, it forms aeid, neutral, and double salts, like the following : 

H’ 1 H’ 1 H’ 1 

c<h’o4o* o'H’ono^ o‘ffo4o< 

H.K ) K’ J NbK j 

Ada potnstic Neutral potassic Soain-potaseic 
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With diatomic metalfl, it forms neutral salts, and double salts consisting of 

a double molecule of the acid, ia which 2 at. hydrogen are replaced by a diatomic 
matnl and 2 at, more by an alkah-metal , e.g. : 

0'H-o4o’ (C‘ff0'‘)40« 

Ba" ) Ba"K» 


With triatomic metals, tartaiie acid forms a peculiar class of salts— best known 
in the case of antimony — the constitution of which may be illusteated by tlie foUowiiig 
formulsB. ' 





(o4o7^te 

Sb’ ^ 

Heuti-al antimonlous 


These formula are a typical expression of the idea that one of the three atomicities 
of the antimony tabes the place of I at. of the typical hydrogen of the tartaric acid, 
hming instead of it one atomicity of the typical oxygen (KekuU). The same salts 
may, however, he formulated similarly to the ordinary tartrates, by supposing 1 at. of 
the basic hydrogen, to he replaced by the monatomic radicle untimonyl SbO ; thus : 

(0*H‘07’>0’ (0'H’0’)'4o* 

HSbOl K.SbO J (ShO)» ( 

Acid autimonioiu Potmslo-antlinonlous Keuirnl antlmonlcui 

tartrate. tartrate. tartrate. 


When these salts are heated to 160° — 200“, they give off water, and form eojn- 
poimds which may be regarded either ns tartrates in which tlio triatomic antimony 
replaces three-fourths of ttie typic hydrogen of the acid 

or as antimonylio dermtives of the first anhydride of tartaric acid . 

(0<h*07Mq, (0<h’ot{o» 

HSbOj^ KSbO r (SbO/ 

Tartaric aeid forms similar compounds with arsema and with boron. (KekuU’s 
Lehrbniih, it 201 ) 

Thefli’stof the formulm above given for the antimony-salta dried at 160“— 200° 
represents tarUno acid as tetrahasic; and this view is fimther in accordance with the 
known existence of a tetraplumbie tartrate (p. 682) , but in most of its relations, 
tartaric acid, as alieady observed, is only dibasic 
The neutral tartrates of the alJeaii^metak are very soluble in watdr, the acid 
tartrates of potassium and ammonium are spaiingly soluhlo , aU tartrates are insoluble 
in alcohol Eeuce, tartaric acid dissolved in .ilcohol does not decompose carbonates. 
The neutral tartrates of tlie eaiih-nietitls and ifieavg meiah are, for the most part, 
insoluble or sparingly soluble in water, but dissolve in aijuoous tartanc acid, also in 
hydroehlone and in nitric acid; also, with exception of the adver- and mercury- 
salts, in excess of potash or soda Ammonia likewise dissolves all tartrates, except- 
ing tartrate of mercury. 

Tai'tane acid added to the solutions of most metalhc salts prevents their pracipita- 
tioiiby alkalis. According toAuhel and Ramdohr (Ann. Oh Pham, cm 33; 
Jahrosb. x. 672), metollic oxides may be divided, according to their behaviour with 
caustic potash or soda m presencoof tartanc acid, into the lliree follounng groups •— 
0. Oxides soluble in the idkali in presence of tarturie acid, aud not piocipitatecl on 
boiling alnmiiia, bismuth-oxide, chromic oxide, cohaltons oxide, cupric oxide, feme 
oxide, glucina, load-oxide, nickel-oxide, platinic oxide, ano-oxide — (3. Oxides pre- 
cipitated on boiling ftom the alkaline solution, if moderately dilute , auric oxide 
(reduced on boiling), c.idininm-oade, manganous oxide, uranic oxide. — y. Insoluble . 
mercuric oxide, silvor-oxide (reduced on boiling), stannous oxide. (See further H. 
Grothe, J. pr. Ohem xeii. 176 , Jahresb 1864, p, 686.) 

Most of riio soluble tartrates crystallise easily, und some (oapeoially the double 
salts) form Wgo well-defined crystals The crystals are invuiiubly bemihodral, and 
their Bolntions turn the plane of a polarised ray to the right or to the left, accoKlmg 
to the position of the hi mihedral faces. The dextro- and Itevo-tiu'tr.Ues are likewise 
opposite in their pyro-eloetric propertiis In all thnir other charaeteia they resenible 
one another exactly, and the solution of .i dextroUrtrato mixed with Hut of lui equal 
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wight of the eorrespondmg Isevotaitrate forms a mixture which ydds holoheJral 
and optically inaotiTO crystals of the corresponding racemate, excepting in the case of 
the sodio-ammonio salts, which crystallise out separately, as dextro- and Icevo-tar- 
trates (p. 67 ■t). 

Tartrates calcined in contact with the air give off the odour of burnt sugar. Their 
dilute aqueous solutions become covered after a while with fungi. 

The composition of the tartrates has been established chiefly by the analyses of 
Berzelius (Pogg. Ann. xix 306, xxxn. 4; Ann. Oh. Phys [2], Ixvii. 303), Bulk 
(Schw J Ixiv 180, 193), Werthor (J. pr. Chem xxxii 383), and Dumas and Piria 
(Ann. Gh. Phys. [3] v. 363) see also Chnebn's HandhooTc, x. 273-326, The 
ciyatHlline forms of a great number of tartrates have been determmedby De la Pro- 
vostaye (^n. Oh Phys, [3], iii. 129) and Pasteur, and tbeir optical properties by 
Biot and Pasteur (see references, p 673). 

a. Tartrates emtairmig only Monatomw Metals 


Tabtuates of AiiMONirAi — ^Xhe nsatral salt, G*H*(irH*)-0‘, is obtained by 
evaporating a solution of the acid, neutralised with ammonia or carbonate of ammo- 
nium, in prismatic crystals, which are very soluble in water, and efdoresee, with loss 
of ammonia, on exposure to the au'. The cryetals are monoclunc, having the axes 
a i • 0 = 0868 , 1 1-244. Angle b c = 88° 9', [P» : Poo] (clinod ) = 
69° 60' ; + Pto c = 89° 31' Ordinary eombmation, oP . coPoo . + Pto [Poo ] ; 
also with + P and - P subordinate. Cleavage perfect parallel to oP Tho fiices 
[Peo ] are present in only half, tho number required by the law of symmetry the 
crystals are thoroforo hemihedrol. Eotatory power [a], = ^29°. Sxiocific gravity 
of the crystals = 1 666. (Scliiff, Jahreeb. 1869,p 16.) 

The aoid salt, or bUartiate of ammoma, C''fl‘(NH*)0'’, is precipitated, on adding 
tartaric acid to the solution of the neutral salt, as a crystalline powder, exhibiting 
under tho imcroscope beautiful sbimng laminm, forming oblique-angled parallelograms 
or hexagonal plates, elongated and often hemitropic. It is slightly soluble in cold, 
very soluble in boiling water. The crystals are trunotric, and isomorplious with the 
acid potassium-salt. Axes a • i o = 0-6933 - 1 - 0 7086 Anglo P P (Viraoli.) = 
127° 18’, P P (macr ) = 100° 20', P - P (hasalj = 102° 24^, «P ooP (niacr ) 
= 89° 28', P« ; foo (basal) = 70° 38', 2Poo - 2f» (basal) =. 109° 36'; 
SpQo SPqci = 129° 36'. The crystals exhibit the same faces as those of the acid 
pottiasnmi-salt (p 078), and cleave most easily parallel to oP. They are bemiliedral, 
the P-faces being always unequally developMl , four of them, two at each end, being 
very small or non-existent, whilst the other four, which are much lar^r, arc so 


situated as to form, by sufficient prolongation, the irregular tetraliedion ^ (Do lui 
Provostaye). According to Hahn (Jahresb. 1869, p 286), the crystals exhibit 
the combination ooP ocK col’2 ooPco . P . Teo ; axes a - b:c = 0 72988 1 
0-83426; angle eoP • »P (macr.) = 72° 16', P» - Poo (over c) = 100° 20' 
The speeifle gravity of the crystals is 1 680 (Sohiff ) 

Acid dextrotartrate of ammonium combines with optically active acid malate of 
ammonium, foming the salt C^H*(NH^)0».0^H*(NH*)0», uhich crystnUises in thick 
acuminated pi-iams (Pasteur). The acid Isevotartrate does not form a similar 

Takthates of C JESinat — The neutral tartrate is very deliquescent (Bunsen) — 
The acid salt, C'H®CsO“, crystaUises in rhombic prisms, isomorphotis with the rubidium- 
salt Axes a 6-0 = 0-694- 1 0-661. Angle P • P (hracli.) = 128° 60', P ; P 
(macr.) = 103°, P. P (basal) = 98° 30'. Observed combination, ooPoa . oopoa 
. coP (the latter very subordinate and imperfect), together with the sphenoids + ?_ 

P AP3 ^ 

- and The crystals are dextro- or Itevo-rotatory, accordmg as one or the 

other of the sphenoidal faces ^ is absent or subordinate (they rarely occur togetlier) 

tile faces — ™ Imvo-rotatoiy raystals. Oleavsge perfect parallel to 


ooPco and ooPco , both of which faces are striated parallel to the principal aocia. The 
striation and cleavage distinguish the erystala from those of acid potassic tartrate, 
to which they hear a general resemblance (J.P Cooke, Sill. Am. J. [2], xxxvii. 70). 
They disolve in 10 3 pts. water at 25°, and in 1-02 pt. boiling water. (Allen, tAid. 

TaeteatesofLithium — The netdral salt is white, deUquescent, and uncrystal- 
bsable, — The acid salt, 2C'HHa0“.3H’0, forms small crystals, very soluble in water. 
(Bulk.) J ’ ) 
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TARTBiTB, Mbbctiiious,— T his salt IS obUined, by precipitation, aa a white 
erystalline powder, or in Iho form of sbimng needles or scales It is insoluble m water, 
but very soluble m nitric acid. Boiling water decomposes and turns it grey. 

Tabthatbs of PoTAasiUM.— The neutral salt, prepared by satu- 

rating the acid salt with carbonate of potassium, ciystallises with difficulty in short 
monoclmio prisms, the faces of which hivo generally very little lustre. Axes a ; 4 c 
= 0 4021.1 1'1085. Angle J • o = 70° 1 2' , ooP • ooP (orthod.) = 134“ 60'; 
+Pa) 0 = 02° 6', -Poo : c =. 37° 26'. The most frequently occumug faces are 
ooP, oP, ooPo), [ooPoo], +Poo, —Pco ; more rarely e-jP occurs. Cleavage parallel 
to +Pco and -Poo. 

One part of neutral potassio tartrate dissolves in 0 75 pt water at 2°. in 0’66 pt at 
14°, in 0‘63 pt at 23°, and in 0 47 pt at 64° (Osann). It is very slightly soluble 
in boiling alcohol. Most acids added to the solution of this salt preeipit.ite the acid 
tartrate , bromine forma the same precipitate without attaching the tartaric acid. 

The acid salt, bitartrate of pitash, or cream of tartar, C“H“KO“, is contained in 

n e-juioe, and, being much less soluble in alcohoho liquids than m water, is deposited, 
iig the vinous fermentation of the juico, in crystalline crusts, called crude tartar 
or argol. The same deposit is formed m many kinds of wine when kept in casks or 
bottles, and constitutea the well-known crust of port-wine. The salt likewise exists 
in many other vegetable juices. Crude tartar, when purified by recryatalliaation, 
yields oream of tartar The pure salt is also formed whenever tartaric acid is added 
m excess to the solution of a potassium-salt. 

The crystals of acid potassio tartrate belong to thq trimetrio system, and are iso- 
morphouB with the acid ammonium-salt £ces a b o = 07116 1 07 372. 

Angle P . P (braoh.) = 126“ 46', P P(maer.l = 100° 20', P P (basal) = 
103° 28', ooP • »P (macr),= 70° 52', (basal) = 72° 48', 2l‘« • 

iin = 111° 42', 3?« SPto =■ 131° 20'. Ordinary combinatiun P . ooP, toUi 
coPoo and the above-mentioned braehydiugonal domes. One half of the crystals is 
generally sphenoidioally enlarged in comparison with the other half Cleavage most 
distmet parallel to oP Specific gravity of the crystals = 1'973 (Sehiff), 1966 
(Buignet). 

Aeid tartrate of potassium is but slightly soluble in water, requiring for solution 
about 240 pts, of water at 10°, and 16 pts of boiling water. It is insoluble in strong 
alcohol, but dissolves easily in conesntratod mineral acids and in alkalis, wbioh con- 
vert it into the neutral tartrate 

The following determinations of the solubility of acid potassio tartoato in water, at 
various temperatmus, have been made by Alluard (Oompt. rend, lix 600 ; Jahresb 
1864, p 94) and by Chancel (Compt rend, lx 408; Jahresb 1866, p 830), in 
pure water and in water containing 10 5 per cent. alcohoL AUuard’s determinations 
were made under a barometrical pressure of 718 mm . — 
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The aqueous solution reddens litmus-paper, and dissolves n consideraWe nuniher of 
metallio emdea, forming double tartrates. 

Oieam of tartar, ■when calcined, emits a pungent odour like that of burnt bread, and 
loaves a residue of potassic carbonate, mixed with charcoal, the Bed JLvnm tartan of 
the older chemists , calcined with saltpetre, it yields, according to the proporbons, 
the UacTe or le/irfa jinx used in metallurgical and assaying operations. 

Cream of tai'tar is one of the mordants most frequently employed in the dyeing of 
wool. Mixed with pounded chalk and alum, it forms an excellent powder for cleaning 
silver. 

Ammonw-^otassw tartrate, ohtamad by saturating cream of tartar 

with ammonia or its carbonate, forms monodiiuo crystals isomorphous with neutral 
potassie tartrate. They alter quickly in the air, giving off ammonia, and are very 
soluble in water, 

Lithio-potaseye tartrate, G"H''LiKO“ ffO, is very soluble in water, and, according to 
Zepharovieh (Wien. Akad Ber. xli 620), crystallises m large rhombic prisms, having 
theaxesaii-o = 0-6477 : 1 : 0-4430, angle mP , epP (bvoch) = 1-32® 34', 
P . coP = 182° 41'. They exhibit the combination coP . t»I’| . cojE’2 oojoo . P . 
oP, hemihedral from predominance or exclusive development of four of the P-faces, 
Cleavage imperfect parallel to oP. 

Tahteatus op Bubidium. — ^The neutnd edt has not been desenhed. — The 
aoid salt, C*H‘EbO®, is isomorphous with the acid oaaswm-salt, exhibiting the same 
faces with the exception of — also the seme striation and cleavage. Axes a 6; o 
= 0 726 1 • 0 696 Anglo P . P (brach.) = 126° 48' j P -. P (macr.) = 103° 40' , P : P 
(basal; = 99° 34' (J. P. Cooke). The ciystals are permanent in the air, at ordinary 
temperatures, and at 100° they dissolve m 8-45 pta. water at 26°, and in 8 6 pts. of 
boiling water The great difference of solubility between this and the eiesmm-salt 
affords a means of separating the two metals by fractional crystallisation of thoir acid 
tai'trates, (Allen.) 

Tahthatb op Siutbr, O‘HAg’0®. — This salt is obtained, as an amorphous 
curdy precipitate, on mixing a cold dilute solution of silvar-mtrato with a dilute solu- 
tion of EoohellB-Balt slightly acidulated -with nitric acid • if the solutions are mixed at 
the boiling heat, the mixture turns brown, and deposits brown lamin® of metallic sil- 
ver. if a hot moderately strong solution of Eochalle-salt ho added to a dilute solu- 
tion of silver-ntote, and the liquid heated to 80°, till the proeipiUto begins to 
be permanent (a certain quantity of the silver-nitrate remaining undeeompoaed), the 
Altered solution, on coohng, yields tartrate of silver, in white scales having a metallic 

Tartrate of silver is nearly insoluble in water. It blackens on exposure to light, and, 
when heated, gives off carbomc an^dride and pyrotartaric acid, leaving a spongy 
shining residue of metallic silver. The dry salt is quickly decomposed by chlorine, 
yielding chloride of silver and empyreumatic products When ehloriue is passed into 
water in which tartrate of silver is suspended, carbonic auliydrido is given off, and 
chloride of silver is obtained, together with unaltered tartario aeid 

A solution of tartrate of silver in ammonia deposits meUllio silver at the boiling 
heat, while the hqnid retains in solution a pecuhar ammonmral salt, which is loss so- 
luble in water than tartrate of ammonium, and ci-ystalhses on eoolmg — Caustic yiotoli 
and soda daeompoae tartrate of silver at ordinary temperiituros, oxide of silver being 
separated, and the hqnid apparently retaining potassio-argentie or sodio-argentie tar- 
trate (Liebig and Eedtenhaoher, Ann. Ch Pharm. xxxviii. 132 — ^Erdmann, 
J pr. Chom xxv. 604 ) 

Tahtbatbs op Sodium. — The mmiral saW, C'ffNa'‘0” 211-0, crystallises in tri- 
metrio piisms having the axes a h c=0 7696 .1-0 3366 Angle oaP wP (bi-ach.) 
= 104° 60'; coP „foo = 108° 31' ; Poo • P» (basal) = 132° 41'. <»P-_ooPa._ = 
142° 25' , ooP - ooPoo t= 127° 36' Ordinary combmatiou ooP . coPco ooPoo Pco 
(Do la Provostayo). The crystals liave a. specific gravity of 1-794 ^Buigiiel), 
They are limpid, permanent in the air, soluble in 5 pts of cold water, very soluble m 
hot water, insoluble in absolute alcohol. When heated, they molt in their water of 
crystalhsation 'By rapid crystallisation the salt is obtained in tufts of needles. 

The cund salt, C*H‘'HaO'> H’O, is foimed on mixing a hot solution of tho neutral salt 
with -i pt. tartario acid, and separates in crystals on cooling It dissolves in 9 pts. of 
cold and 1-8 pt boiling water, bnt is insoluble in alcohol It is difficult to obtain tliis 
salt in large crystals, but. by leaving a drop of the hot solution to evaporate under the 
microscope, small beautitully defined crystals soon make their appearance, having tho 
form of right rhombic prisms ojP, bovoUod ivt oadi end by tho homihedral faces 
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Ammonio-sodio tartrate, C‘H''Na(NH'')0® iH"0, is obtained by sstui-nting iicid tiir- 
trate of ammouwm -mth earbonats of sodium, and conEontratmg tbe solution , also by 
mmug the tvarm solutions of equivalent quantities of the sodium- and ammonium-salts 
of meemio acid, and cooling the solution, or leaving it to evaporate, dextro- and Itevo- 
tartrato of sodium and ammonium being then deposited in equal quantities The 
crystals, which are often of considerable size, are tnmetric, and isoniorplioiis with 
those of tbe potassio'sodic salt Axes a ft ; c = 0‘8233 . 1 0 4200 Anglo ooP coP 
(maor) = 78° ; ool’2 „ a.1‘2 f maer ) 44° 44' , Pm : Poo (basal) =. 64° 4' , Poo: 

P« (basal) = 45° 34' ; 2Poo • 2Poo (basal) = 80° 4'. Ordinary combination ®P . 
oip2 (often predominant) . ooPoo. oopoo . Poo . 2f oo . Poo . oP . 1-?’ tbe henuhedral 
faces being situated on one side or tbe other of the crystals, according as tbe salt is 
dextro- or laevn-rotatory Rotatory power fal. =■ ^26° Specific raavity of tbe 
crystals = I 587. (Schlff ) 

Uthw-sodio tartrate, 0“H*LiNa0“.2H’0, resembles the lithio-potassic salt. 

Potassw-sodio tartrate, BocMU or Seigmite salt, C'H'KN’aO" 4H'0.~This splendid 
salt IS prepared by adding, in small portions and successively, 4 pts cream of tartar, 
and about 3 pts, of crystfllised sodio eaibonate, to 1 2 pts. of boiling water. When tbe 
whole bas been added, tbe liquid must be tested, to ensure that it is slightly alkaline, 
and then concentrated by evaporation. On cooling, it deposits fine Urge crystals of 
the double salt, and the mother-liquors yield an additional quantity ; after a cei tarn 
time, however, they deposit nothing but needles of sodic tartrate , but by roJissolving 
these, and adding cream of tartar, an additional quuutity of Eooliolle-salt may be 
obtained. The crystals, which are often very largo, ero rhombic prisms, isomorphous 
with the preceding salt Axes a . ft . c = 0 8317 - 1 : 0'42fl6, Angle «P . ooP 
fmaerj = 78° 30', coP^ (macr.) = 45° 10', ?«. : P«>(basan = 64° 38', 

Pcro P» (basal) = 46° 80', 2Pa> • 2roo (basal) 81° 20' The crystals exhibit, for 
tile most part, tbe same faces as the ammomo-sodic salt , P« , however, is usually but 
slightly developod Specific gravity ■= 1 767. (Schiff), 1 780 (Buignet). 

The crystals molt in their water of crystallisation between 70° and 80°, formiug a 
transparent liquid, which begins to boil at 120°, the ebullition continuing till the tern- 
peratiiTB rises to 216°, by which time nil tlio water (amoimtmg to 26T per cent.) is driven 
off 'The residue is a viscid mass, which remains transparent when cold, and absorbs raoia- 
turo from tbe air (Presemus, Ann Ob Pbarm liii 234) —The di 7 salt dissolves in 
2'82 pts water at 6° (Prasenius). Tbe crystals dissolve in 3 3 pts, water at 8°, in 
2'4 pts. at 11°, and in 1'6 pt. at 28° (Osann) , in 2 pts at 5 0°, in 1'2 pts. at 12 6°, in 
0-42 pt. at 25°, and m 0-3 pt. at 37 6° (Brandos) The solution saturated at 8° h.is 
a density of 1-254. 

Subidio-aodio tartrate, O'PPRbPfaO' 4H'‘0 — The solution of this salt,- when loft to 
evaporate spontaneously, solidifies to a transparent jelly , but, by slow cooling of a hot 
solution, crystals are obtained isoniorphous with EncheUe-salt, and exhibiting the same 
faces, with addition of 2p2 and 2J’oo (Piccard, Juhresh 1864, p 126.) 

TiiiTaATas os Thallium. — ^T hejicMtral salt, C‘'H''TPO“, is slightly soluble ni 
water aud in alcohol. The ciyslals, which usually occur as twins, appear to be trimetric, 
but different in form from tbe neutral ammonium- and potassium-salts De la Pro- 
vostays gives, as approximate measurements of the angles, ooP wPlmacr) =.60°, 
coP: «P, - 120°, . Copm f-co = 131°, »P : J>oo = 110°. The crystals are 
anhydrous alterable m the air, lieeomo carbonised at 170°, and at higher temperatures 
leave yellow oxide of thallium, -with a amall quantity of reduced metal 

The and salt, C*H‘T10‘, is precipitated, on adding tartaric acid to a solution of the 
neutral salt, m small flat prisms, which are difficult to measure Be la Prnvostaye 
giros, as approximate angiiliir values, mt’®- ooP « 123°, too . =■ 1 08° to 110°; 

«Poo Poo - 125° to 126° , these angles are nearly the same as m the acid tartrates 
of amiuoaiuui and potassnim This salt is less soluble than the neutral tartrate of 
tbiUiuTu. (Kublmaun, Jahi-esb. 1862, p 188.) 

B. Tartrates contatamg Biatomio Metals. 

Tautbatb of Babium, 0*H*Ba"0'', is precipitated, on mixing tartrate of potas- 
aium with chloride of barium, or tartaric acid with baiyta-water, m white flocks, which 
become ci-jstalline when left at lest; it is insoluble in excess of birtane acid. 

Totassio-hano tartiate, C“H:T5a"K''0'».2H“0, or C-'H^Ra'Q" 0'H'K“0'= 2a;=0, is 
obtained, as a apai-ingly soluble pulverulent precipitate, on evaporating a solution of 
cream of tartar with baryta-w.itor — Sodta-hano tartrate, C'‘H''Ea’'lTa''0*'‘ 2H*0, is pre- 
cipitated on mixing a solution of Roehello-salt with eliloride of baniim ; if, however, 
the soliitions are dilute, it separates, after some time only, in the form of needles ,- it 
is slightly soluble in water, more eoliiblo in solution of Eocholle-salt, 
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TAnTBi.!'!! OE CADunJH forms woolly needles, nearly inBOluble in water 

Tahtbates OB’ Calcittm. — T he Meairal soli, C'H^Ga"0“ 4E’0, exists in several 
plants, espedaUy in grapes, and is sometimes found in small cryst^s in the tartar 
deposited from the juice It is precipitated, ns a white crystalline powder, on mixing 
tartrate of potassium with a snliition of calcic chloride , if the liquors are dilute, the 
precipitate does not appear for some minutes Tartaric acid forms, with lime-water, 
copious wiuti flocks, wluch gradniillyr become ciystiilline , the precipitate redissolves in 
excess of tartaric acid , and the solution, when left at rest, deposits crystals of neutral 
calcic tarti'ate The hard shining crystals of this salt are right rhomboidol prisms, 
oaP, having the basal summits modified by the octahedral face P. Angle tnP . 
ooP =. 97° 30',P-P = 122° 16'. (Pasteur) 

Tartrate of calcium is very slightly soluble in cold, rather more soluble in boiling 
water According to P Mohr (Jahresb 1866, p 393), it requires for solution 6,265 
pts. of water at 16°, and 352 pts of boiling water Mineml acids, acetic acid, and 
cream of tartar dissolve it easily The solutions, unless very concentrated, are not 
immediately precipitated by ammonia, but the mixture, after some time, deposits 
crystals of neutral ealoio tartrate The flocoulent precipitate formed in a solution of 
calcic chloride by neutral potassic tartrate, dissolves in sal-ammoniac, and tho bquid 
gradually deposits crystals of calcic tartrate 

Crude tartar containing tartrate of calcium, when kept in a moist warm place, often 
passes into a state of fermentation, induced by vegetable organisms present in it, the 
tartario acid being eohverted into butymeotic acid. This change is especially liable to 
take place during the preparation of tartaric acid in warm weather, after the crude 
tartar has been mixed writli lime 

Aoxd tartraie of Oaloitim, C“H’'’Cn"0’®, or C*H^Cn“0* 0'1I"0“, appears to exist in the 
jiuee of Bhis D/phimm, and is produced (according to Bulk) on adding tartaric acid 
to lime-water till the precipitate redissolves; the solution, if left to itself, deposits 
crystals of neutral calcic tartrate, but if evaporated immediately, it yields rhomboidal 
octahedrons of the acid tartrate, having the angles of the terminal edges = 82° 60' and 
163° The crystals are transparent, redden litmus, are slightly soluble in cold water, 
more soluble in boiling water 

Potassio-oidaiD tartrate appears to bo obtained, in the ciystalline state, by spon- 
taneous evaporation of a mixture of cream of tirtur and lime-water. Neutral tartrate 
of calcium dissolves at a gentle heat in ranstie potash, and the saturated solution deposits 
port of the neutral salt on addition of water. When boiled, it is converted .nto a 
thick pasty mass, but becomes elear ngain on cooling Tartrato of calcium diasolvas 
when boiled with solution of neutral potassic tartrate, and tho liquid, evaporated to a 
syrupy oonsisteuce, solidifies on cooling to a mass of needles 

Sodio-calm tartrate is precipitated in flocks, on mixing a solution of Rochelle-salt 
with clilorids of calcium ; if the solutions are dilute, it is gradually deposited m small 
iieedlea It is slightly soluble in water, more soluble in excess of Rochelle-salt, still 
more in chloride of eiciiim. 

Caustic soda reacts with tartrate of calcium like caustic potash. 

Tabteate of OoDAtT IS a red crystaUisahle salt — Potaeaio-cobaltoiia tartrate 
forms large ihomboidal prisma 

Tahtbates oe Coppbb — Oupno tmtraie, C'‘II'Cu"0".3H®0, is a light-green 
crystalline powder, precipitated on mixing tho neutral potassium-salt with cupric sul- 
phate or nitrate It dissolves in 1,716 pts. of cold water, and in 310 pts. of boiling 
water , also in nitric acid, but is insoluble in tartaric acid 

Poiaem-mpno tartraie is obtained in blue crystals by boiling cupric oxide or 
carbonate with cream of tartar Cupric tartrate dissolves m caustic potash, form- 
ing a blue liquid. Cupric salts mixed with tartario acid me not precipitated by 
alkalis 

A solution of cupric sulphate mixed with potash, and a sufficient quantity of tartaric 
acid to prevent precipitation, is reduced by boiling with many organic substances, 
espocially glucose, and is used for the estimation of tho latter (ii 860). 

When a solution of potassin-cupne tartrate is exposed to the action of chlorine, or 
mixed with an alkaline hypochlorite, not in excess a yellow precipitate is formed, con- 
sisting of a compound of 2 at. enprons formate (CHCu'O*) with I at. sodie carbonate 
(CNa'O®) , afterward-s cuprous oxide is separated (E, Millon, Compt. rend. Iv. 613 , 
Jahresb, 1862, p 216 ) 

A basic sodio-mxpne tartrate, C‘II“Na’Cu"0“.2Cu0.7H’0 (?), is obtained by dissolving 
cupric tarti’ate in a boiling solution of sodio carbonate , the blue liquid, when ooneen- 
tr.ited, deposits tho double salt in mammellated groups of small tabular crystals, very 
•soluble in water If the boiling be too much prolonged, a precipitate of cuprous oxide 
is formed 
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Ammoniaoal Cupric Tartratea — ^Tho ietrammmalM salt, 4:l!rH“.C*H^0u"O®, OTtartratff 
cf amnwcupramMonmm, O'H*[N'‘H''(NH'‘)*Cu"J'0‘, remains, on evaporating a solution 
of ouprjo tartrate in ammonia, as an nncrystallisaHe, hard, vitreous mass, permauent 
in the air Its aqueous solution is also veiy permanent, does not act upon coUuloso, 
and is not reduced by heating mth glucose. At 160° it gives oif all fta ammonia ; 
between 100° and 110° only half, leaving tartrate of cupraynmontum, 2NH*.C'H^Cu"0“ 
- C^ff(N=H«Cii")"0«. 

Cupric tartrate dissolves easily also 'in aqueous dlajlmwm, forming a dark-blue 
liquid, whieb, on evaporation, leaves a blue, vitreoas, deliquescent salt, approximating 
in composition to the formula (Schiff, Jahresb. 1862, 

p 204.) 

Tahtratii, FEanous. — White or pale-green crystalline powder, precipitated on 
mixing a solution of ferrous sulphate with tartaric acid or neutral potnssio tartrate, or 
on dissolving metalhc iron in tartane acid. It dissolves easily m caustic alkabd, 
forming a solution which oxidises quickly on exposure to the air 

Tabteatss oar Lead — The niimpliimihw or dxba&vs aalt, C*H‘Pb"0», is a white 
crystalline precipitate, obtained by mixing nitrate or acetate of lead with tartaric 
awd It IS very soluble in nitric acid and in excess of tartaric acid , also in tartrate 
of ammonium, the concentrated solution solidifying to a gelatinous mass. When 
treated with chloride of acetyl, it yields chloride of lead and a thick yellowish syrup, 
which decomposes at 130°, with evolution of carbonic oxide and carbomo anhydi'ide. 
(Sohutzonberger, Jahresb. 1861, p. 439.) 

A diphmbv) or tetrabaaio aalf, O'ffipVO'’, is obtained by boiling an ammoniacal 
solution of the monoplumbic srit. (Erdmann, Ann. Oh. Pharm. xxi 19, — Heintz, ■ 
Zeitsohr Oh Pharm 1861, p, 17.) 

Tarteates op MjLdVBBivis.—The mitral salt, 0''E''Mg"0" 4H“0, is obtained 
in crystaUins crusts, by evaporating a solution of magnesium-carbonate in tartaric acid. 
It dissolves in 122 pts of water at 16°. — The aetd salt, 0*H'‘'Mg"0‘“ (crystallised), is 
formed m the preparation of tlie neutral salt when an excess of tartaric acid is used. 
It forma oryst^ina crusts, soluble in 62 pts. water at 16° 

Potaesio-maffneato tartrate, G*H'‘Mg"K''0'’ 4H*0, is obtained, in crystals, by boiling 
cream of tartar with water and carbonate of magnesinn ‘ ■ 

of corresponding composition is obtained in a similar 
iolt, C*'H®Mg"Na*0* 6H’0, is deposited, on evaporating ' 
carbonate of magnesium, in monocUmc prisms haviiig the angles ooP ■ cop = 129°; 
oP : coPoo •= 108°. Ammonia throws down from the solution of either of these salts 
a basic tartrate of magnesium, C'*H’Mg’'0“ Mg"0.2H’O, the formatiou of which 
interferes considerably with the use of tartaric acid m Otto’s method of separating 
phosphoric acid from certain bases hence citric acid is preferable for tins pui'pose. 
(See Phosphobio Aom, iv. 647.) 

T AETEATB OP Mahoakese — A Solution of neutral potaasic tartrate, mixed with 
manganous chloride, first deposits add tavtr.ite of potassium, and then colourless 
crystals of mangonous tartrate, which are decomposed by boiling water into a soluble 
acid salt and an insoluble b.isic salt. By dissolving manganous caibonate in cream of 
tartar, a very soluble salt is obtained, difficult to crystallise. 

Taeteate, Mbboubic.— •'W hite precipitate, insoluble lu water, very soluble m 
weak uitnc acid. 

Amramio-mercurw taitrate, obtained by boiling acid tartrate of ammonium witb 
. mercurio oxide, forms smaE prisms soluble in water.— Tartrafe of mercwi ammonium 
is obtained, by digesting metcurie tartrate with ammonia, as a white powder 
insoluble in water It appears also to be formed when mercurio oxide is heated 
with neutral tartrate of ammonium’ the oxide then dissolves, with evolution of 
nmmoma ; and if an excess of it be used, a white compound separates , the filtered 
liquid, when concentrated, deposits needles, and, on addition of water, a white precipi- 
tate, oontaining C«H'"(H=H»flg»)''0>»,6H?0 (Harff, Bmndes’ Arch, v 269 -Buvek- 
hardt, tbid. [2] xi 267.) 

Potaasw-mercHrw tartrate is obtained, in smaE slightly soluble prisms, by digesting 
mercurio oxide with cream of tartar. — When cream of tartar is boiled with chloride 
of mercurammonium (white precipitate), a large quantity of carbonic anhydride is 
evolved; the filtered liquid deposits, on evaporation, sparingly soluble salts containing 
mercury , and the mother-liquors yield needles, apparently consisting of the compound 
4C®K0».Hg''CP.6H«0. 

Taeteatb op Niokei.. — P recipitated as a green eryatalliue powder, nearly 
insoluble in water, on satuxatiug a boilmg solution of tartaric acid with hydrate or 
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carbonate of mokol. It dissolvea nasily m a hot solution of oaustie potash or soda, or 
in bodic carbonate, the solution solidifying to a pasty mass on cooling. Nickel-salts 
mixed with tartaric acid are not precipitated hy attalis 

Tartrats of Jihchel and Potasaiim, G*B?Ni"K''0'“ (at 110°), is produced by heating 
carbonate of nickel with finely-pulvensed cream of tartar and water The resulting 
green solution is decomposed by boiling, hut, when evaporated over oil of vitriol, it 
yields an apple-green crystalline powder, which efboresees in the air, and dissolves com- 
pletely in water, 

Tabtbatb op PaIiLADium.— L ight-yellow precipitate, formed on mixing nitrate 
of palladium with an alkahne tartrate 

Tabthatbs OP STEosTitiM — The neutral sdU, 0'H''Sr"0’.4ff0, is deposited, 
on mixing a cold solution of potassio tartrate with nitrate of strontium, in monoelmic 
priains, having the angle oP : coP = 92° 35'; ooP ooP = 126°20'(D6 In Pro- 
vostaye) It dissolves in 147 pts of water at 16°, and is moderately soluble in solu- 
tion of sal-ammoniac. — According to Marignac (Ann. Min. [5], xv. 280, Jahrosh. 
1859, p. 288), a solution of stroiitmni-oarbonate ih excess of hot aqueous toitane acid, 
deposits the neutral Salt on coolmg in tahydrated crystals, 3H’0, having 

the form of monoolinio prisms, ooPoo . [ooPoo] oP . +Poo , —Poo, in which 
ooP ocom-B with only two faces, situated to the right when the crystal is placed with 
the clinodiagonul directed towaids the observer, and the obtuse angle of the inclined 
axis to the front and above , also a face of + P and a face of — P to the left Angle 
oaPco odP = 140°!', oP ooPoo = 102°; ooPoo : +Poo = 123° 43'; ooPoo 
• -Poo = 187° 32', oP : +P =. 128° 4', oP -P = 138° 20'. The crystals 
do not give off any water at 100°. 

TaHraie of Stroniixm and Ammonium, 0'II“Sr"(NH'‘)“O''.12E''O, separates from the 
mother-bquor of the neutral strontinm-Balt, on neutvalmtion with ammonia, in thin 
rectangular laminai, which are trimetrie combinations, cof oo . coP . <»t2 . f oo , -^ith 
four P-faoes oeourang hemihedially Anglo ooPco : coP = 124° 68', ooPoo . Poo 
=. 124° 20', o=P P = 140°. (Marignac, loc m<.). 

' Tartrate of Strontium and PotOBatm, C“H*Sr"K-’0'' 23*0, is obtained like tlie cor- 
responding barium-salt (p. 680). — The aodiam-salt, C“H»Sr"Na'0'* (after drying), is 
obtained, as a gummy very soluble muss, by saturating strontm-water with acid tar- 
trate of sodium, and e-vaporating. 

Tahthath or Tin. Stannous Tartbate, 0'E'‘Sn"0‘ —Prepared by pouring a 
boiling solution of tartaric acid into a concentrated solution of stannous acetate It 
forms white mioi'oscopio crystals, consisting of pnsms with rectangular base, soluble in 
cold water, more soluble and without decomposition iii boiling water, still more in 
water acidulated with tartaric acid, the solution not being precipitated by ammonia. 
When strongly heated, it leaves a residue of stannic oxide. 

By treating the acid tartrates of ammonium and potassium with stannous oxido, 
salts are formed which crystallise woU, and appear to he perfectly stahla in presence of 

Tartrate, tTRANons — Tartaric acid throws down from uranoua chloride a 
greyisli-greeu precipitate, consisting of a basic salt, 20''ffTI"0“.tJ"H''0-, which is very 
soluble in hydioohlone acid, and is not preeipitatod by ammonia. 

Tartrates or yTTEiuM. — The neutral sedt, O’H’y'O'' 4H*0, is foimod, on 
adding neutral tartrate of potassium to acotato of yttrium, os a bulky precipitato solu- 
ble 111 excess of the potassinm-salt Its solution in an equivalent quantity of tartaric 
acid deposits after a while a crystalline precipitate, insoluble in water, consisting of 
the amd salt, C“H“'X'"0'- (Popp, Jahrosh. 1864, p. 206.) 

Tarteatb op Zino — Hot concentrated solutions of Eino-snlphato and neutral 
potassio tartrate, yield a yeEowish-white crystalline precipitate, very slightly soluble 
in water, easily soluble in caustic potash or soda Cream of tartar digested with 
excess of sine or its oxide, forms a solution which deposits a wlnte powder, anddnesup 
to a gummy mass. 

7. Tartrates containing Tnatomw Meteds and Metalloids. 

Tartrate op Aluminium. — This salt oeonrs m Lycopodium ctauatum. Its 
solution, when eTaporated, leaves a gummy nou-deliquescent mass 

The solution of neutral potassic tartrate dissolves a large quantity of alumina 
without becoming alkahne , the liquid, on addition of alcohol, deposits oily drops, the 
aqueous solution of which dnes up hy evaporation to a gummy mass, containing both 
potash and alumina Acid tartrate of potassium likewise dissolves Mumma, forming 
an amorphous mass, which is not precipitated hy alkalis 

Tartrates op Antimony. (EespccLing the several views of the constitution 
of these salts, see p. 676) — Aeulral antmamaus tartrate, C''H’(SbO)’0".H^O, is the 
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wliita granular precipitate formed on adding alcohol to a solution of antimouious 
OKide in aqueous tartaric twad It is insoluble in -water, gires off its water of crystal- 
lisation at 100°, and an additional atom of -water at 190°, Icaring tbc salt 
6'H-'(8b0)"0“, analogous in composition to the first iinbydrida of tartaric acid — Aeid 
antimoHuma tartrate, C^H’lSbO)0'’, or C''H‘(Si>0)’0‘' C*H“0“(?), appears to he formed- 
on adding alcohol to the concentrated solution ot the byperacid. salt. At 160° it gives 
off 1 at -water, leaving tho salt C<H’(SbO)0‘ — The hyperacid ealt, C‘H^(abO)=0“. 
30’H*0“ 6S-‘0, IS deposited, after some time, from a syrupy solution of nntimomous 
oxido in excess of tartaric acid, in large crystals derived from a right rectangular 
prism. It 18 very soluble in water, deliquesces in moist air, and gives off 23'1 per cent, 
-water at 160° (PAhgot, Ann Oh Phys. [3] xx. 289.) 

Atninomo-auiimomous tartrate, C'‘H-*(NH‘)('SbO)0‘‘;^lI*0, is produced hy 
boiling antimonioub oxide with eolution of acid tartrate of ammonium. Tho filtered 
solutioD, evaporated to a stiff jelly, gradually yields rather large octahedral crystals 
belonging to the trimetrio system, in which flic axes a b r = 0 8923 ; 1 , 1 0801, 
Angle P : P (brack) = 110° fiS', P P (macr.) = 101° 8' , P P (basal) = 
116° 42’. Ordinary combination, P . oP 2P ooP, the P-faces bemg predomi- 
nant, and four of them, so situated as to form by extension a rhombic sphenoid, being 
more developed tlinn the other four Oleavuge parallel to oP Tlic crystals are 
isomorphons -with those of ordinary tiirtnr-emetle, and more soluble than the latter. 
They effloresce on exposure to the air, and give off ammonia when heated a httle 
above 100°. 

When the octahedral crystals just described have been removed from the mother* 
liquor, this hqiud yields, in a short time, fine prismatic crystals, mnoh more effloresoont 
than the octiihodial ciystals, and containing | at. water (16 3 per cent ), -which they 
give off at 100°. These crystals are rhombic prisms, having the angle oaP ; eoP = 
127°, and hemihedral from having two only of the edges of each base replaced by tho 
octahedral faces ?. forming an angle of 85° 30', and situated alternately on the two 
bases (Pasteur.) 

Poiassio-antimomous fartvnie, C*I[*K(Sb0)O''.^H''O Tariar-emeitc. Tar- 
tarns einettoKs, Tartai us siifnatus. BTechuieimtem Spmagknrmiiistein — This 
salt was knoim to the older chemists. It is generally said to have been discovered 
by Mynsicht (about 1631), but it bad been previously mentioned by Basil Valentine, 
about the end of the fifteenth century. It la prepared by boiling 3 pts, anbmonious 
oxide for about half an hour -until 4 pts cream of tartar, renewing tho water as it 
evaporates, and filtering the solution while still hot. Instead of antimouious oxide 
the oxyehlonde (algaroth-powder) or oxysnlpbule (glass of antimony) may be used 

Pntassio-antimomons tartrate forma octahedral crystals laomorplions with tbs ooits- 
spouding ammonmm-salt, and exliibiting the same faces and direction of cleavage. 
Axes a : J 0 = 0'9656 1 P064. Angle P . P (hrach.) = 108° 16’ ; P P (macr ) 
=» 104° 22'; P P (basal) = 116°. Optical rotatory power [o]) = -+156° 2'. 
Specific gravity of the crystals ■= 2'607 (Sehiff), 2688 (Buignet). 

Taftar-emetio gives off part of its -water of eryataUisation on exposure to the nir, the 
crystals than becoming opaque, and the whole at 100°. When heated to 200°, it gives 
off another atom of water, and leaves the salt C-'E*K(SbO)0“, analogous in constitu- 
tion to tho first anhydride of tartaric acid. 

Tartar-emetic dissolves in 14 6 pts of cold and 1 9 pt, of boiling water The 
Solution yields a crystalline precipitate -with alcohol, reddens htmus, audbas a nauseous 
metftUic taste. It is used in medicine, from 6 to 10 centigrammes are sufficient to- 
creite vomiting ; in large doses it is poisonous. It is also used externally as an in- 
gredient of pommodes and plasters for the treatment of skin-diseases, chronic catarrh, 
&e. 

Sulphuric, hpdrDcftlorio, and mtric aaida form, with solution of tartai’-einetic, white 
proeipitatas consisting of basic antimony-salts, soluble in excess of tliose acids, and in 
tartaric acid —Ammonia forms, in the concentrated aqueous solution, a white precipi- 
tate of antimoniouB oxide insoluble in excess of ammonia. — Potash forms a similar 
precipitate, aoluhlo in excess. — Meraune oUonde forms a precipitate of calomel — 
Smlphyino acid throws down orauge-red antimonious sulphide, infusion of galls 
throws down white flocks, and produces a cloud even in dilute solutions. 

Tartar-emetic is reduced at a white heat, yielding an alloy of antimony and potaa- 
enim, mixed -with charcoal, which decomposes water with evolution of hydrogen, and, 
-when brought in contact with a few drops of water, sometimes produces violaut ex- 
plosions 

An acid potassio-antimonvaus tartrate, C'H<K(3bO)0» 0'H'0“.|II-’0, is usually 
contained in the mother-liqiiorb of ordinary tartar-emetic, and is likewise produced 
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by mmiig 9 pta of tbs latter -with 4 pts of tartaric acid, and cTaporating at a gentle 
heat The solution first deposits crystiUs of common tartar-emetic, then (when it has 
attained a syrupy consistence) confiised crystals of the acid salt, having the form of 
oblique rhomboidal prisms, which efiloresce on exposure to Ihe air, and give off 9 22 
per cent, water at 100°. Alcohol, added to the solution of this salt, throws down 
tartar-emetic, leaving tartaric acid in solution (Knapp, Ann, Ch. Pharm. xxxii. 
76) 

A compound of twrtaT-melw anA armm nf tartar, C‘H-'K(ShO)0« 30‘H'‘K0«, is 
obtained hy boiling equal weights of the two salts with water. On adding carbonate 
of potassium, to the solution as long as effervescence tahes place, and evaporating, 
mammollated groups of needles are obtained, resembhng wavelhte m appearance, and 
probably consisting -of a compound of tartar-emetic with neutral tartrate of potassium. 
They are very soluble in water, and tartaric acid added to the solution throws down 
scales of the preceding salt (Knapp ) 

Fotaasio-aniimome taitraie, prohahly G“H'‘K(SbO*)0“. rH*0, is prepared, 
like tartar-emetic, with antimonic oxide and cream of tartar. The aohitioa, whiclt 
is not precipitated by hydroohloric acid, dries up on evaporation to a gummy mass. 
(Groiger and Eeimann, Miig. Pharm. xvii. 18. — Mitacherlich, Pogg. Ann. hcxiii. 
896.) 

SuhtAio-antimomous tartrate, C<H'*Rh(Sh0)0“.iE*O —Prepared like tartar- 
emetie. The solution, filtered at the boihng heat, first deposits crystalline crusts con- 
taining hut htlle antimony (probably impure acid tartrate of rubidium), and, when 
furflier concentrated and left to itself, oiystals of the double salt, isomorphous with 
tortar-smetio (Grrandeau, Ann. Oh. Phys [3] Ixvii 166.) 

Sodio-aiitimemous tartrate, C*H*Ha(Sb0)0“,iH'0, is prepared in the same 
manner as the potassium-salt The crystals, which absorb moisture from the air, arc 
tometoo, having the axes 0 h o = 09217 1 • 1'08 Anglo coP _ooP = 86° 20'; 
ooP . coPoo = 187° 20'. Ordinary combination ooP . co Pco . oaPoo . oP . Poo , 
iPoo. 

Double Salts, analogous to Tartar-emetic, obtainedby Precipitation. 
— The solution of tartar-emetic foims, with salts of barium, calcium, strontium, cad- 
mium, leail, and silver, precipitates consisting of tartar-emetic in which the potassium 
IS replaced by the other metal. — The aigcntw salt has the composit ion 0‘H'Ag(Sb0)0“. 
— The other salts are represented by the general fonuula C“H“M'(SbO)’0'* —The 
hanum-ealt is precipitated in white scales, containing 2 at. water, which tliey give oil' 
at 160° — The cadmiWB-satt, C‘H“Od"(SbO)-’0'* (at 100°), gives off 2 at water at 
200°, leaving the salt C‘H'Cd"(abO)*0"' (Schiff, Jahresb. 1857, p 221).— A com- 
pound of catoio-arUimmvrus tartrate with cdtaio mtrate, 40“H“Ca"(SbO)''O'’,Ca''N^O“. 
8H-'0, crystallises from a solution of tartar-emetic mixed with excess of calcic mtrate, 
in trimetno combinations oP . « ooP . foo . co fco . ^ (spheno'idally he- 

mihedral), which, wiion oP and coPco aro predominant, and coP and Pco equally 
developsd, present the appearance of quadratic forms with the faces ooP and P predo- 
minating. Anglo oeP . ocP (brach) = 124° 8'; Px • Pco (basal) = 124° 40'. 
•oP Pco = 184° 39' The compound, when rociystallised, is partially decomposed, 
with separation of pulverulent calcio-antimonioiis tartrate (Marignac, Ann Min [o| 
XV 280, dahresb 1859, p 287) — 0'’H*Sr"(Sb0)_'*0'°, first 
prepared by Kessler, is obtained by dissolving pulverised Urtai-ometic in a cold 
solution of excess of sfcrontmm-nitrato , and separates, on warming the liquid, m hexa- 
gonal combinations of ooP with P, 2P or oP. Anglo P P (terminal) = 1,88° 20', 
2P • 2P (terminal) = 126° 48', ooP P ~ 136° 12', coP . 2P = 158° 38' 
(Marignac, foe eit). By digesting 1 pt, of strontiiim-nitr.ite with 2 pta water and 
an excess of strontio-antimonious tartrate at 30° — 36°, and leaving the filtrate to 
evaporate, large very soluble crystals are obtained, consisting of the compound 
C''H*Sr"(3bO)''0’“ Sr"N‘0'‘,H*0, the sobilion of which deposits strontio-autimoiiious 
tartrate on boibng. (Kessler, Pogg Ann Ixxv 410.) 

DoubleSalts of An timonions Tartrate containing Organic Bases — 
Those salts are prepared by boiling the aeid tartrates of the several bases with aiiti- 
mouious oxide, or the bases themselves with tartnr-oinctic — The berhenne-salt, 
C'H'‘(G™H‘“NO*)(SbO)0'’, orystalbsos like wavellito, is very slightly soluble in cold 
water, and may bo reerystallisod without decomposition from alcohol (Stenhouse, 
Jahresb 1863, p 462) — The G'‘H*^'"'IP'J!PO)(SbO)0“, forms short very 

brittle crystals (Stenhouse, ibid p 447). — The cinelwnidifie-halt crystallises in 
prisms easily soluble in water and in alcohol (Hesse, iind 1865, p 446) — The mor- 
-phinc-salt forms noilular groups of crystals, sparingly soluble in cold water, and 
decomposed by prolonged boiling with water (Deeharme, ihd. 1863, p. 446). — The 
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Btrychmiie-aaU foms brittlo needles oi lamina, very 8l%htly soluble in water. (Sten- 

TinTBAtna of AnSEiric — Arsemoua and acsenie oxide dissolve in acid tar- 
trates of alkali-metal, forming double salts analogous to tartar-ometie (Mit- 
B>ohorlieb, Pelouzo, Ann Ch Pbys [3fm. 63.— Mangnac, foe oit) 

Amnwmo-nrsenmus taitfate, 0''H-‘(NH'‘)(Afa0)0“ ^H-0, is prepared by boibng 
arseniouB oxide for a long time witb acid tartrate of animouiiim, the filtered liquid 
first depositing crusts of the latter salt with a little arocuious oxide, and afterwards, 
when strongly eoucentrated, large efttoreseeiit crystals of the double salt, winch are 
trimetric combnialions having the axes a 6 c = 0 8780 . 1 • 0 C941, Anglo P ; P 
(braeh.) = 122'’ 64', P P tmaer.l =* 1130o2', P . P (basal) = OB'’ ; ooP . ooP 
(maor) = 82“ 26', 2Poo ; 2f<» (basal) = 108“ 28'. Observed combination coP . 
oaf 00 ,P 2?oo . oP (Marignac). — ^The corresponding yiotassjaw- and soiiam-salis 
are obtained in like manner, but do not crystallise so woU. Maiiguac obtained the 
potasenim-balt in rhombic prisms of 02“ 60' with dihedral summits of 85“ lU', resting 
on the acute prismatic edges. 

Poiassio-arsenio tartrate, 0’H*K(AsO’)0“ jH®0, is obtained by adding 1 pt. of 
cream of tartar to a solution of rather mure than 1 pt nreenic oxide (Aa“0“) in 5 or 6 
pts of water, and raising the liqiud to tho boiling heat — or, better, mixing it with 
alcohol, the double salt then separating as a crystaUiue powder It is very soluble lU 
wator, which however quickly decomposes it, liberating acid kiitrato of potassium It 

g irts with its water of crystaUiaation ,at 100°, but does not give off any more water at 
gher temperatures witliont undergoing eompleto decomposition (Pelouze.) 

A compound of etroniia-arsenioua tart) ate with mtraie of aminMUim, 
2C®H“Sr"(AsO)'0'*.(NH')N0'‘.12H'O, sopiuvites from a mixture of the component salts 
in lai'ge tnmetiio crystals, mP . wP2 . coPoo . eoPoo , Poo . 4Pce . Angle ooP • 
ooP (brach.) => 113“ 68', Poo I’to (braeh) =. 113“ Thefoim of the crystals 
resembles tliat of a dimetric or qiiadiutio combination, in winch coPco would form the 
eud-faco , but the crystals are not optically uuiaxml. (Marignac.) 

Taisteatbs of Bismuth, C'*H'*1jPO'* 6H’0 =» BP0®.30'S‘0*,6H*0, — When 
a hot eoncentv.ited solution of -1 pts tartaric acid is added to a hot, moderately strong 
solution of 6 pts. bismiith-oxido in uitiio acid, the mixture first remains limpid, but, 
when left at rest, deposits n eonsulerablo quantity of bismutb-tai'tratein small crystals, 
forming a hard white crust at tlio bottom of the liquid j they must be washed ivith 
aqueous taitawc acid, as pure water decomposes them. (E. Sohneidoi, Pogg Ann 
lixvm. 66.) 

Tartrate qjf Ihmvth and Poiassitm is produced by boiling a solurioii of cream of 
tartar with excess of bismuth-oxide, and is deposited, on conceutralmg tho liquid, as a 
perfectly white powder, containing (at 100“) G'H-'K(Bi0)0®, analogous therefore to 
bu’tai-emetic dried at 200“ (Sehwuraenberg, Ann Gh Phiumi. Ixi. 244 ) 
Taiit-hatbs op Bohon. (Meyrac, I Pbarin iii 8 — Souboiran, ihid ni. 
399; XI. 660, xxxv. 241 — Sonbeiran and Gapitaiiio, thd. xxv. 741~Buflos, 
Schw J. Ixiv. 333.~Vog6l, J Pliavm. ni 1 — Robiquet, ibid [8] xxi. 197 — 
Wackenrodei, Arch. Pnarm [2}lvih 4 — Wittstein, Eepeit. Phnrm. [3] vi. 1, 
177 — On tlui optical eharacUra tp these salts Biot, Ann Oh. Phys. [3] xi. 82.) — Tai'- 
tario acid forms, with boron and the alkali-metals, salts analogous to tarto- emetic, the 
group BO taking the pipe of hydrogen, or a mefad, just like the group SbO, 

Tartaric and boric acids, triturated together, form a mixture which appears to be a 
definite compound, inasmuch sa it deliquesces in moist an — a property not ' exhibited 
cithex' by tarliirio or by bone aeid alone Bone acid also dissolves in water contain- 
ing tartaric and more easily than in pure water, the boric acid being, however, depo- 
sited on evaporation 

Bornpotassw fan!i-ai'e,OtH''K(BO)0“ (at 100“) — also ca&edLBorotartrateofpotasswm, 
or Soluble Cream of Taator — ^is obtained by evaporating to dryness, 1 pt boric anliy- 
drido, 2 pts cream of tartar, and 24 pts of water, and treating the mass with alcohol, 
whicli tikes up the excess of boric aeid. It is a white amorphous mass, veiy soluble 
in water, but insoluble in alcohol Mineral acids added to its solution, do not throw 
doivn either boric aeid or cream of tartar At 180“ it gives off 1 at water, leaving the 
salt C'H-K(B0)0“, and behaves in other lespeets hke tartar-ometio. Soluble cream 
of tartar is used in medicine as a purgative, and externally os a lotion for ulcers 
By boiling, for some lioims, 1 pt boric acid and 12 pts. cream of tartar with a large 
qiuintity of water, removing the deposit of cream of tartar which, settles down on 
cooling, then evaporating to dryness, taking up tho residue with a little cold water, 
removing the now deposit of cream of tartar (if any), repioating these operations till 
cold w.Uer no longer separates the Utter salt, and finally treating the product with 
boiling alcohol, a salt is obtained, containing 11-4 per cent, of bone anhydride (B“0*), 
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and apparently eonsiating of a compound of potuasio-boric tartrate with cream of 
tartar, K(BO)0“ 0*H‘K0“ 

Sodio-hone tartrate appears to he ohtnmed m tie same manner aa the potassium- 
salt. Acid tartrate of sodium forms a gummy deliquescent salt with borax, also with 
borato of ammoniutn , 1 pt borax and 8 pts cream of tartar, dissolved together, yield 
on evaporation a gummy dehqiiescent salt, called tartansed borax, containing (accord- 
ing to Duflos and Vogel) 3 6 per cent, borax, and agreeing with the formula 
2C^H'K(B0)0'> 0<H*Na(B0)0'.6E^0. 

Oaleio-bono tartrate is formed, in combination with tartrate of calcmm, by precipitat- 
ing a solution of cream of tartar neutralised with ammonia, with chloride of calcium. 

TaetbAtes or Ghbomium — The solution of chromic hydrate in tartaric acid 
dries up to a violet mass, probably consisting of neutral chromic tartrate 

Fotasaio-ohroimo tartrate, or Chromotartrate ofpotamum, C*H^K(CrO)0'' . tH’O, is 
formed on adding pulverised tartaric aeid to a hot aqueous solution of potassio dichro- 
mate, as long as earbonio acid contimios to be evolved, it is precipitated by alcohol 
from its. dark-green aqueous solution. The same solution, mixed with a strong solution 
of neutral potassic tartrate, deposits dark-green erystaJbue grains, containing 1 at. 
potash (K’O) to 3 at chromic oxide Potassio-ehroraic tartrate forms, with acetate 
of lead, a bluish-gican precipitate, which, when, decomposed by sulphuretted hydrogen, 
yields a tartratH of chromium, probably consisting of chromotartario acid, 
C^H“(0r0)0'' (Berlin, Serz ieirfiticA.— Malag iiti, Compt. rend xvi. 457. — 
LcBwel,uM XV1.862.) 

Tabtbates or Ibon {femcum ). — ^Tartaric acid dissolves recently precipitated 
feme hydrate, and the solution, evaporated below 60°, yields an amorphous mass, 
apparently consisting of ferric tartrate The solution, which is not precipitated by 
alkalis, probably contains originally normal ferric tartrate, C’-'H'T'o'O", which is re- 
solved, on evaporation, into a basic and an acid salt, tlie latter being partly converted, 
by the prolonged action of warmth and light, into ferrous tartrate, which remains in 
solution mixed with free tartanc aeid ; this acid is, however, partially oxidised at the 
same time (Ludwig, Jahrcsb 1881, p 434 ) 

Ammomo-ferru) tartrate, 0*H*(NW)(Pe0)0* -i- 4 to 6H*0, is obtained by dissolving 
recently precipitated ferric hydrate in acid tartrate of ammonium, and evaporating, m 
garnet-coloured scales, soluble in rather more than 1 pt, of water. The solution is 
precipitated by alcohol. 

J?otassw-ferrio tartrate, 0‘ffK(T’e0)0'’ (at 100°). — ^This salt, winch coustitntes the 
essentia] part of the Tartarus chalybeatus or Mars solubihs, and the Globuti martiaks 
of the pharmacopoiias, is prepared by digesting cream of tartar with water and recently 
precipitated feme hydrate, or with iron filings in a vessel exposed to the air, in either 
case, however, the product is frequently contaminated with ferroiiB salt. Pure potas- 
sio-femo tartiate forms shining scales of a brown or nearly black colour, exhibiting a 
fine rad tint by transmitted light The salt decomposes at 160°, giving off water and 
carbonic acid Acids precipitate from its solution a basic feme salt, soluble in excess 
of the acid. (Gmelin's Handbook, x. 316.) 

Eubidio-feirno tartrate is formed by boiling ferric oxide with acid tartrate of 
rubidium, and separates on evaporation in nght rhombic prisms with hemihedral 
faces. (Grandaau, Jahresb. 1803, p 184.) 

Tabtuates OS' Ubanvl, or Ubanio Tabthatbs Neutral XTranic Salt, 
OWCUO)’©* + H''0 and 4ff 0 — ^Tho yellow solution of iii'anic oxide in tartaric acid 
yields, by concentration, crystals containing 1 at water, and by spontaneons evapora- 
tion in a vaoniim, crystals containing 4 at water The last give off 3 at. water at 
180° the salt does not' experience any further loss by drying at 200° (P dligot, Ann 
Ch Pliys. [3] xii. 463). — ^tfranic salts are precipitated by alkalis, even when mixed 
with tartaric acid. (H Rose) 

Antimonio-m amc tartrate, C*H*(SbO)(UO)0“ 4H'’0, is obtained, in yellow silky 
needles, on mixing the aqueous solutions of tartar-emetic and lu-anio nitrate, and redis- 
solviiig the gelatinous precipitate in boiling water This .salt, when dried at 100°, 
exhibits the composition C'H''(SbO)(irO)0‘, analogous to that of the first anhydi'ide 
of tartaric acid (Pdligot.) 

Acins isoMEnic with Tabtabio Acid. 

Racemic or Paratartario Acid has been already described (p. 34), 

Inactive Tartaric Acid, or mesotartarlo Acid.— This is a modification of 
tartaric acid, inactive to polarised light, but diffenng from racoime acid in not being 
separable into dextro- and Isevo-lartaric acids. It is obtained, as above mentioned 
(p 672), by hoatmg racemate or tartrate of cinchonine to 170° for several hours. On 
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dissolving the product m wator, adding chloride of calcium, flltering immediately from 
the racenmto of calcium whieli separates out, and leanug the filtrate to itself, the eul- 
cnuu-aalt of maetive tartmuc acid separates out The acid crystallises well, and mo.st 
of Its salts are quite equal in heauty to the corresponding tartrates and racemates. 
(Pasteur, Ann Ch. Pharm. Ixixviii. 212 ) 

The mnetive tartaric acid prepared from dibromosucoiiuc acid is prohahly the 
same modification. 

Mesotartaric acid, obtained hyDossaignes (Compt rend.lv 769, Johresb. 
1862, p 30d), together with dextrotartaric, racemic; and aposorbie acids, by oxidising 
sorbin with nitric acid, also by boiling tartaric or racemic acid for a long time (at least 
400 hours) with hydrochloric acid, appears also, from comparative experiments of 
Pasteur (Bull. Boc. Chim 1862, p 107), to ha identical with inactive tartaric acid 

a. It 13 separatod from the oxulation-produets of sorbin by first removing the t.ir- 
tanc and racemic acid as acid ammonium-salts, precipitating the acid filtrate with 
eliloride of calcium, and decomposing the calcium-salt with sulphuric acid — $, In 
preparing it from tartaric acid, the greater part of the unaltered tartaric acid, and 
a certain quantity of racemic acid, hkewiss formed in the reaction, must first ha 
removed by crystallisation, the hydrochloric ncid expelled by evaporation over the 
water-bath, and the remaining liquid half neutralised with ammonia, whereby nearly 
all the tartaric acid is precipitated as acid ammonium-aalt The filtrate, when concen- 
trated, yields large well-defined crystals of acid mesotartrate of ammonium — y In 
preparing it from racemic acid, tlie unaltered racemic acid is removed by ciystalhsation, 
the hydvoclilonc acid expeUed'hy evapoiation, the remaining liquid half neutralised 
■with ammonia, and thou precipitated with acetate of calcium. 

ITosotartai'ie acid is very soluble in water (10 pts. dissolving in 8 pts. of water at 
13°) It usually crystallises in reotaiigidar plates containing 1 at water of crystalh- 
Biition C^II'O” II“0, These crvstuls efilorosco in a vacuum, and give off their water 
of crystallisatinn at 100°. If the residue be then dissolved in water, and the solution 
oi.iporatccl to tlie ciystallmo point, large anhydrous crystals are obtiimod, resembling 
those of ordinary tartaric acid The solutiou of these crystals, however, if loft to itselt, 
gradually yields the hydrated acid 

Mesotertario acid melts at 140°; at 200° it is partly decomposed, giving off pyro- 
tartario ncid; the remaining portion is partly converted into raceiiiie acid It is also 
transformed into racemic acid by prolonged boiling ■with hydruuklorio acid. (Des- 
saigiies, Bvdl. Soc Chim 1865, i 34, Jahresh 1866, p 893.) 

The mesotartxates for the most part resemhle the tartrates, but the acid am- 
monium- and potassium-salts arc moder.ite]y soluble in water, and tile aoid does not 
precipitate a solution of gypsum — ^Tho ealomm-mlt, C''H'Ua"0“.4Ii‘0, dissolves in 
hydrochloric acid, and is precipitated fiom tlie solution by ammonia ; it also reacts 
with potash mthe same way as tartr.ito of calcium. — ^The laid-sdt contains C'‘H^Pb''0“ 
H’O ; the silver-sdt, C'H.'Ag*0® II“0 

Metatartarlo Acid. This isomer of tartaric acid, discovered in 1831 by Bra- 
connot (Ann Ch. Phys [2] Ixviii 299), and further examined by Erdmann 
(Ann. Ch Pharm. xxi. 9), and by Laurent and Q-erhardt {ibid Ixx. 848), is 
jiroduced by quickly heating tartaric acid to 170° — 180°, and keeping it at that 
temperature till completely fused The product is a trausp.iront gummy muss, which 
griulually becomes opaque and eryataUme. If the heat be contmue4 longer, ditartario 
acid IS also produced 

Metatartaric acid is deliquescent While stiU hot and liquid, it turns tlie plane of 
pulansation strongly to the right , but as it cools and solidifies, the dextroioUtory 
power becomes weaker, and at 3 6° perceptible Imvorotation is produced 

The metatartrates have the same composition as the tartrates, but are for the 
most part distinguished from them by their ecystallina forms, and by greater solubility. 
By boiling then- aqueous solutions, they are gr.-idually converted into tartrates. 

Tlie acid ainmomum-aalt, G‘H‘(HH’)0'', semrates from very concentrated solutions 
in groups of microscopic needles, usually exhibiting the form of spindles, somewhat 
thu'koncil in the middle. It is more soluble than the acid tartrate, and is further 


tolution, satiiiated -with ammonia, is precipitated by chloride of caleiuin only when 
higlily concentrated , and the ciystallmo me^atartrate of calcuitti thus obtained, 
C'‘H''0a''O“ 4H'0, IS distinguished from the tartrate by the form of its crystals, 
which appear, under the microscope, as irregular lenticular grams, or small prisms 
iinsyininetrical at the two ends, whereas the tartrate forms small often oh ' ’ 
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chloric acid, The liquid neutralised with anunonia again, after a whila, deposits 
metatartrate of calcium, with its characteristic crystalline form, hut it the nietatar- 
trate dried at 220° be dissolved m hydrochloric acid, the solution, neutralised with 
ammonia, yields octahedral crystals of calcic tartrate (Laurent and Gterhardt ) 
Aetd meiaiarii'aie of potassium, O'EfKO", reselnbloa the acid tartrate in appearance 
and in its reactions. On iientraliaiiig metatartarie acid with ratash, and adding 
alcohol, a limpid oil is precipitated, which ciystalUsos slowly, in the form of neutral 
potassic tartrate, and the solution of which yields with calcium-salts octahedral eiystals 
of calcic tartrate. 

Glycotartarlc Aoia, G^H®0“ (A, Sclibyen, Ann. Ch. Tharm. ciotxu. 188 )— 

Olyoxal, C-H’O®, unites with 2 at. hydrocyanic acid, forming a black amorphous suh- 
stancfi, which, when heated with alkalis, gives off ammonia, and is converted into 
glycotartario acid. This acid le dehqnescent, alterabla at 100°, and, when more 
strongly heated, gives off the same odour as tartanc acid 
The glyootai'trates of the tdikah-metdls, even the acid potassium-salt, are easily 
soluble, and their solutions are precipitated by chlondo of barium, oUorido of calcium, 
acetate of lead, and nitrate of silver. — The barmm-salt contains 0'H*Ba"0“ H'‘0 ; tho 
load-salt, 0‘ffPb"0«.H’0. 


Acids derived from Tartano Aoid by sjAstitviwu of Amd Sadteles for the Alooholio 
Hydrogen. 

Diaoetotartarlo A61d, CWO® = (0*HW)”' )• 0*, and JJiaoetotartaric An- 

J 

hydride, C»H“0' = (Ballik, Wien. Akad. Ber. xxix. 26.— Pilz, 

ibid xliv [2] 7; Jahresb 1861, p 368 —Perkin, Chem. Soc. Qn. J. xx 149J — ^Tlie 
auliydi'ide is produced by heating pulverised tartaric acid with chloiklo of acetyl ■ 
C‘H»0» + 2C*H»OCl - C'H«0’ + 2H01 + H‘0 
It is a tough crystalline solid, melting at 126° — 127° 0 When distilled, it undergoes 
a oonsiderable amoiiht of decomjiosition, especially if the distillation be oniwd on 
slowly It boils above 260° hut no fixed point can bo ohttuned, acetic anliydilde 
coming over during the distiUatioii, as well as other products, some of which affect 
the ejQS like acrolein , a residue of carbon is left in the retort If heated gently, it 
sublimes in beautiful but small prisms. It is slightly soluble in benzene, and eiys- 
talliscs from this solvent in slender white needles. It also erystallisos from acetic 
iiiihydi'ide (Perkin) 

Diaoototartario acid, C*E’"0® = C®H*0’ H’O, is formed by the direct combi- 
nation of the anhydride inth water. The aqueous solution, evaporated m a vacuum, 
leaves the acid as a transparent, gummy, dehquosoent substance, having a very 
acid taste. When strongly heated, it decomposes, without previous formation of 
the anhydride. Heated with caustic potash or soda, it is resolved into tartaric and 
acetic acids ; 

CSH>“0“ + 2ffO = CH'O" + 2C»H<0». 

Diaoetotartario acid is dibasic, forming acid and neutral salts ; they are all very 
soluble, and somewhat difficult to obtain pure ; they are prepared by diBsolviiig tho 
several cm'bon.ites in the aqueous acid 

Tile ncuiral potassium- and sodmm-salts are veiy deliquescent. — Tho aetd poiassium- 
salt, C"H-'KO“, is a crystalline powder, vety soluble, but not deliquescent; it has iiii 
acid taste, and reddens litmus powerfully — The bariiivi-salt, 0'‘H"Ba"O“, crystaUises 
from a syrupy solution, in slender deliquescent needles, sometimes half an inch long — 
The calmum-salt, C''H®Ca"0“, dries up, on evaporation, to an opaque, friable, deliques- 
cent mass — The cupnc salt, C*H''Oa"0“, forms blue crystals— The morcurons salt is a 
gelatinous precipitate, soluble iii acetic acid — The silver-salt, C*H*Ag“0", is a white 
crystalline mass, very slowly aetod upon by light (Perkin.) 

Paratartaria {raccmic) atnd, heated with chloride of acetyl, yields diaeetopara- 
tartario anhydride, as a heantiM crystalline body, isomorie with diacetotartaric 
anhydride, which it resembles in melting-point and other properties. In contact with 
water, it yields diacetoparatartaric acid, which is resolved by heating with 
alkalis into acetic and paratarbme acids (Perkin ) 

HO’H'O) 

Benxotartarlc Aold, CWO' ». (O‘nW)'''>0''. (Dessnignes, J. Pharm, [S'] 

Von. V. YY 
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2XX11 47 , Jiilirp<!b. 1847, p. 307 )— Produced by heating 1 at tartaric acid and 1 at, 
benzoic acid to 160“ in a scaled tube 

C'H«0» + 0’H«0» = H’O + C^H^O’. 

A brown liquid is thereby formed, which, -when dissolved in hot water, deposits hen- 
Koic acid; tlie residue, loft on evaporating the mother-liquor to dryness, dissolves jiar- 
tially in carbonate of sodium, and the solution, decolorised \nth charcoal and slightly 
suporsalurated with hydroohlorio acid, deposits hciizotiirtaric acid, m warty groups of 
inici'oseopio crystals (Dnssaignes) It is also formed, together with elhylbenzo- 
tartaric acid, by the action of dilute alcoholic potash on heiizobivtaric ether, and 
remaina in Uie mother-hqnor after the ethylbonzotartarie acid has separated out, 
(Perkin, p 885 ) 

BenzotaHanc acid is more soluble tlian benzoic acid in water, hut less soluble in 
alcohol, It remains nnaltersd at the temperature at which benzoic acid molts and 
sublimes' at a higher temperature, it melts and gives off benzoic acid, the residue 
turning brown, and emitting the odour of burnt tartar. A cold saturated solution of 
the acid forms no precipitate with feme chloride, lime-water, or silvor-nitrato, but a 
slight precipitate with basic iicetuto of lead. When saturated with ammonia, it forms 
a palo-yellow piecipitnte with feme chloride, none with chloride of calcium In a 
solution of the acid one-fourth saturated with ammonia, nitrate of silver fonUs a 
wliite precipitate, consisting of armitic bemoiarlrate, C'H'Ag'O’. 

Dibromotartario Acid, is formed by the action of bromine, at 100°, 

on hromomaloic acid (m 788) ; probably thus : 

C'H’BrO' + Bri + 2E=0 = ^HBr + 

It is very deliquescent. (ICekuli, Jahresb 1801, p 363 ) 

(NO<')» i 

Wltrotartarlo Aoid, C^H*IT*0"' = (C'H'0*)‘’'lOh (Dossaignes, Ann, Oh. 

1 ■ 

Pluirm Ixssu 362 , buaix. 339 ) — ^This acid is formed liy adding 1 jit of pulvoriaed 
t.ii'tftric ttoul to 4 J pts of voi'y strong nitric acid , then adding, with stirring, an equal 
vobuue of strong sulphuric acid , pressing the pasty mass between porous tiles , dis- 
sol-nng it in a small quantity of lukewarm water , cooling to 0°, and pressing the crys- 
tals between paper 

Nitrotortano acid dis-solvoB in absolute alcohol, and remains, on spontaneous 
evapQintion, in distinct prisms. It is optically active, like tartaric acid (Cnautard). 
It is very mistablo, its iiqiienns solution, even at a few degrees above 0°, continually 
gmiig ofr mine oxide and carbonic anhydride By spontaneous ev.iporation, it yields 
tartronicaeid (p 698), and, when heated to 40“ — a0“, oxalic iicid —'Ey sulphide of 
aimmiiuiii it is reconverted into tartano acid. 

The nitrotartrates have not been much examined — The aad ammnam-sali, 
j^,| C’H’(NO’)'0“, forms small, very soluble crystals — The neatrai nmmoniim-saU 
Jidda, with nitrate of silver, an easily soluble silver-salt, containing 
Ag'0‘H‘'(N0-')=0«. 

TARTARIC AMlDEiS. See Tabthamio Aom and Taetiumide. 

TARTARIC ARKYDRIDGS. Since tartaric acid contains four atoms of 
rophioeahle hydrogen, it should be capable of yielding two anhydndes, by the loss of 
H*0 and 211*0 respectively thus — 

(C'H’Op'rjQ^ 0>H*g|‘’'?Q, (G'H*0*)'r.0*. 

Tnrtaiiciwld. First anhydride. True anhydride. 

But as the four typic hydrogen-atoms of tartanc acid are not all of the same character 
(two being alcoholic and two basic), it is further possible that the first anhydride may 
exliihit three isomeric modifications, according as the alcohohc or basic hydi'ogen-atonis 
of the acid are eliminated in its formation thus — 

<“•■>->"10., ,c|os..|o. 

Sibasic acid. Moiinhaslc Neutral an- 

Burthcr, two or more mnloeiiles of tartaric acid may imito together in giving up 
water, tlioroby producing compounds .inalogini.s to the polj ethylenic alcohols (ii, 670), 
the polyglyconns (ii 894), and the polylactic acids (in 461) The simplest, and 
therefore the most probable of these compounds, would ho ditartari o acid, which, 
by further elimination of waler, might yield corresponding anhyihidea thus — 
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H» J 

Dltartaric anhydride. 

All these compounds might possibly bo produced by the action of heat upon tartaric 
acid. Only a few of them baYC, however, been actually obtained , and, moreover, the 
statements of different chemists, who have investigated the decompositions of tartaric 
acid by heat, do not quite agree. (See especially Braeonnot, Ann. Oh. Pharm. li. 
315— Primy, ibul xix. 197, xxix. 142, Ixxviii. 297— Erdmann, ilnd. xxi. 9. — 
Laurent and Oorhardt, ibid. Ixx 348.) But, as already observed (p 675), it 
appears most probable that the first effect of heat on tartaric aeid is to convert it into 
the isomeric compound, metatartario acid, and that afterwards, by snoeessivo elimi- 
nation of water, there are formed — ^flrst, ditartarie aCid, then .i soluble modifleation 
of the first anhydride, C‘H‘0“, called by Primy tartrolie acid, and, finally, the 
neutral insoluble modification of the same anhydride. The true anhydride of tartaric 
acid, C^H-O’.O®, is not known. (KekuU, icArimiA, ii 199) 
llitartarlo Acid, — This acid (called Tarfralic acid by 

Pi'6my, Isoiartario ntud by Laurent and Gerbardt) is produced by melting tartaric acid, 
and keeping it at a temperature of 170°, till it no longer gives a precipitate of calcic 
taitrelate with lime, or with calcic acetate (Fiemy) , also by adding tartaric anhy- 
dride to molting tartaric acid (Scbiff, Zeitsehi. Oh. Pharm 1862, p 376) It is 
very solubloitn water, and not crystallisable Its salts, and C^H^SP'O", 

even the oalcium-salt, are also very soluble m water, and are precipitated by alcohol in 
the form of syrup or of bulky flocks. By boiling with water, they are converted, first 
into acid metatartrates, and then into tartrates. 

Gerbardt (Zl'flif^, 11 . 15,61) regards tartralic acid as isomeric with tartaric and 
metatartaric acids, on the ground that tarUric acid may be ■ converted into it without 
loss of weight, even m presence of water. According to this view, the compositiou of 
the tortralatos, which ara neutral, is the same as that of the acid tartrates and meta- 
tartrales , but analysis shows that the composition of those salts agrees more nearly 
with the formula of the ditartrates above given. 

Tartrello Acid, O'H'O* = C’H“0“ — H^O Soluble Tartaric Anhiidnde . — 
Obtained by quickly heating small quantities of tartaric acid till the fused mass swells 
up. It is a yellowish, tumefied, deliquescent mass, which dissolves in water, forming 
an acid solution, 

' Cblorido or acetate of ealciiim added to this solution, throws down tartrelate of 
cnlomm, C“H®Ca''0"', as a syrupy mass, which is insoluble in water, and becomes crys- 
talline by contact with alcohol. — ^The bai mm- and itrontmm-salts, which are similar 
in composition, and prepared in bke manner, ore also syrupy masses, insoluble in 
water. Tartrelio acid, heated with lead-oxide to 160°, yields a lead-salt containing 
0^H'‘Pb''0*. — In contact with alkalis, it forms tortralatos or ditartrates By boiling 
with water, it is converted, first into metatartaric, then into tartonc acid. 


Insoluble Tartarlo Anhydride, C^H’O", is formed by beating tartaric acid 
for some time to 150°, oxliausting the product with cold water, and drying it in a 
vacuum It is a white powder, insoluble in water, alcohol, .md ether ; and is converted 
by water, slowly in the cold, quickly on boiling, into tartaric acid (Prd my ) 


TAUXAUXO exbbrs. Tartanc acid, like other dibasic acids, forms, with 
monatomic acids, both acid and neutral ethers, the former of which a: 
acids , eg.' 


(C‘H''0»y4o«. 
HG»H“ I 

Ethjltnrterlc 


J 

NeutrnUimyllc 
1 those ethers are also replaceable by acid- 


H C°H’0 ) 
(C^H=0=)i4i 

(C°H»)= J 


(C'H-0=)>* l( 
(C=H“)» j 


^Eftylbenzo. 

Closely related to these ethers are also certain dibasic acids, derived from tartaric 
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TUq eoustitntion of thego-compounda shows that tartavie acid may ho regarded as a 
diatomic alcohol, as well ns a dibasve acid 

The acid tartaric ethers are formed by the diroet action of tartaric acid on tha 
alcohols ; tho neutral others by passing hydrochloric acid gas into a solution of tha 
Held lu the respeotivo alcohols Tha danvatives of these ethers coutiviniug acid 
radicles, ora iormod by treating them with alcoholic chlorides 
A few ethers are also known, produced hy tlio action of tartaric acid on polyatomic 
alcohols 


Neutral Tartaria Ethers, aontaimng Menatormo Aloohol-radiales. 

Btbylio Tartrate, or Tartaric Ether, => C^H<(C’H*)W (Demon- 

desir, Ann. Ch. Pharm, Ixxx 301.) — ^This ether is a liquid which acts on polarised 
light. It bears a somewhat high temperatiu'o without decomposition, but, when heated 
to a certain point, gives off cousidoiahle quantities of pyrotartarie acid. It mixes in 
all proportions inth water, alcohol, and common ether . — ^With ammmm it yields 
tartramic acid or tartraniide, according to tho time for which the action is oontmued 
Tartanc other is decomposed hy eoditm, with evolution of hydrogen , the action is 
slow, on account of tho viscidity of the ether, but may be made to go on very rapidly, 
by mixing it with five or six times its volume of anhydrous benzene. On separating 
the excess of sodivun, and evaporating, a pale yellowish-brown, unoryetaUine, but finable 

HNa ) 

residue, is obtained, probably consisting of sodiotartario ether — O^HWlO. 
By the continued action of the sodium, a gelatinous product is also formed, probably 


Acetotartaric Ether, = C<H"(C*H*0XC'“H’)®0“ (Perkin, Chem. 

Soo J. XX X46 )— Produced by tbe action of aeotylic oliionde on an equivalent quan- 
tity of tartaric ether , tho action takes place at orinary temperatures, largo quantities 
of hydrochloric acid being evolved, and tha mixture heeoraiiig hot. The oily product is 
purified by agitating it with water, dissolving in ether, agiuting the ethereal solution 
with dry carbonate of sodium, filtering, and evaporating to dryness over the water- 
bath 

Acetotartoric ether is an oily liquid, having about the eonsistonce of olive-oil, 
heavier than water, and slightly soluble therein, hut quite insoluble in saline 
solutions It is perfectly neutral to test-papor, and has a rather hitter taste When 
somewhat stron^y heated in a retort, it decomposes, giving off acetic acid , ,it about 
287°, an oil passes over, and finally a carbonaceous residue is left It is decomposed 
by aqueous ammunia, the solution, when, evaporated, yicdding a yellowish syrupy 
product, having a bitter and slightly burning taste H6.itcd with uhlonje of bmcm/l, 
it give.s off hydrochlone acid, and forms a thick colourless oil, probably benz- 
acetotorhiric ether. 

Acetotirtaric ether is rapidly decomposed by sodium, especially when diluted with 
benzene, hydrogen-giis being evolved, and a transparent gummy substance formed, 
probably consisting of sodacetotiirtaric ether, C^H-N'a(C''H“0)(G“H®)-0''. 


Biaoetotartarto Ether, C«H'«0' = C'HXC“H’0)XC*H")=0'. (Perkin, 
Cheiii Soo I. XX U7,)—Pioducedhy treating 1 at. tartaric ether with 2 at. ehlonda 
of acetyl, and, alter the rS.ietion has abated, beating tho product for a sliort time to 
100° in a sealed tube When piunfled like the preceding, it solidifies to a beautiful 
crystalline mass, wiuuh may ho separated from a small quantity of oily acetotartonc 
other bv strung pressure between bibulous paper, and then evjstalljsed from water. 

Dinertot,irtaric ether dissolves in all proportions in a/oohol and eomnion othci', and 
IS preeipinted from its nlcoholie solution by water When it is boiled with water, a 
considoi.ible quantity dissolves, and tlie solution, on cooling, deposits it in splendid 
prismatic crystals^ more than 1^ inch long It is slightly soluble in cold w.itor, but 
on tho addition of a strong .solution of chloride of sodium, tho hquid becomes cloudy, 
luid tho di,icotot.irtavip ether ci-ystallises out on standing. 

Biacetotiirtawc other melts to a colourless oil at 07°, and docs not resolidify on 
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cooling ; but as soon as a small partide of the solid product is thrown into it, it hcgins to 
crystallise lu tufts of needles, and in a few moments becomes perfectly sobd. During 
crystallisation, it evolves boat sufficient to become quite hot to the hand. When 
strongly heated, it distils with only shght decomposition It boils between 394“ and 
208“. 

Diacetotartanc other is not quickly decomposed by aqueous potash, or by cold, alco/io- 
ho ammotita. It is scarcely acted upon by sodmm, eiiheir in the fused state, or when 
dissolved in bemsene. 

Fat atat tat lo (racemto) ether treated with chloride of acetyl yields acetopara- 
tartario and di acetoparatartario ether, isomeric with the tartaric ethers just 
described. Monaoetopaiatartario ether is a colonrless oil. Diacetoparatartarie ether 
IB a solid body, melting at 50 6°, boiling at about 208°, and distilbng with slight 
docompositiou. It dissolves in alcohol or ether in all proportions It is deposited 
from its boiling aqueous solution, on coobng, in small tufts of needles, and, after 
long standing, somotirues forms short but very hcilhant prisms on the sides of the vessel. 

Benzotartario Ether, ^ G'H'(C’H’0)(C='H“)“0<'. (Perkin. Chem. 

Soc. J, XX 139 ) — ^Produced by heating chloride of benzoyl with a slight excess of 
tai'tario ether to 100° for two or three hours. When purified, like the preceding 
compound, by agitation with carbonate of Bodiiiin, solution in ether, &c , it forms n 
viscid transparent oil, which, on standing (ctpi eially under water) for two or tlu'se 
weeks, is almost wholly converted into a iniins of colourless prismatic crystals, which 
may be freed from oil by pressure. 

Benzotartario ether, when pure, is a white inodorous solid, heavier than water, and 
easily pulvorised. It melts at 64°, and cools to a viscid oil, which does not solidify 
until it has stood for some eousiderahle time , but the introduction of a minute piaco 
of the solid product immediately causes it to commenco crystalhsing; and this takes 
place with a very considerable elevation of temperature. It crystallises in transparent 
prisms. If strongly heated, it diatils with decomposition It is soluble in all 
proportions in ahohol and ither, sbghtly soluble in boiling water, the solution 
becoming milky and depositing oily drops on coobng, afterwards beautiful but 
small prismatic crystals separate. Its aquoous solution has a slightly bitter taste 
Its solutions do not change the colour of htmus-papor — Aqueous potash appears to 
be without action upon it. With sodmm it liberates hydrogen, and appears to form a 
sodium-oompouncl. When heated in a sealed tube to 100° with alcoholic ammoma, it 
slowly decomposes, and is apparently converted into benzoie acid, tartiamide, heiizo- 
tartramide, and alcohol. 

Alcohoho potash quickly decomposes benzotaxtanc otlier, yielding, if in excess, 
tartaric and benzoic acids , but if dilute solutions are used, and the quantity of potash 
lesentia not sufficient topiodiico complete decomposition, benzohirtarie and ethyl- 
enzotartario acids are produced (p. 696) The formation of these products is 
represented by the following equations • 

^‘®°|C<H“(C’H=0)0» + H^O = 02H»0 + qj^,|0'H»(0’H‘O)O». 

Benzotattatio ether. Alcohol. Ethylbonzotortarlo 

gj^I|c<H»(0'H‘O)O» + SffO 


Benzotartarie ether is not converted into dibenzotartario other by heating with 
chloride of benzoyl , neither does tins compound appear to bo produced by heating 
tartaric ether with 2 at chloride of benzoyl. 

Paratariana ether lieatcd with chloride of benzoyl, yields benzoparatartaric 
ether, isomeric with benzotarbinc ether, hut melting at a much lower temperature, 
viz. 57°, and not crystalhsing so readily. 

Aoetobenzotartarlo Ether, 0'’H™0“ = C‘HXCPIPO)(C’H»0)(C2H»)«0» 
(Perkin, Chem Soc. J xx. 145.) — ^Prepared by heating benzotartarie ether with a 
shght excess of chloride of acetyl to 140° — 150°, in a sealed tube for three or four 
hours. It IB a very thick colom-less od, heavier than w.iter, showing no tendency to 
solidify, neutral to fost-papor, very soluble in alcohol and elher —Heated with 
alcoholw potash, it is completely resolved into alcohol, and acetic, heazoic, and tartaric 


= 2CWO + g|c'H>(C’E‘0)0«. 

’ Benzotartario 
acid. 

= 2C'H»0 + + C’U‘OK 

Tarurlc Benzoic 


+ ‘iHO - 2CTi'-0 + -v OTI«0». 



694 


TARTARIC ETHERS. 


Succinotartarlo Hthor. = C»H«(0®0=)"(0’H*)<0'’. (Perkin, 

Ohem. Soo. J. xx. 14.S ) — -This body, formed by the substitution of 1 at. suecmyl 
for 2 at. hydrogen in a double molecule of tartaric ether, is prepared by heating 2 at. 
tartario ether with 1 at. chloride of suceinyl in a test-tube to 100°, as long as hydro- 
chloric acid continues to go off 

2C‘ff(C=H“)'0“ + (CWOT'CP = 2HC1 + C«H“(C<H^0“)''(a»H»)<0>“. 

The product, purified Uto the preceding, la an extremely thick oil, generally of a pale- 
yellow colour. It diasolyes freely in alcohol and ether, forming neutral solutions. It is 
decomposed by alcohohe potash, and cannot be distilled without decomposition. 

laethyllo Tartrate, C»II'"0“ =- 0^HWH’)’0®. Methyltartarw Ether.— 'Pra- 
pared hie ethyltartarie ether, which it rescmhles (Demondosir.) 


13 Acid Tartaric Ethers containing Monatomic Aloohol-radales. 

These are monohasie acids, produced by the direct action of alcohols on tartaric 
acid. 

AtnyltartarlQ Acid, C*E[*“0“ = C'H“(C“H'')0“. Tartramylio Acid — This 
acid, discovered by Balard (Ann. Ch. Phys [3] xii 309), and more fnUy investi- 
gated hyBrennlin (Ann. Ch Pharm. ici 314), is prepared by digesting 160 pts. 
finely-pulverised tartanc acid, for several days (at about 130°), with 88 pts. rectifird 
amylio alcohol. A syrnpy liquid is then formed, which, by slow coohng, solidifies to 
warty masses of unctuous crystals, having an intensely bitter taste. They melt at a 
gentle heat, and dissolve in a small quantity of water, but a larger quantity of water 
separates tbe amyltartaric acid in oily drops (Breunlin.) 

The amyltarti-ates, C'H'‘M(C‘H")0'' and C!®H*M"(0®H")*0'^ are for the most 
part soluble in water. Most of them remain imaltcred when their aqueous solutions 
are boiled, hut they decompose when dried at 100°, 

AmyltaHrate of Barium, prepared by saturation, separates from its concentrated 
solution, in colom'less, nacreous, crystaUiue laminm, containing C®H®Ba''(C‘H**)'0“. 
2B[‘0, which become dull when dried at a gentle heat, and are decomposed at 100° 
They dissolve in alcohol, and, on adding water to the solution, the anhydrousisall. 
C®H“Ba''(C*H''TO*® is precipitated m white amorphous flakes.— The calomm-sult, 
0*H®pa"(0‘H''p0’*, likewise obtained by neutrahsation, remains, on evaporating its 
solution over oil of vitriol, as a friable saline mass, minab. dissolves very readily iii 
water, and 18 not decomposed at 100°. — The lead-aali!, obtained by precipitating the 
potassium-salt with acetate of lead, appears to ha a basic salt. — The potassium-salt, 
obtained by decomposing the bnrium-salt with carbonate of potassium, separates, on 
evaporation and cooling, as a white crystalline mass, containing 0‘‘H‘K(C®H")0‘ H*0. 
It IS sparingly soluble in cold, easily m boiling water, and gives off its water of ciys- 
talhsation at 100° — The sodmm-salt, 0^H'‘N'a(0’H")0“, prepared in like manner, 
separates, Iw evaporation over oil of vitriol, in soft, nodular, anhydrous crystals. -The 
silver-salt, C*H’Ag(C'H’')0“, sepaiutes on cooling from a hot concentrated solution of 
the potassium-salt mixed with nitrate of silver, in tufts of needles having an adaman- 
tine lustre (Bieunlin) 

Bthyitartarlo Aoia, CH”’©* = C*H»(C*H‘)0«.— or Tartrovinio 
Acid. (Marian, Trommsd. J xiii. 2, 43 — ^Trommsdorff, ibid. xxiv. 1,11. — 
GuAiiu-V arty, Ann Ch Phys. [2] Ixii, 67 )— A^lhen absolute alcohol is boiled for 
some time with tartaric acid, and tlio liquid, after dilution with water, saturated with 
carbonate of barium, insoluble tartrate of barium is formed, together with a solution 
of the othylturtrate, which is deposited in crystals on concentrating the hquid. Tins 
salt, decomposed with an equivalent quantity of sulphuric acid, yields ethyltartarie acid. 

This acid erystallises in elongate pnsms, with oblique bases ; it is colourless, in- 
odorous, tn-stes both sweet and sour, and quicUy absorbs moisture from the .air. It is 
veiy soluble in alcohol and in ether. Its aqueous solution is completely decomposed, 
by prolonged boiling, into alcohol and tartaric aoid. It dissolves zinc and iron, with 
evolution of hydrogen. 

Ethyltartarie acid is decomposed, by dry distillation, into alcohol, water, acetic 
ether, acetic acid, othyleiie-pus, pyrotavtario acid, and other products. — Eitno acid 
conierts It into .leetic, earhoiiic, and oxalic acids. 

The bohitioii of ethylt.uUric acid gives no precipitate with potash or soda, in 
wbiitovor proportion the iilk.ili may be added — ^When added by drops to bart/fn-watcr, 
It forms a jn cciiiitjte, which di.-.ippojirs, with the exception of a slight turbidity, as 
the liquid approaches neutrality, but reappears on adding an excess of the acid. 
Thcbt.’ cliaructirs (1iHtinn;insli etl^dtartarie acid from tartiiric ucid. — WiUi liTiiC'-waicTy 
It forms .1 precipitate soluble in excess of the acid. 
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The othyltartrates, 0’H'‘M(C'H”)0'> and C“H*llt''(C?II“)*0'^ usually eiystaUiao 
ueU; they arc iiuotuons b the touch, and without odour. Almost all of them are 
rery aolublo id water, less soluble in alcohol. On boiling their solutions, they are 
resolved into alcohol and tartrates. 

The ammonium-salt is obtained, m Bihcy fibres, by spontaneous evaporation of a solu- 
tion of the acid saturated with carbondte of ammomniu. — The potassium-euli, 
C^H'K(C“B[*)0''j^fornis eolonrioss rhombie prisms, usually exhibiting tbo combination 
oof 2 . CD . P 00 P Axes a b .c <= 0-2870 . 1 • 0.4174. Angle oof 2 . oof>2 

(biiich) =. 120° 8, CDf2. oof 00 = 101“fi'jfoo foo =. 134° 41’. Cleavage 
o.iey parallel to osf oo. Its acpieous solution, when boiled, deposits acid tartrate of 
potassium -^The aodiim-salt forms lamina, sometimes rbomboidal, sometimes rect- 

Tlie hanum-aalt, 0“H“Ba''(C-H‘)’0i* 2H’*0, prepared as .already described (p 094), 
ioinw beautiful fau-shapod groups of crystals, apparently belonging to the tnmetric 
system 

The cahmm-snlt, 0®H®0a’'(C“H“)'‘0'* 6H®0, prepared like the harium-salt, forms 
rectangular prisma or laminse, which melt lu tlicir water of crystallisation at 100° 

The Qupi'ia salt, G"H''Cu'\C'‘H‘')^0'’.6H*0, obtained by dissolving onprio oxide in the 
aqueous acid, forms bine, silky, efflorascent needles 
The leoA-salt separates, on adding ethyltartaric acid to acetate of lead, in small 
nacreous prisms, iuaolublo in excess of the acid. 

The sjisej'-aaK, C''H*Ag(C’H‘)0'‘, obtained by prooipitation, cwstallises in prisms, 
sometimes tumefied in the middle. It is slightly soluble in cold water, and may bo 
heated to 100° without decomposition 
The smc-salt forms groups of rectangular prisms, unctuous to the touch. 
Bthylbenzotartarto Acid, = CtH<(O’H:‘O)(0*H’)O''. (Porkin, 

Ohem. Soo. J. XX 142) — Produced, together with bonzotartono acid and otlior pro- 
ducts, by treating a dilute alcoholic solution of benzotartaric ether with a quantity of 
dilute alooholio potash, not sufficient to resolve it completely into honzoio and tartaric 
acids (p 698) On gently heating the resulting hquid to expel the excess of alcohol, 
adding water to separate oily products, passing the solution tln-ough a wet filter, acidu- 
lating with hydroohlorio acid, which separates ’ ' ‘ ' o and othyl- 

bouzoio acids, together with a little neutral od, • ' and placing 

the clear filtrate in a vacuiun over oil of vitnol, athylbeuzoio acid separates, after a 
few dnys, in beautiful tufts of hard needles, which may be completely purified by 
washing with water. The mother-liquor contains henzotailorio acid (p 690) 
Ethylhonzotartaric acid is sparingly soluble in water, but oxtremely soluble in 
alcohol and ether, and is deposited from its alcoholic or ethereal solution, on evapora- 
tion, in fan-shaped groups of crystals. Its aqueous solution reddens litmus-paper It 
IB easily decomposed by potash, and its salts appear to bo rather unstable 
Metbyltartarlo Acid, C'H*0“ = O'lPiCH*)©". Tarlroniethylio Acid (Du- 
mas and P41igot, Ann Oh. Phys [2] Ixi 200. — GuArin-Varry, Ixn, 77 — 

Dumas and Piria, M [3] v; 373 )— Tartaric acid dissolves in methylic more 
easily than in ethylio alcohol, and converts it with, greater facility into the acid ether. 
To prepare this compound, tartaric acid is dissolved in an equal weight of methylic 
alcohol at the boiling heat, the solution is evaporated to a syrup at a temperature 
below 100°; the syrup loft to evaporate freely, and the rosultiiig crystals dried m a 
vacuum 

Mothyltortai'ic acid crystallises in colourless rectangular prisms, heavier than 
water, fusible, inodorous, but having an acid taste. It is scarcely altered by tho 
moisture of tho air, dissolves very easily in cold water, and m all proporUons of boil- 
ing water , is easily soluble also in alcohol and wood-spirit, but insoluble in othoi 
The aqueous solution of methyltartnric acid, when boiled, takes up 1 at water, 
reproducing tartaric acid and metliylio alcohol, Tho crystals, when heated, give off 
water, methylic alcohol, and methylic acetate, together with otlier products. 

The aqueous acid dissolves ^mcaud iron, with evolution of hydiogen. With baryta- 
ivaUr and lime-water it forms qirocipitates, soluble in a slight excess of the acid It 
does not piecipitata sulphate of potwsium, but forms a pulverulent precipitate with 
acetate of lead 

The methyltartrates are converted, by boiling tlieir aqueous solutions, into 
methylic alcohol — The potassiiim-salt, G'n’KO", crystallises in right recl,iiignlnr 
piTsms, which (according to Dumas and Pirin) are .inhydrons, hiit (according to 
Gu4rin-V arry) give off 4 2 pep cent water in a vacuum over oil of vitriol It le 
much more soluble in hot than in cold water. — The sodium-salt is sparingly soluble in 
water, and bcpnrates, as a granular pieeipit.it, e, on pouring mcthyltnrt.mc acid into 
oaiistio soda, — Tiie banmn-salt, H^O (f), is obtained by saturating a 
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solution of the aoid in mothylie alcohol noth cnrhonate of barjum, and crystallises, hy 
spontaneous evaporation, in white reetangular pnsms, much more soluble in hot than in 
cold water. It decomposes at about 160°, yieling a syrupy alliaceous liijuid, contain- 
ing water, methylio alcohol, methylio acetate, and a crjstalliaahle substance, which 
may he obtained from it by evaporation. — The lead-salt and the silver-salt are obtained 
by precipitation. 


Acids isomeric with Methyltartarw Acid. 

CiiRiTABTAjira Acm, C'H'O®. (Cariua, Ann Oh. Pharm. occix. 169; Jahresb. 
1864, p 393.)— An acid produced by boiling a neutral salt of chlorocitraJaalic acid 
with water : 


C‘H»K’C10» + H*0 


KOI + en’KO®. 

Oitratartrate. 


To prepare it, a solution of chlorooitrainalate of barium* is repeatedly evaporated to dry- 
ness, with excess of baryta. On carefully decomposing the resulting barium-salt with 
dilute sulphuric acid, evaporating the filtrate, and decolorising with animal charcoal, 
oitratartanc acid is obtained, as a transpacent, amorphous, dehquescent mass, which 
melts above 100°, and becomes oarbonised, with evolution of acid vapours. 

Oitratartanc acid is dibasic XtB potassium- and ammoniwn-salts have the composi- 
tion OWMW . tile former crystallises in needles. The free acid is precipitated by 
acetate of lead; the solutions of the neutral alkali-metiil ealts form, with lead- and 
Bilvor-salta, precipitates which are soluble both in the free acid and in excess of the 
allcalms salt, no precipitate with chloride of barium, oaloium, copper, or zme Citra- 
taitano aoid reduces an ammoniacal silver-solution at the boding heat, and prevents 
tho precipitation of feme oxide by alkalis. 

Gitratartraie of barmm contains 0'“H*Ba"0'' ; the neutral Icad-ealt, 0“H''Ph"0“ ; 
the iasia lead-salt, 0‘H“Pb''0“.Pb''0. 

Dihaaio acids having the same composition, and perhaps identical with the pre- 
ceding, are produced : — «. By the reduction of oxalic ether with sodium-amalgam, tho 
pasty amalgam being covered with alcohol of 80 per cent., and the oxalic ether 
gradually added t This acid, lowig's glycomalio acid, is uncryatallisahle, but its 
aoid banum-salt may be obtained in crystals (ISwig, Jahresb 1882, p, 311.) 

fi. By the action of ailver-oxide on dibromopyrotortano acid (iv 774) . 

C»H«Br’0‘ + Ag^O + H’O = 2AgBr + CTOO". 

The acid thus produced (homotavtario aoid) is very solubls in water, and the 
syrupy solutton yields crystals after long standing. Its salts are almost aU soluble m 
wato. — The neatral banum-salt, C'H''Ba"0‘' (at 160°), is insoluble in alcohol. 
(Kekuld, Ann Oh. Bhocm, Snppl. i. 346 ; Iwhrbuch,ii 213.) 


y. Tartario Ethers containing Eolyatomo Aleoliol-radicles. 


Those ethers are formed by boating tartario acid, in various proportions, with 
glycerin, muniute, duloite, pmite, glucose, dso. Tlioir composition and properties 
have already beau described. See Ethbus (ii. 621,522), Qtuooso'rAjiTABio Aom 
(ii. 872); OutoBHOTAKiTfinc Aoins (h. 893), 

T.a.BTARIN. Native sulphate of potassium, also called Arkaniie and Glaserite, 
TABTAKVS.^ A general pharmaceutical name for salts of tartaric acid’ — Tar- 
tar a-. Hi. momatus is ammomo-potassio tartrato. — 21 boraxatus, or tartarieed borax, is 
tho gummy salt obtained by evaporating a mixture of 1 pt borax and 8 pts, cream of 
tf-irtar (p. 687). — T okalybeatus is potassio-lemc tartrate. — T cmehous potassio- 
antiinonii, us tartrate.— r.(/«va!l««i or /tmiyOTOsiM), 21 haheo-femeus, and 21 martialis 
or maitiutvs, are various preparatious coutammg ferric tartrate — T reaeneiaius- 
acetate ol potassium, — T tolubilis neutral tartrato of potassium — T. sohibilis am- 
’mniarnhi. nmmonio-potassio tartrato. — 21 stilmtus tartar-enietiQ, — 21 tartarmtus: 
neiitial ti rtmlo of potassium. — T. mtnolaius sulphate of potassium.—T. mtnolatus 
m III ni ! cid sulphate of potassium. • 


tTARTRaXIO ACXD. Syu. with BiTARTAiao AoiB (p, 691). 
TARTRAMBTHAlffB. Ethylic tartramiite. 


lie is orepBred by treating a cold solution of citraconnte of bo 


produced by pnsshig chloi Inc 


(rtlic add. Ci'H'O" (p dO). 


te by sodluiu-nniulgnui, under dllToro 
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TARTBAMIC ACID. C‘H’NO“ =. C‘H''(NH“)05 = (C*H-0’)>4" . (Lan- 
H-H* ) 

rent, Compt. Ghim. 1845, p. 153. — ^K. Q-iote, Ann. Ch Pharm cxsx 262) — ^Tlie 
auimonium-Balt of this aoid is produced: — 1. By passing ammoma-gas over tartano 
anhydride moistened with alcohol. Two layers of liquid are then formed, the upper 
consisting of alcohol, and the lower of tartramate of ammoninni (Laurent) — ■ 
2. Together with tartane acid, by heating tartaric ether with strong aqueous animonia 
to 100°. The resulting solution first deposits efBoreseent crystals of tartrate of 
ammounim, then hard crusts of the tartramate. The longer the action is continued, 
the greater is the quantity of tartrate produced, and in about a week the whole ot the 
tartramate is converted into tartrate. (Qrote.) 

Tartramate of caloium is precipitated on mixing the solution of the ammonium-salt 
with chloride of euleium, and adding alcohol. It is very soluble in water, insoluble m 
aleobol, and forms large tetrahedral crystals, containing C*H’*0a"N'‘0“ 6H'0 Its 
solution, mixed with acetate of lead and ammonia, yields a precipitate, consisting of a 
basic lead-salt, 0®H®Pb’N“0'‘’ — TheJanam-SfiK, 0“H“’Ba"J)r-0'‘'.8B[®0, forma cryetallina 
crusts, winch give off half tihoir water at 100.° — Ihefree acid, separated from the cal- 
omm-saJt by sulphuric aoid, is syrupy. (Grote.) 

Mtbylic Tartramate, Tartramzo Ether, or Tartramethane, is obtained 
by the Mtion of aloohobc ammonia on tartaric other When cautiously treated with 
alkalis, it yields tartramio acid. Ammonia converts it into tartramide (Demon- 
desir, Compt. rend, xxxiii, 229.) 

Phewtitaethaiiio, or TAitriiANinia Aoid, 0'"H"hfO’ = C'H'’(C'’H')1I0'. 
(Arppe, Ann Oh. Pharm. xeiu. 364; Jahresb. 1866, p. 477.) — ^This compound is 
obtained by boiling tartranil with aqueous ammonia. On evaporating the excess of 
ammonia at a gentla heat, adding an excesa of baryta-water, decomposing the washed 
precipitate -witn sulphuric acid, and filtering, the tartmmlio acid separates in light 
rod warty masses and shining laminae, which may be rendered colourless by treatment 
with animal charcoal. 

Tartranilio acid is very soluble m viater and in alcohol, less soluble in ether ; it nielts at 
1 80°, and decomposes with loss of water — Its amenonmm-salt remains, on evaporation, 
as a very effioreacent, easily soluble, erystallme mass. The aqueous acid is not piocipi- 
tated by lime-water, even on addition of ammonia , but on addition of potash, a cloudiness 
is produced, and a precipitate on boiling ; neither is the aqueous acid precipitated by 
chloride of banum or caimm, even on addition of ammonia , with baryta-water it 
forms a copious precipitate, and -mthferru: chloride, a yellow precipituto 

Tartramlate of Barum, 0’^‘’H®Ba"N*0'“, is moderately soluble in boiiiug water, and 
crystallises in shining spangles. — The silver-salt, C">H"’AgN0‘, is a white somewhat 
soluble powder. " 

TARTSAIHCIBE. = C<HXNH"-)*0< = (C*H*0=)‘V^« (Demon - 

desir, loo. dt. — Pasteur, Compt. rend xxxv. 178. — Grote, foe. eti) — Produced by 
passing dry ammonia-gas into an alcoholic solution of tartaric ether It usually crys- 
tallises from pure water m holohedrol crystals ; but if a few drops of ammonia are 
added to the hot solution, the orystols deposited on cooling exhibit homiliedval faces, 
often very fldly developed. Its solution exhibits dextro- or Isevo-rotation, ncconliiig 
to^ the land ot tartaric aoid from which it has been prepared. Both varieties unite 
with ordinary active malamtde, iorming componnds wlueb have the same composition, 
but differ in crystalline form and in solubihty, the compound oontoming Iffivotnrtm- 
mido being much more soluble than the other. (Pasteur ) 

A hot solution of mcicuno oxtdo in tartramide deposits eiystallino crusts of mer- 
curotartramide, C'®H**i¥g“N*0'“(?), insoluble in water, soluble m hydrochloric 
acid, not attacked by iodide of ethyl. (Grote.) 

Oxide of silver is easily reduced by tartramide. (Grote ) 

DIPHBNVXTAIITEAIIIDB, Or Tahtbanilide, = C<II“(C“II*)*N*0‘. 

(Arppe, Ann Ch. Pharm. xciii. 362.) — Produced, together with tartranil (phenyltar- 
toiide), by the action of heat on tartrate of aniline. This salt, heated to 130° — 140°, 
gives off aniline (the neutral salt being partly converted mto the acid salt) , and at 
150°, the mass fuses, and then no longor gives the reaction of amhne with chloride of 

C^H'(0«H'>N)='0“ - 2B.-0 = 0''H'“N=0' 
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0’H'(C»H"N)0« - iB?Q = G>»H"NO<. 

Acid tartrate of Tartranil. 

aniline 

Boiling tvatsr dissolves out the tartranil . the hrown residue dissolves m boiling 
alcohol ; and the solution, on cooling, deposits crystals of tartranilide. 

Tartrauilide crystallises m colourless, naereons, slender, interlaced noodles, insoluble 
in water, shghtly solnhle in ether, moderately soluble in alcohol. It may be heated 
to 260° 'Without decomposition, meWh and decomposes at a higher tampeinturo, but by 
careful heating to aomewhat below its meltiug-pomt, it may be sublimed in sliiujng 
laminffi. It is not altered by boiling with alfealine solutions. It is dissolved with 
difficulty by hot hydrochloric acid, with partial decomposition by nitric acid, easily 
by sulphuric acid'. 

TA.RTRa.M'S'XiIC ACIDi Syn. with AulYtTAirSAUio Aoro (p. 601). 

TARTBAVZH. Byn. with PHmrmTABTBiMrOB {infra). 

VARTBAmirlC ACXR. Syn -with PBntmTAETSAino Aoin (p. 697). 

TARTRAiriXiXns. Syn., With PHiwvM'ABTfiAUinB (p. 697). 

TARTRATBS. See Tabtaeio Acid (p. 676). 

TARTRBXIC ACXD. Soluble tartaiiG anhydride (p 691). 

XARTBBTS'S'XXO AOlIt. Syn. with Eukitajitabio Aoid (p, 601). 

TARTRIMIRB. 0*H*N0* =. a .0‘H*(NII‘)0» (aoid ammonium- 

tartrate) — 2H’0 — ^This compound has not been obtained; bntphenyltartrimide or 
tartranil, 0'“H?]irO* « C‘H*(C“B.‘)NOS is produced, as above described, together 
with tartromlido, by the dohydrahon of tartrate of aniline. It may be puriflod by 
rcorystallisntion and treatment with animal charcoal, and separates, on cooling finm 
hot solutions, as a white granular powder, or in nacreous laininiB., It dissolves easily 
in water and in alcohol, sparingly in ether. It may be boated to somewhat ahovo 
200° without decomposition (the granular variety becoming orystaUiuu, and partly 
volatilising as a woolly sublimate), but melts, and decomposes at 280°. lb is tasteless, 
but reddens litmus-paper distmetly (Arppe, loo. oit ) 

TARTROOX'SrCERXC ACZS. Syn. -With GnTCamoTAnTAnia Acid (li. 893), 

TAR’XROIVIEXR'ZXZC ACID. Syn -With hlE-cnvi.TAii'iABio Aom (p. 696). 

TARXBOIirtC ACID. C’H’O' (Bessaignes, Compt rend xxxiv 731, 
3i3XTiii. 44.) — A dibasic acid, produced by the spontaneous decomposition of nitroter- 
tarie acid (p. 600); also, according to Baeyer (Talu'esh 1864, p 641), by the action 
of sodium-amalgam on meeoxalic aoid, C’H*0’ (iii. 932). It oiystaUises in rathe? 
large prisms, which melt at 160°, and decompose with formation of glyoollido 
(11. 919): 

C»H‘0’ = + CO* + H*0. 

The tartrouates of the allcali-metals are soluble in water the acid ammmum-sa/t 
crystallises in prisms ; the silner-sali contiuns 0*H''Ag'''O’. — The ^iieoua acid forms 
precipitates with argentic, plumbic, and morourous salts, and -with the acetates of 
barium, calcium, and copper. 

XARTRCVIiriC ACXD. Syn. with Etkyitabtabiq Aom (p 694). 

XARXR'srx. C'H*0*. — ^The radicle of tartaric acid. 

XARXR'srxxo ACID, Syn. -with Tabtario Acan. 

XASmAiriXE. A foaail resin occurring, in small scales or plates, between the 
layers of a rock containing alumina and ferric oxide, occurring on the Mersey Eiver lu 
Tasmania The resin, which forma fcom 30 to 40 per cent of the entire deposit, is 
translucent and reddish-brown, has a specific gravity of I'lS, hardness = 2. and a 
conolioidttl fracture. It is not dissolved by alkulis, alcohol, ether, carbonic disiilplude, 
benzene, or other hydrocarbons It is slowly oxidised by niti'ic acid, with formation of 
Sulphiine acid; odof vitnol chars it, and eUminates aulphydne aoid. By dry disl illa- 
tion, it yields oily and solid products, smelling lilco Canadian petroleum. It bium-i 
readily m the air, -with a smoky flame and offensive odour. It gives by analysis (uftui 
deduction of 8 to 12 per cent ash, consisting of sdica, alumina, and a little ferric 
oxide), 79'34 per cent, carbon, 10'41 hydrogen, 6‘32 sulphur, and 4 94 e.xvgeu, agreeing 
nearly with the formula C«H'*0*S (Church, Phil Mag. [4] xxviii 466.) 

XAtTBTtlS'-SXAXD. A clay-slate occurring in Ibe Taimus range in "WestErn 
Germany. It has a grey to violet colour, and silky iridescent lustre, and eon- 
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tflius senoite or damourite (p. 236). A sinular formation occurs at Grollnitz ' in 
Hungaiy. 

^TAUHIWB. C'^H'ITSO®.— a neutral otystaJlisaMe substance obtained A-om bile, 
and resulting from the ti'anaformation of taurocliobc acid under the influence of acids 
or of aUcolia : 

C“E«NSO' + H?0 = C’H’NSO” + 0“H«0». 

TaurochoHc Taurine. Cholic 

acid. acid. 

It was discovered in 1820 by L. Gm elin ('Tiedemann u. Gmelin, IHe Verdmtung, i. i3, 
60), who obtained it feoin ox-bilo ; it may also be prepared from the bile of most other 
animals — from all kinds of bile, indeed, which contain tauroeholic acid (St reck or, Ann 
Ch Pharm Izv 1 32 , btvn. 34 ; xci. 101). — ^It is never found in the free state in healthy 
bile, or indeed in any other of the healthy secretions, at least m the higher animals, 
but it often occurs m diseased bile taken from the dead body, especially when the bile 
baa an acid reaction. It is found also in certain moUuaos (Valenciennes and 
Fr Amy, Oompt. rend, xli 736) , in the muscles of the oyster, which close the shell , in 
the blood of the shaik , in the' liver, spleen, and kidneys of the ray (Stadeler and 
Freriohs) , in the pulmonary tissue of oxen, and sometimea in the kidneys (Cloetta, 
Ann. Ch. Pharm. xoix 289). It has been especially studied by Demar9ay 
^nn. Oh Pharm xxvii 286), by Dumas and Pelouze (tiii. xxvii. 292), and by 
Eedtenbachor {%btd Ivii 170), who first showed that iteontama sulphur 
According to the formula above given, which was estahlished by Bedtenbaoher, 

' tam'ine is isomeric with acid sulphite of vinyl-ammonium, ib re- 

latod to isethiomo acid in the same manner as alanine to lactic acid : 

C*H'(NH*)0» - ffO = C‘H'NO» 

LaetBtr of Alanlna 

C“H*(NH'')SO* - H'O » O'H'NSO’. 

hetliionoto of Taurine. 

In accordance with this last relation, Streeker has shown that it may be produced from 
isethionate of ammonium by elimination of water, and an improved method of prepni mg 
It from isethiomo acid has recently been given by Kolbo. (Ann Ch Pharm. cxxii. 

i^eparaiion — 1. FromBifr - Ox-bile (which is the kind most easily obtained in 
quantity) is mixed with Iwdrochlonc acid, and the liquid filtered from the resulting 
precipitate is evaporated down at tlie boiling heat, till it has separated into a viscous 
resinous deposit and a clear watery liquid. The latter is poured off, the resin 
rinsed with water, and the united liquids concentrated. On cooling, tboy deposit a 
large quantity of common salt, together with crystals of taurine, which must bu picked 
out and pui'ifled by recrystiillisation 

Taurine is also easily prepared from putrid bile The bUe, mixed with a considera- 
ble quantity of water, is exposed for about three weeks to a summer temperature, till it 
acquu'es a distinct acid reaction. It is then precipitated with acetic aeid; the filtered 
liquid IS evaporated , the residue treated with strbng alcohol , and the taurine, which 
remains undissolved, is orystallisod from hodmg water (Gorup -Bosanez, Ann, Ch. 
Pharm, lix. 130). As taurine may bo decomposed hy prolonged contact with ferments, 
it is important not tu allow the putrefaction to go on too long 

2 From hethwnw Jmd — a Iscthionato of ammonium is heated for some time to 
210°,'tiU it becomes solid, the residue is dissolved in water, and the solution mixed 
with a small quantity of alcohol, which throws down a brownish substance , then intb a 
laager quantity, winch precipitates tnurmo (Streeker). The product thus obtamed 
is generally small, the greater part of tile taurine suffering further decomposition. 

i8 Dry pulverised isethionate of potassium is mixed in a retort with 2^ times' its weight 
of phosplioric pentachloride The mixture immediately becomes warm, and gives off 
hydrocblaric acid and phosphoric oxychloride, after winch, on applymg heat, cjilor- 
' ethylsulphuric chloride, C-'ffSO'OF, distils over, together with mors oxychloride. These 
two substances are separated by fractional distillation, and tlio chlorotliylsulphuric 
chloride, which passes over at about 200°, is decomposed by prolonged beating with 
water in sealed tubes, mto hydroeliloric and cblorethylsnlphiirio acids The resulting 
Bolution 18 neutralised vith ammonia, and the salt left on evaporating it over tlio 
water-bath, is heated for some time to 100° in closed vessels with excoss of strong • 
aqueous nmmoma, whereby taurine la produced, together with sal-nmmoniac. Tlio 
free ammonia is then evaporated off, the liquid boated witli liydr.ite of lead as long ip, 
ammonia ooiitimics to eec.ipe , .md the filtrate, freed from lead by sulphuretted liydrogon. 
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is concentrated by evaporation: it then, on cooling, yields crystals of pure tanrine 
(Ko 1 be), The semes of reactions is represented by the following equations ; — 
O’ffSOJ + 2POl“ =. GTOS0=G1- + 2POGP + 2HC1 

Isethlonic Chlorethyl- 

acid. sulphuric 


C=H‘SO»01’ + IPO 

ChlorethyU 

"hlorlde." 


^H“01S0» + 11H» 


- HCl 

- HOI 


CTOCISO*. 



0«H>KSO«. 

Taurine. 


Prcperiies . — Tanrmo forms large, transparent, monoclinio crystals, having o 
vitreous lustre, and usually oshibiting tho combination coP . »]? » . +P . — P, 
lihe Jig 301 (u 155), also with oP and other faces. Axes a - b e *= I 4648 1 ■ 
0 06648. Anglo i • 0 = 86° 22'; ooP : ooP (orthod.) »= 68° 32'; oP : «P 
87°; +P +P(clinod.) = 137° 30', -P . — P(cUnod) ■= 189° 44'. Tho crys- 
tals grate between the teeth, and have a pungent taste ; they are neutral to vege- 
tahla colours, and pormanont at 100°, but melt and carbonise at a higher temperature. 
By dry distillation, they yield a brown ompyreumatic oil, together with a yellow 
slightly acid liquid, which contains an ammomaoal salt, and reddens fon'ic chloride 
(acetate of ammonium ?). 

Taurine is more aoluhle in hot than in cold water ; 1 pt. dissolves in 16 6 pts. 
water at 12°. It is nearly insolnblo in absolute alcohol. — Strong sulphum and mine 
a«ds dissolve it, but it is not decomposed by nitric or by nitromuriatic acid, even at 
tho boiling heat, or by dry clilorinc. — Nitrous acid converts it into isetUionic acid, 
witli evolution of nitrogen (Gibbs, SiU. Am J. [2], xxv. 30). Its aqueous solution 
is not precipitated by salts of copper, mercury, or silver. — ^Molted with caustic potash, 
It yields a residue, which, when treated with iluto sulphurio acid, gives off sulphydmo 
and sulphurous acids, and yields a deposit of sulphiu’. If evaporated slowly witli 
caustic potash, it gives up aU its ammonia at a certain stage, wilhout h'laokening , 
and tho cooled residue, if then treated with sulphuric acid, gives off sulphurous acid, 
without Bulphydiio acid or deposition of sulphur, and yields by disldllatioa a mixture 
of acetic and sulphurous acids. 

TAimiSCITS. A variety of ferrous sulphate, found on the ■Windgdllo, in the 
Canton Uri, Switzerland , it has the composition of ordinary green vitriol, hut forms 
orthorhombic crystals, like those of magnesium-sulphate. 

TAOBOCBBSTOOHOXIC ACXn. A sulphuretted acid contained in gooso- 
hilo It has not been obtained quite pure, but, according to Heintz and Wishconus 
CPogg. Ann. cviii. 647), it consists of C“H'"NSO*, differing therefore in composition 
from tauroehobc acid, and, when boded with baryta-water, yields oheuoeholio acid, 
C*'II*‘OS homologous with liyoohobc acid, C^H^Oh Ghenochohe acid is insoluble 
in water, soluble in alcohol and other, and separates from solution mostly ap an 
amorphous mass, rarely in indistinct ciystals. Its solution bus an acid rcuction, and 
gives, with sugar and snlphunc acid, me blood-red coloration characteristic of the 
biliary acids. — ^Its bammi-salt, C*'H''''Ba"0“, is insoluble in water and in ether, but 
soluble in absolute alcohol. — Hhajpoiassttim-salt dissolves easily m water and in alcohol, 
but not in dilute potash-ley. 

trA.tnBOOH01IC AGIO. C2«H''‘irSO’. Oholeio Acid. Sulphooholm Acid. 
^trecker, Ann. Ch. Bliarm. Ixvii. 80, Ixx. 166 — ^Liebarkulin and Heintz, 
tiArbuok dtr Zoochmie, p. 367 — ^Hoppe, Arch, Path. Anat.xv 128 — Oloetta.and 
Vulpian, N. Jahi-h Pharm. vii. 100.— J, Parke, Bull. Soc. Cliiin 1866, n 242 )— 
An acid occurring as a sodinm-aaltin the bile of moat animals. In the bile of serpents 
(Boa, Python), and in that of the dog, it oeenrs free from glycocholic acid ; in that of 
fishes (Flcumiectes, Gadus, Nsox, Perea), and of the sheep, wolf, goat, and domestic 
fowl, mixed with only a small quantity, and m that of tha ox, with a large quantity 
of glycocholic acid. 

TaurOchoHc acid may be prepared from dog's bile, by evaporating the decolorised 
ulcoholie extract of tho Inle; digesting tho residue with a small quantity of absolute 
alcohol, and adding ether, which precipitatesthe alkaline taurocholate in me crystaliine 
state ; mixing tlie aqueous solution of this salt with acetate of lead and a little am- 
• moiiia ; exhausting the washed precipitate ivith boding alcohol , and saturating tha 
hot filtered bquid with sulphydrie acid gas. On evaporating tho filtered hqiiid to a 
Bpiall bulk, Md precipitating with excess of other, the sjunipy precipitate .solidifli a, 
after some time, into a mass of fine silky needles of pure taiirucholic acid, whicli lu 
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contact -witli tlic air quickly changes to an amorphous trail sporont mass (Parkol 
Tauroeholic acid may ba prepared fiombilo containing also glycochoUc acid, by 
first precipitating the latter with basic acetate of lead, and tlu’owmg down the 
lauroohoho acid from the filtrate by adding more basic acetate of lead and ammonia. 
(Heintz.) 

Tauroeholic acid is easily soluble in water and in alcohol, less soluble in etlier ; it 
has a sweetish taste, with somewhat bitter aftertaste. It acts upon iiolanaed light, its 
spooiflo rotatory power being + 2i'0° for red, and + 26 3° tor yellow hght (Hoppo- 
Seyler) Inthe dry state, it may be heated considerably above 100° without decom- 
position (Parke), bnt when boiled with water, on with dlhalu,\t is resolved into 
taurine and cholic acid 

fi. H’O = G»HnirSO» + 

By boiling with amds, it is resolved into tanrme and dyslysm, together with 

other products 

0“H«HSO’ = O^HTirSO’ + 0«H'‘«0» + H’O. 

Taurooholates. — Tauroeholic acid is monobasic. The tanroeholates of the 
alkah-metals are easily soluble in water and in alcohol, but insoluble m ether, which 
precipitates them from their alcoholic solutions as pasty masses changing into crystals 
on standing. The aqueous solutions of the alkalino tauincholates froth like soap- 
water, and deposit the dissolved salt on addition of caustic potash. They give no 
precipitate with acetic acid, dilute mineral acids, or neutral acetate of lead — Basus 
aoetaU of lead throws down white flocks, soluble in boiling water, and in oxces.s of 
the lead-solution ; on adding a few drops of ammonia, a moro abundant precipitate is 
formed — Bemo chloride prodneos a precipitate easily soluble m excess. No turbidity 
is produced by nitrate of silver or by mercuric chloride — Mtiourous mtratc and 
stanmuc chlonde throw down white flocks. The solutions givo no precipitate witli 
acetate of barium, strontium, calcium, magnesium, or copper. 

Taurooholnte of Banum is obtained, by dissolving taiirocliolio acid in baryta-water, 
evaporating, dissolving in .ilcohol, and precipitating with ether, as a resinous mass, 
which quickly solidifies in the crystalline form. 

Taurocholate cf Lead — ^Tlie precipitate formed by basic acetate of lead m the 
solution of an alkaline taurocholate contains 62 at. carbon to 2^ ut lead. 

Taurocholate o) Botassmm, C“"H.*'KNSO', is contained m fish-bile, together with 
glyoooholate of sodium To obtain it puro, the bile is first precipitated by neutral 
acetate of lead, then the filtrate by basic acetate of lead and ammonia, the pro- 
cipitate IS decomposed by carbonate of potassium , and the solution is mixed with 
strong potash-ley, which precipitates the taarooholato of potassium. Bor furtlior pu- 
rification, it is dissolved in absolute alcoliol, carbomo acid gas is passed into the 
solution , tlie liquid is filtered from the carbonate of potassium wliicb separates , and 
the taurocholate is piecipitated by etiicr. It thou separates in colourless needles, 
grouped like ci'j stals of wavelhte. 

Tawocholaic of Sodmm, C^’H'^NaNSO’, is ono of the chief constituents of ox-hilo. 
It resembless tlie potissium-salt. 

TAURVIIC acxR. 0'H»Oh (Stadeler, ^Vjiii. Ch Pharm Ixxvii 17 )— A 
compound obtained, together with phenol, from cows’, horses’, and human urine It 
appears to be isomerie with anisol, benzylic alcohol, and eresol — perhaps idontical 
with the latter , but its composition is not precisely known, us it has never been 
completely separated frou phenol 

To extract it, cows’ urine is boiled with lime, and the decanted liquid is evaporated 
to an eighth of its bulk , supersaturated when cold with hjilroehlorio acid; left to 
stand for tweiity-foiir hours , and then distilled, after sepanition of tlio hippm'io acid 
deposited from it. The distillate, which contains thick greenish oily drops having a 
disagrieabln odour, is mixed with a weighed quantity of potassium-hydrata and 
rectified (whereupon it gives off, together with ammonia, a neutral nitrogenous oil 
heavier than water, and hanng die (Sour of rosemary) ; the residue is mixed with ii 
qiiautity of siilphui'ic acid snffioient to neutralise gths of the potash, and distiUod, as 
long us the distilliito is precipitated by basic aeatate of load , this distillate. Wliusli 
smells of phenol, is repeatedly rectified over common salt, till only a small quantity 
of watery liquid remains mixed with it, then repeatedly agitated with carbonate of 
sodium (to rouiova divmolio and damaluric acids, ii. 301), and exhausted with ether, 
the ethere.al solution is evaporated, the residue distilled, first with strong potash-ley 
to volatilise neutral oil, and then with acid carbonate of potassium , and this last oily 
distillate is dried over chloride of ealerara and rectified, oil containing water then 
passing over at 180°, pure oil between 186° and 196°, and brownish oil at 200° 

'Tbs liquid which pusses over between 186° and 196°, is a mixture of tauryhc and 
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phenic aoida. It is a colonrless oil, which smells like castorsum, remains liquid at 
18°, and makes a white spot upon tho skin With an equal volume ot stronq 
snlphune aeid, it sohdifies to a'dondmtie mass, the mother-liquor of which oontaiiis 
phenylsiilphuric acid. When boiled with nitno acid, it yields a mtru-aeid. 

TAUWOptlWE. Breithaupt’s name for a ferruginous bitter spar, from Preiborg, 
containing. Wording to Ettling (Ann Gh Pharm. xrix. 204), 49 07 per cent CaCO’, 
33'28 irgG0», 14 89 PeCQ", and 2-09 MnO" (= 00 33) 

TATTtf03(<Iira. A mineral allied to hucilandite, hut regarded hyBroithaupt 
as n distinct species, oeenrring in the volcanic rocks at Lake Ii.iach, near AuWnaeh 
It IS opaque, black, with viti'ooiia lustre, and crystalhsod like huddandite . hardness 
= 6 5 , specific gravity = 3 866 It appears to consist mainly of the siheates of fer- 
rosum, magnesium, and aluminium. 

TAXZKT. A resinous substance obtained from tho leaves of the yew-tree (3hav*s 
haceaia), by treatment with alcohol and tartnrio acid, two pounds of the leaves yielding 
S grams of taxin _ It is slightly soluble in water, dissolves easily in alcohol, other, and 
dilute acids, and is precipitated from the acid solutions by aUchlis in white bulky 
flocks. It is not precipitated by tannic oad or tmeture of iodine. Strong sulphuric 
acid dissolves it, with purple-red colour. (Lucas, Arch. Pharm. [2], hoexv. 146.) 

TAVUTTIW. All amorphous, purgative, hitter substance, contained m tho root of 
Ti tano't^imna Jicifohtt, Mart, a climbing cucurbitaeeona plant, indigenous in Brazil. 
(Pockolt, Arch. Pharm. [2], eiiii. 104 ) 

TOHA-3CiAKr. A blue powder, containing copper, used by the Chinese for pro- 
dncing^blue colours on porcelain. (Ebelmonand Salvdtat, Ann. Ch. Phys. [8], 

TCBXN'Ctl'SK'SaKESav. A kind of caoutchouc, less elastic than the ordinary 
kind. It IS said to flow from incisions in the stem of a tree cultivated in Kurdistan, 
and to harden in the air {Sandw. d Chem. viii 626). 

TSA. 'p>6. Thee. Folia thete—Tbe dried loaves of the toa-plont, Thea sinensis. 
This plant is indigenous and extensively cultivated in China, Japan, and the northern 
parts of the eastern peninsulo of India, and has been introduced more or lees success- 
fully into British India on tho southern declivities of the Himalayas, Java, the Kong 
Mountains in "Westara Africa, Brazil, Mndeiro, and other countries of warm and tem- 
perato climates , it appears, indeed, to be capable of flourishing in all latitudes between 
11° and 40°. It was formerly supposed that there wore two species of the toa-plant, 
Tka Hindis, yielding green, and Thea Sohea, yielding black tea; but it appears, Soni 
the recent observations of Mr Bortvme,* that either green or black tea may be obtained 
at pleasure from tile same plant 

Greonteais prepared from the young leaves, which, within an hour or two after 
they have been gathered, are roasted in pans over a brisk wood-fire After four or 
five minutes' roasting, the leaves become flaccid, and are rolled by the hands upon a 
wooden table , they are then again thrown into tho diying-pans, where they are kept 
in rapid motion, and in ahont an hour, or an hour and a half, are completely dried. 

Black tan le allowed to lie in heaps for ton or twelve hours after the leaves have 
licon gathered, they are then tossed about for some tune, till they become flaccid. At 
this stage they begin to omit a fragrant smell ; they are next rolled in balls, mth the 
hand, upon a wooden table, and a large quantity of liquid is expressed from them ; 
after which they are shaken out, rousted for a few minutes, again rolled, and, whilst 
still flaccid, are exposed to the air for somo hours upon ehaUow bamboo trays : this 
alternate heating aad rolling is repeated three or four times, end finally, the leaves are 
^ 'dried slowly over elmrcoal fires. A species of feimontation appears to occur during 
tlie drying of the leaf, in consequence of which a development of essential oil takes 
phiec, by which the agreeable aroma is occasioned : this aroma is wanting in the fresh 
leaf The change of the leaf from green to black is mainly due to chemioal alterations 
produced by the oxygon of the air upon the constituents of the leaf, and especially 
upon tho astringent principle— this change being prevented in green tea by the rapid 
prtioes§ of diying to which it is subjected. 

Many kinds of green tea, intended for the European market, are coloured by dusting 
them with afiiiely-pnlvcMsed mixhu-o of prussian-hluo and gypsum, turmeno being 
also sometimes added, but the -Chinese never colour tea intended for their own use 
Teas for the foreign market are also frequently perfumed with various sweet-scented 
liow.ers-- as roses, jasmine, oiange. Gardenia Jlorida, Oleafragram, &c. 

Tea IS subjected to numerous adulterations. It w often mixed with various leaves 

1. JOO °f Chinn anil India,” by R, Fortune (3rd ediflon, London, John Murray, 1867). 



(as thoaa of the elm, willow, sloe, &c ), dried and prepared lilce true toa-leaves ; or it is 
mixed, during the colouring piocoss nbovo montioued, with graphite, talc, &c In 
suTOO iBBtancee, preparations of copper have actually been need to give a green colour 

to tea (Gunther, J. pr Chem x 279 — ^Wnrington, Chem Gaz. 1862, p 2381 

A kind of adulteration, which has been much practised m tins country, is the work- 
ing up of spent tea-leaves, which ai'S prepared in the Chinese fashion, so asdo resemblo 
black and green tea. Sometimes also products aro sent into the markpt as«tea, or 
mixed m considerable (jiiautities with varions kinds of tea, which do not consist of 
toil-leaves ot all, but lu-e artificial mixtiu-es, made out of tea-dust, sand, and 4irt of 
various kinds, united together with paste A enhstanoa of this kind is prepared in 
GInna, and called by the Chinese “ Lie-tea,” hy the English “ gum and dust ” 

Cluimwal Conshtutim. of Tea . — ^The most impoi-tant constituents of tea are, an 
essential oil, to which it owes its peculiar aroma ; tivo uitrogeniaed bodies, viz., tliciiw 
or cafetne, and Icgiimm ; and a pecnliio.' astringent substance, or tanrvm 

Mulder (Ann Oh. Pbarm xxviii 314) analysed four kinds of tea, from China and 
Java. He found the proportion of water in all of them nearly the same, whereas 
P 6hgot (M 2lvii.«358) found the average amount of water equal to 10 per cent, 
m green tea, and 8 per cont. in black — 


Composiiton of Priecl Tea. (Mulder.) 


Volatile oil 
Chlorophyll 
"Wax 


Tannin 

Thome 

Exti active matter 


Chinese Tea 


17 80 
0-43 
22 80 


3 64 
7 28 
12 88 
0-16 
19 88 


Extractive deposit* 
Extracted hy hydiochloric 
Albumin (? legmnin) 
Woody fibre 


acid 23 60 
3 00 
17 08 


1 48 
19T2 

2 80 
28-82 

6-21 


104 34 104 04 


1-04 
12 20 

17 66 
0 60 

21-68 

20-36 

3 64 

18 20 

4 70 
105 18 


The volatile oil of tea is obtained either by distillation, or by extraction -with 
ether It is lemon-yellow, bghter than water, easily solidifies, ivsiniaes quickly on 
exposure to the air, and possesses in a high degieo the smell and taste of ten It Inis a 
powerful stimulating action, and in rather large quantities produces giddiness and 
headache, in combination inth taaimn, honoiei, it produces (according to Mulder) 
merely- a duu-etio and sudoiific action 

The properties of theme, and the methods of extr.iotmg xtfiom tea, have already 
been described under Oapitiihe (i 767). The following are the proportions of it in 
various kinds of tea, as determined by Stenhouse (Ann. Ch, Pharm xlv 366; 
xlvi. 227 ; Ixxxix. 215; eii. 126):— 


Green Hyson tea contains 

Black Congo „ 

„ Assam 

Cheap green Twankay „ 

Cheap black Bohea „ 

Black tea (average) f » 

The same „ 

Bl.ick Kumaon tea (Himalayas) „ 


1 05 per cent, theme 
1-02 

P37 „ 

0 98 

0- 70 

2 00 „ 

213 

1- 9 


P41igot ( Vun Ch. Pharm xlvii. 361) found in Hymn tea 2-40 and 2-66 per cont. 
theinc , m a mixture of equal parte of Gunpowder, Hyson, Capir, and Kaisaw tea, 2 70) 
in Gunpowder tea, 3 6 and 1 1 per cont , and by a more complete method of extraction , 
fl-21 per cent , of uhich 3 81 crystallised out from the concentrated solution, and 2 37 
were obt.iine 1 from the mothcv-hqnor by procipitatiou -with tannic acid, , 

The propu-tiun of nitrogen m tc.i, dried at 100°, is (according to Peligot) 
luPekoeteafi 68,Gimponder6 15,Souchung6"16,andAs&am6 lOpereent. Theiiqnoous 
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extract of 100 pts. dried Gunpowder tea yielded 4 30 ; of gvoea Soucliong, 470 per cent, 
nitrogen. Tile leaves, exhausted by hot water, contained, when dried, 4 6 per cent 
(/SotwAongr) and 4 40 per cent (CrKK^oiodiv) nitrogen. The exhausted leaves contain 
casein (legumin), combined witli tannin in the form of a compound insoluble in water, 
wMi^ may, however, he rendered soluble by addition of alkab. According to Pfligot’a 
detenoinatious — 

100 pis. of Gunpowder tea contain : 

"W'ater . . . JVolstile oil . . . 0-6 

' ' »• Extract. . . d?! . .60 

Exhausted leaves . „ Legumin . . .12- 

100 


lOO pts Souchong tea contain : 


Water . 

Extract . 
Exhausted leaves 


. „ Legumin 


100 


0’6 

6'0 

14'0 


In the way in which tea is generally used, namely, as a watery infusion, the legumin 
remaiBs in the spent leaves which are thrown away , but among the Mongols and other 
tribes of Central andKorthern Asm, tea is used more as an article of food than as a mere 
beverage. These people make use of aproduct called bricJe-tea, prepared in China from in- 
ferior teas, and &om the stalks and other refuse of the better sorts, which are compressed 
into cakes, either alone, or mote frequently with addition of sheep’s or buUook’s blood. 
These cakes are pounded and boiled with water containing common salt, carbonate of 
potassium, or other alkaline salt (to dissolve the legumin), and tho whole, mixed with 
fat and flour, is consumed as a thm broth. 

The tannin of tea-leaves is commonly said to bo identical with gaUotnnnio acid. 
Stenhouse, however, regards it as a peculiar kind of tannin distinct from the latter i he 
finds also that it is associated in tea-leaves with a small quantity of galho acid Ac- 
cording to B Wagner also, all tannins occurring in healthy vegetable organa are 
essentially distinct from those wliioh, like gallotannio acid, me foiuid only in diseased 
tissues like gall-nuts (see Tannio Aoin, p. 660). The tannin of tea-leaves produces a 
blue-black precipitate with iron-salts 

The proportion of ash in nnadnlteratod commercial tea varies from 4 73 to 6‘6 per 
cent.; la adulterated tea it is often much larger, in some of the Oliinesa “Lie-teas,” 
Warington found from 84 to 46 6 per cent ash. The ash of tos is especialty distin- 
guished by its large amounts of iron and manganese Pleitmann (Liebig’s Cheiriisolm 
Bnife, 4te Anfl. ii. 182) found in an infusion of 70 grins, of Pekoe tea, 0‘104 gi-m. 
ferric oxide, and 0 20 gnn. manganous omde.* Lehmann found in the ash of tea-iufu- 
siou 0 7 per cent, manganic oxide, 

Tho Killowmg are analyses of toa-ash; a and b of “ iSoKc/iCtig,” by Spooner, 
c, “ Oolcmff,” by Tovis : d, “ Youiw Bt/scni;' by Hague; e, "Mng Young," by Homer; f 
/, dry aqueous extraofc of tea, by Lehmann | : — 
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Ths phyaiologioal action of tea, -when used as an infusion, depends chiefly on the 
theine, essential oil, tamiin, and morganio constituents. In general, it may be said 
that tea acts upon the nervous ^stem ■ when taken in moderate quantity, it heightens 
the activity of the brain, accelerating the flow of thought, and producing a pleasitrable 
mental exoitoment ; in excess it occasions sleeplessness and uneasiness, whi<A may 
amount to anxiety, trembling, spasmodic attacks, &c. It, moreover, inmeases the 
action of the heart, the excretion of urea, the perspiration by the skiSl ,and the 
peristaltic motion of the intestines (Liebig, Olieimsene Bn^e, loc. eit). I/4hmann' 
{Lehrh. d. fhymlog. Charm, i. 161) also found the excretion of urea increase after 
t.ikiug tea, Booker, on the other hand (Archiv. f wiss Heilk. 186S, i. 2), found! it 
diminished. Farther and more extended expeouments are required to decide whether 
the use of tea accelerates or retards the change of tissue in the organism (See Eiiapp's 
Chemsahe Teohnologie, 1848, li. 84.) 

TEAK. Tectom grandts . — ^The wood of this tree, which grows in the South of 
India and other tropical countries, frequently exhibits cracks and cavities of con- 
siderable extent, lined with a white crystallmo deposit, consisting chiefly of hydi'O- 
caloio orthophosphate, Oa"!BDPO' H“0, with about II 4 per cent ammonio-magnosi.in 
phosphate. (Abel, Ohera. Soo Qu J xv. 91.) 

TEARS. See SEuoua Fmnns (p 238). 

TECTZZZTE. A brown mineral, supposed to be a hydrated ferrous sulphate, 
occurring at Sohwarzenhetg in Saxony, and at BrS,unBdorfl?in the Erzgebirge, in small 
pyramidal and aoioular crystals, and massive Hardness =■ 1'6 to 2 It is easily 
soluble in water, and attracts moisture readily. (Dana, ii. 388 ) 

TECTOKA, See Tbax 

TEETH. (V on Bibra, Chem IJntersuch. uber die Knochen n. Zdhne, 1844. 
FrAmy, Ann. Oh Phys. [3] xhu. 47.— Hoppe, Viroh. Arch. v. 170; xxiv, 13) — 
— The typical mammulian tooth consists of daitme, enamel, and cement, or anusta 
‘petrota. Under the microscope, a tliin section of dentine presents the appearance of a 
number of flue tubules, following a wavy hut nearly parallel course from tlie pulp- 
cavity towards the exterior of the tooth ; these tubules give oif minute branches liom 
their sides, and, us they approach the periphery, rapidly subdivide Enamel seems to 
bo made up of short prismatio fibres, while cement differs from hone chiefly in the 
absence of Haversian canals Among the diflferent kinds of animals, vary great 
variations in the arrangement and relative proportion of these three omiatituonts are 
observable, and the teeth of some of the lower vertebrata present special modifications 
of tissue known by the names of vaeodcmttne, &c. &c. 

Bach of these dental tissues consists, like hone, of certain inorganic matters united 
(in a definite ratio, there is reason to believe) with an organic basis In cemaii the 
organic basis is identical with that of bone The greater part of the organic matter 
of dentine is also resolved by prolonged boiling into gelatin, but the proper walls of 
the dentinal tubules appears to be composed of a material which cannot bo so 
resolved. The organic basis of the enamel does not yield gelatin, hut seems rather 
to be allied to the chemical basis of epithelium 

The proportion of inorganic to organic material, and the composition of the former, 
will readily be seen from the following analyses, Zalosky (Hoppe-Seyler, TJnter- 
such. i, p. 40) found in the ash of the enamel of fosail rhinoceros-tooth •692 per cent, 
of flftoride of calcium Hoppe calls attention to the analogy between the inorganic 
portion of enamel and apatite. The enamel of undeveloped teeth contains a form of 
albumin ; — 


Ancdyate of Enamel. (Hoppe) 
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TEKORBTIIjr> A resin found m fossil pine-stems in the liogs of Holtegaard in 
Denmark. It crystalliaBs in la^o prisms, moiling at 4S®, insolnUe in water, slightly 
soluble in alcohol, Tory solubla in ether It distils withont alteration near the boiling- 
point of mercury. Ohlormo converts it into a crystalline substance. Nitric acid 
transforms it into oxalic acid and a brown rosin, apparently containing nitrogen. It 
gave, as the mean of four analyses, 87 17 per cents carbon and 12 84 hydrogen, agreeing 
approximately with the formnla (Forchhammer, Ann. Ch. Pharm. rfi. 89.) 

TEliAESXIT or TEXiESCZN'. Aproductformed, accor&g to Eochleder (J pv. 
Ghem. Ixxxvii 22), by the action of aqueous amds or alkslis on aigyrmscin, aphtodsa- 
BOin, and asseinie acid, constituents of me cotyledons of horse-chestnut seeds (iii. 172).' 

TEEER'ZTBRIlV. A product of the decomposition of orseUinic ether (iv. 236), 
formed, according to Kane ^Aun. Gh, Pharm. xxxix 36), when the ether dissolved in 
hot water is exposed to the air for several months ; it is probably a mixture, chiefly 
consisting of orcin and erythromanmte. 

TEHESIE, Syn with Ookumbum: (ii. 86) 

TEEIiTTRAniYXi. See Aarn,, Teixiiiotib op (i. 206). 

TEEEtnKATES. See Tbixueium, Oxidss Ann Oxtobit-acids of. 

TEEEVRETB'S'I.. See Bthxi-, TBLLOBrDB OP (h. 650). 

TEEX.irBHYSBlC ACIE. H’Te. See HroBOODN, TnnumniB op (iii 204). 

TBEiiViuc ACIB. See TEtnunTOu, OxnnsB Airo OxTOim-Aonis op. 

TEI.EXrRZC BISKUTK. See TBiiWimiis. 

'XEiiETntIC OCBRE. Native tellnroiis oxide. 

TEZiXiVRIC SIZ.VBR. See TEnuunniBS. 

T]E!ZiZ.irBZDEa and TBBEBRR'Z'BRATSS. Gomponnds analogons to the 
bulphnlos and sulphydriites, and to tile selemdes and selenhydrates The teUurides 
belong to the class of metaEio alloys • those of bismuth, gold, lead, aud silver are 
fonud'native ; the others may be obtained by fusing the respective metals with tellu- 
rium, or (in the wot way) by precipitating solutions of the metals with teUnrhjdno acid 
or an alkahne teUnrhydrate Tho tellurides of potusanim. and sodium are prepared liy 
heating powdered tellurium with an alkaline carbonate containing flnely-duided 
charcoal — black flux, for instance. The access of air to tlio mass must be prevented 
till it IS quite cold, on account of its highly pyrophono nature. It may then he ex- 
hausted with water, in which the alkaline toUiuides dissolve, being probably converted 
into tellnrhydrates. They may also he formed bypassing telliu'hjdric acid gas through 
solutions of caustic alkali. Tellurhydrale solutions have a portwine-colow, and de- 
posit tellurium on exposure to the air. 

Telluride of Bismuth,— This alley oecnis native in several localities, forming 
the mineral called Telluric Bismuth, Teti aiynuts, or Borrute Some specimens contain 
only bismuth and tellurium, but genevnlly the tellurium is partly replaced by sulphur 
and selenium It foi-ma erj staJs belonging to the hexagonal system, namely acute 
rhombohedrons, having the angles of the terminal edges ■= 66“ 40', eoinhuiod (accord- 
ing to Hai dinger) with the basal face oB, and aggregated m cruciform groups of 
four inchviduals It cleaios perfectly p.irallel to tile base, and thin kminm are more 
or less flexible, also somewhat clastic. The mineral likewise occurs in granulu-lami- 
uar masses Hardness =■ 1 to 2, Specific gravity = 7 2 to 7 D. Before the blow- 
pipe it melts with tolerable fiioihty, coating tho charcoal with a yellow and white 
noposit, the reaction varying in character according to tho proportion of sulphur or 
selenium present It dissolves in nitric and in sulphuric acid. 

The variations in composition of this mineral will bo seen from the following 
analyses * . — 
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The great variatioaa in the proportion of tellniimn to bismuth, and the feot that the 
crystalline forme of the mineral and its two constituanta belong to the same system 
(bismuth, rhombohedral ; tellurinm, heiagonal), lead to the conclusion that it is not a 
definite compound, hut an isomorphons mixture of tellurium and bismuth. It must 
bo observed, howeret, that many Of tbo aualysos — namely, tliose by Genth of the 
specimens from Virginia and Georgia, which contain no sulphur and httle nr no 
selauium — agree nearly with the formula Bi'^Te’ (reqmring 69’9 percent, bismuth, and 
48'1 tellunum); and that those by Berzolms, Wehrle, and Hruechauer may he repre- 
sented approximately by Bi-'Te'S. 

Tellnride of Cold attd Silver. See STtVAMTB (p 647) 

Tellnrlde of Bydrogen. See Hipbogek, Tutnuiuna of (lii 204) 

Tellorlda of l<eadi PbTe AHmte. Cithio Tellurimn . — This mineral 
oouiire in the mine of Sarodinskoi, near Barnaoiil in the Altai, usually massive, with 
cubic cleavage, rarely iil cubic crystals, ll has a metallic lustre and tiu-nliite colour. 
Ilka that of native antimony Hardness ■= .8 to 0 8. Specific gravity = 8 159 
Sectile. Before the blowpipe it volatilisos in the reducing flame, leaving only a mmiite 
bead of silver, and colours the flame blue. It is soluble in nitric acid. It contains 
38 37 per cent, tellurium, 60'88 lead, and 1'28 silver (G Eose, Pogg, Ann xvni. 68), 
and is therefore PhTe (38 3 tcUiusum, and 61 7 lead), mixed with a small quantity of 
silvei-telluride. 

Tellurlde of Silver, Ag-To. Eessitc. Fetzite. Silelluret of Silver . — Occiits in 
the Savodmskoi mine m the Altai, at Nagyag m Tiunsylvania, and at Eetahanya in 
Hungary, in coarsa-gtainad masses aud granular, with metallic lustre, lead-gioy or 
steel-grey colour, and slightly malleable. Hardness « 2 to 3'6. Specific gravity = 
8’3 to 8 0. Before the blowpipe on oharco.al, it molts to a black globule, which on 
cooling, after being subjected to the action of the reducing flame, exliibits points or 
dendrites of silver on its surface. Heated in a tube, it melts, and colours the glass 
yellow. Fused with carbonate of sodium, it yields a globule of pure silver 
Analyses ~a,b. Prom the Suvodinskoi mine (G Bose, Pogg Ann. xviii 64). — 
e Prom Nagyag. (Petz, ibid Ivn 470)— d, « Prom Betzhanya (Eammelsberg, 
Mincralohemis, 1 ?, 15) d massive, s granular with green coaling, after deduction of 
18'28 per cent, insoluhle matter. 

abed. c 

TpUurnim . 36-06 36-89 37 78 . . S3 0 

aUver . ' . 62 42 62-32 61-56 60-28 64 5 

Gold .... . . 0 69 ‘ 

Iron . . 0-24 0-60 

9?62 9971 lOtm . ! 976 

The formula Ag’Te requires 37-27 per cent, tellurinm, and 62-73 silver 
Tellurldes, Organlo. See Aunri,, Etkvi,, MucHirt, TutiiJiMBss op (i. 206 ; 
11. 560 , iii. 992). 

The alcoholic lellurideB obtained by Wohler have the composition B'*Te.— Cahoiirs 
has lateljf shown (Compt. rend. lx. 20, 1147 , Jiihresh. 1865. p 447), that telluride of 
methyl unites directly with iodide of methyl, fonninga eryatallrae compound, ( OH®)*T6T, 
sparingly solulilo in water, easily soluble m alcohol. This iodide, treated with oxide of 
silver, yields an alkaline product, which, when ueutraliaed with hydrouhloric acid, forms 
with platinic chloride, an orange-colour^ donhle salt, 2(CH“)®Te01 Pt'^CB. 

Tellunde of ethyl unites m like manner with iodide of ethyl, forming the compound 
(0'H*)“TeI, and corresponding eomponnds are formed by the sulphides and selenides 
of ethyl and methyl with the iodides of those radicles 
TSXilb'lTBtTES. Sea TEiHnaoM, Oxiuss and OxYG-BU-Acins of. 
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TEll^tTBima. Symbol, Te jiiormc Weight, 128. Vapowr-denaity, obs. at 
1300° = 900; oalo. (Ivol) = 886 

This element, though deeidedly metallic, must be classed as a member of the 
sulphur family, as it approximates very closely m its chemical characters to sulphur, 
and still more to selenium It was first identified as a distinct metal by Klaproth, 
in 1798, who gave it the name •‘tellnnnm. ' ftom teltua, the mythological name of the 
earth 

Tellurium is one of the rarer elements, being found in a few localities only, chiefly 
in Hungary and Transylvania, in the silver mine of Savodinakoi in the Altai, and 
in the State of Virginia. It occurs native in a state of considerable purity: a 
specimen from Hagyag was found by Petz to contain 97 22 per cent, tellurium and 
2 78 gold , and Klaproth found in a epecimen from the Maria Iiorotto mine, near 
Zal.ithna in Hungary, 92 53 tellurium, 0 26 gold, and 7 20 iron. The principal 
ores of tellurium ai'e the tellurides of bismuth, lead, gold, and silver, ah’eady described 
(iv 1 , V. 707, 708). 

IPreparation. — ^TeUurium is separated from its ores by processes analogous to those 
which yield selenium (p 221) — 1. Native teEunde of hismuth, freed as far as 
possible from its matrix, and made into a jjaste with pearlash and oil, is gradually 
raised in a covered crucible to a fuU white heat , and the fused mass when cold is 
treated with boibpg water, which extracts teliiinde of potassinm, forming a portwine- 
colourod salution, from which the tellurium is deposited in metalhc scales, by puasing 
a current of air through it, or by mere exposure to the air.— 2. Kinely pulverised 
foliated teUiirium, or nagyagite (iv 1), freed from sulphides of lead and antimony by 
repeated boiling with hydioehloric acid, and washing with water, is heated with 
strong nitric acid, whereby telhvrous acid is obtained in solution. This is evaporated 
to dryness, and the residue, after solution in hydrochloric acid, is reduced by a 
current of sulphiu’ous acid gas. Por further detmls, see Gmclm’i Bandbooh, iv 393. 

Properties,— TeUiirinm is a tin-white, shining, brittle metal, having a groat tendency 
to orystaUisB The crystals belong to the hexagonal system. Native tellurium occurs 
in I’hombohodral cry stals, isomorphous with those of antimony, arsenic, and bismuth, and 
cxliibitmg the faces II, with those of derived rhoinbohedtons , also oE and ooE. . 
Length of principal axis, for B = 1 3298 , angle E . E in the terminal edges = 86° 
67' The opposite rhombohedrons +E and — E likewise occur together, forming a 
hexagonal pyramid (in combination with ooP and oPi, in which the angle P . P in 
the terminal edges ■= 180° 28'; in the lateral edges = 113° 62', Cleavage perfect 
parallel to mE ; in ti'aoes parallel to oE. According to H Eose, tcUurium sepa- 
rates from a solution of potaBsium-tellnnde, by spontaneous decomposition, in six-sided 
prisms with rhombohodral summits. 

ToUuruim conducts heat and electricity, though not very readily. Its speciflc gravity 
is 6 1 to 6 38 , hardness of the native meUl = 2 to 2 5 It melts at about 800°, 
volatilises at a higher temperature, and condenses in ciystaUine needles, or in drops. 
It may bo purified by distillation in a current of hydrogen Its vapour-density, as 
determined byDeviile and Troost (Jahresb 1863, p 17), is 9 00 at 1390°, and 
9 08 at 1439°. The vapour has a gieenish-yellow colour, like that of chlorine-gas 

Tellnvium, wlien strongly hsated in tlie .ur, takes flro, burns with a lively blue 
flame edged with green, producing white fumes of tellurous acid, and emitting a pecu- 
liar odour, often paitiy due to fte presence of tiaces of selenium (Eespeeting the 
spectrum of its flame, sea J, 'Worther, J. pr Chem. Ixxxviii 180, Jahresb. 1863, 
p 235) — ToUurium, like sulphur and selemnm, dissolves to a slight extent in cold 
strong sulphunc acid, and is precipitated unchanged on dilution with water , but 
when heated with strong sulphmie acid, it is oxidised and dissolved as tellurous oxide, 
while sulphurous anhydride is evolved as gas —By strong mtrto acid, it is quickly 
converted into tellurous acid. — Bydrocldorxa acid has no aobou upon it ; but with 
nitromimatio acid, it yields tellurous mixed with telluric acid — ^By fusion with auli- 
petro, it yields tellurate of potassium — Stiong potash-ley dissolves tellurium at the 
boiling heat, forming a rod hquid eontaming tellnride and tellurite of potassium. On 
cooling, or on dilution with water, however, the rod colour disappeara, and tellurium is 
separated, in consequence of the reducing action exerted by file potassium on the 
e urous aci . ^ ^ ^ 

Tellurium, fused with carbonate of potassmm, likewise yields a mixture of tellnride 
and tellnnte. 

TeUurium, in its chemical relations, bears a very dose analogy to sulphur and aele- 
nium. It forma two oxides — namely, tellurous oxide, TeO', and telluric oxide, 
TeO’ — which, in combination with water and wifli metallic bases, yield acids and salts 
analogous to those formed by the corresponding oxides of sulphur and selenium — 
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With hydrogm, it forms a gaseous compound, H^Te, analogous to sulphycbic and 
selenhydno acids It unites also -with the alcohol-radicles, methyl, ethyl, and amyl, 
forming compounds represented by the general formula Il'Te, which are diatomic 
radicles, analogous to tlv selenidos of the alcohol-radicles, — ^With chlorine it forms a 
tetrachloride, TeCl^ analogous to SeOl^ and a dichloride, TeCl”, to which there 
does not appear to be any definite analogue among the sulphur- and selenium-com- 
pounds (pp. 223, 683); and similar eomponnds with t^ominc and iodine. The inorganio 
compounds of tellnrium have been studied chiefly by Berzelius , the organic compounds 
by Wohler. 

TBMtntltrWt, AI.X.OTS OP. See TBlionniES (p. 707). 

TBXiBVBIina, SROMXDISS or. The dibromide, TeBr* is produced by 
distilling the tetrabromide with finely pulverised tellurium, and passes over as a 
violet vapour, which condenses to slender, black, needle-shaped crystals. It melts 
easily, and is decomposed by water with formation of teUurous acid. (Berzelius ) 

The tetrabromide, TeBr*, may be prepared by adding finely divided toUmnum, 
with frequent agitation, to bromine contained in a tube cooled with ice, and distilling 
oflf the excess of bromine after all the tellurium is dissolved (Berzelius). According 
to V. Hauer (J. pr. Chem. Ixxiii 98), it is more easily prepared by covering small 
pieces of teUuimin with hydrobromic acid in a flask, then adchug bromine, and leaving 
the flask closed tdl all the bromine has disappeared, the action being assisted by 
shaking the flask from time to time. The ruby-coloured solution thus obtained yields 
the dry compound by evaporation over the water-bath. 

Tetrabromide of tellurium forms a compact red-yellow mass, which melts at a gentle 
heat to a dark-red transparent hqiiid, and solidifies in the crystalline form on cooling 
It may he sablimod without decomposition in pale-yellow needles. It dissolves without 
alteiation m a small quantity of water, forming a yellow solution, which becomes 
ooloui'less on dilution, the tetrabromide being thereby resolved into hydiobromio and 
telluious acids. Tho yellow solution evaporated over the watei’-bath deposits the 
hydrated teti'abromide in ruby-coloured crystals. 

Tetrabromide of tellurium forms cinnabiw-red compounds with the bromides of the 
■ alkali -metals.— The ymtowm-safr, 2KBrTeBr‘ 3H-’0, was first obtained^ Berzelius, 
by evaporating a mixed solution of the component salts. According to v. Hauer, it is 
better prepared by mixing 1 at finely piilvensed toUm-ium with 2 at. bromide of 
potassium in a flask, and adding water till the bromide is completely dissolved, then 
adding bromine by small portions, with frequent agitation, and leaving the flask 
closed tin aH the bromine has disappeared. On warming the resulting dark-red solu- 
tion, to expel tho excess of bromine, decanting it Irom a yellowish deposit which 
forms, and leaving it to cool, the double suit separates in dark-red, opaque, shining 
eiyslals, whieh effloresce superficially in dry air It is slightly soluble in cold, easily 
m hot water. 'When heated, it gives oflP its water of orystallisation without melting. 
The anhydrous salt, which is orange-yeUow, decomposes at a higher temperature, 
giving off tetrabromide of tellurium. 

XEIilVBHiM, CHI.ORIDES OP. The diohloride, TeCl®, is formed by 
distilliug a mixture of equal parts of ftnoly divided tollurium and the tetrachloride 
(Berzelius), or by passing chlorine slowly over strongly heated tellurium or native 
talluride of silver. It may be freed from adimxed tetrachloride by frnotioiial distilla- 
tion (H. Rose). It 18 a blade amorphous mass, having an earthy fracture, molts 
easily to a black liquid, and is much more volatile than die tetracldoride. Its vapour 
IS purple when mixed with am, yellow when pime, "When exposed to the air, it 
absorbs moisture, hut does not fume. Wlien mixed with water, it becomes milky 
from formation of tellurous acid Hydrochloric acid decomposes it, sepaintiug half 
the tellurium in the metallic state, and dissolving the other half aa tellurous acid. The 
dichloride may he fused in all proportions with metallic tellurium, or with the tetra- 
chloride. 

Tetrachloride of Tellurium, TeCB, is ohtainedby gently heating tellurium in a 
stream of chlorine-gas, till a dark-yellow liquid is produced This liquid turns yellow 
on cooling, and erystailises to a white mass at tlie moment of solidification. Tho 
tetrachloride iqelts easily to a yellow liquid, turmng red near its hoiliug-pomt . it is 
not very vol.itilo, but forma a dark-yellow vapour when strongly heated It is very 
deliquescent, and i.s decomposed by cold water, with eepnration of a basic salt und 
tellurous acid Boiling water dissolves it, the solution on cooling depositing crystals 
of tellurous acid Dilute hydrochloric acid dissolves it without alteration. 

Hy mixing a solution of the tetrachloride with chloride of ammonium or chlonde of 
piitacmm, double salts are formeil, which crystallise m lemoii-yollow oolaliedrons — A 
compound of the tetrachloride with ohloride of alummiim, 2A1C1* ToOk, is obtained, 
according to K. 'Weber (J pr. Ohem. Ixxvi. 313), by melting tho two chloiides to- 
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grtlier, aud eipeUing any excess of aluminuim-chlorido that may ha present by gentle 
heating This double chloride is a yilloffish-nhite, easily fusible mass, very soluble 
in dilute sulphuric acid. When heated nearly to its boiling-point, which is very high, 
it iH piirti.iUy decomposed, leaving a residue richer in tellurium. 

TetiMohlonde of teUurinm quietly ahsorbs ammonm-gas at ordinary temperatures, 
swelbng up, and changing to a greenish-yellow mass of tho compound iNff.TeCl'. 
Tins compound is permanent in the air, hut is decomposed by water into talluroiis 
acid and sal-ammoniao. When heated, it gives off sal-ammoniae, hydrochloric acid, and 
nitrogen-gas, while tellurium is separated. (Espenschied, J. pr Ohem. Ixxx. 
480.) 

TBX.X.\TUITna, DETBCTlOiar AND ESTIIUCATIOir OF. 1. Blowpipe 
reactions — ^All compounds of tellurium are easily reduced on charcod in the inner 
flame, the reduced metal being volatihsed, and forming a white deposit of tellurous 
oxide on the charcoal With borax and nmroaosmus scdt, tellnrons oxide gives a clear 
colourless bead, which, when heated on charcoal, is rendered grey and opaque by |the 
reduced metal The oxides of bismuth andantimony, when reduced on charcoal 
in the inner flame, also give white incrustations, which may be confounded with telln- 
rous oxide Antimonious oxide, however, when heated in the mner flame, gives a 
bluish tinge, whereas tellnroiia oxide imparts a fine green colour to the outer flame. 
Moreover tellurous oxide, when heated in a tube open at both ends, volatilises entirely, 
forming, on the cool part of the tube, a white sublimate, winch, by careful heating, may 
be fused to colourless di'ops. Antimonious oxide, on the other hand, is only partially 
volatilised, being partly converted into the non-volatile oxide, SbO® , the sublimate 
may be driven frum one part of the tube to another by heat, but does not fuse into 
drops Bismnth-oxide similarly treated gives scarcely any subhmate, but melts to a 
dark-brown liquid, which becomes palo-yellow on cooling, and corrodes the glass 
Prom selenium, which it resembles more closely than any other element, tellurium 
is distinguished by the odoiu’s emitted when the compounds of the two elements are 
heated on elurcoal before the blowpipe, pure tellurium omitting only a slightly acid 
odour, whei'uns selenium emits a powernil odour of decayed horse-radish, traces of 
solemum existing in tollnrinm-componnds are easily detected m this manner (p. 
224) 

2, Beaoiions in Solution — All native tellnrium-componnds are insolnhlo in 
water, but soluble in nitric acid. Among the artificially prepared compounds, tho 
tellurites of the alkali-metals, and also the tellurates (in the hydrated etate) are easily 
soluble in water , the tsUurites and tellurates of tlie other metols aroiusolnble or spar- 
ingly soluble in water, but for the most part soluble in hydrochloric acid. The tellu- 
ridos of the alkali-metals are also soluble in water, and their solutions, when exposed 
to the air, decompose quickly, with separation of metallic tellurium. Tellurous 
acid (hydrated teUuroua oxide) dissolves easily in acids , the solution in nitric acid 
gradually deposits anhydrous tolluric oxide. In solutions not containing too great nn ex- 
cess of acid, especially indhe hydrochloric acid solution, water throws down a meeipitato 
of tellurous acid. Tho hydrochloric acid solution of tellurous oxidew yellow. Telluric 
acid IS distinguished iom tellurous acid by its greater solubility lu water Tho salts 
of the two acids are distinguished fiiom one another by tho fact that the tellurates, when 
heated with hydi'ochlorie acid, give off chlorine, which is not tlie case with tho tellu- 
rites. Moreover, the solutions of tellurates in hjdroclilorio acid are colourless, and are 
not precipitated by water like those of the tellimtes, even when there is hut httle free 
hydrochloric acid present 

Sul^hgdno aoid produces immediately, in acid solutions of tellurous oxide, a brown 
precipitate of tellurium-sulphide, easily soluble m sulphide of ammonium , m acid solu- 
tions of telluric oxide, the same precipitate is formed after the liquid has stood for 
some time in a closed vessel, and in a warm place The colour of tms precipitate dis- 
tinguishes it from all other metallic sulphides which are solnblo in sulphide oi 
ammonium (that of selenium’ ^ tannous sulphide , hut solutions 

of stannous salts are easily of teUqrium-salts by their re- 
action with chloride of gold, forming witli this leagent any 

precipitate resembling tbe purple of Cassius , moreover, solutions of teUiu-ous oxide 
yield, ivith ammonia and alkaline carbonates, a white precipitate easily soluble in 
excess of the alkaline reagent, whereas the precipitates farmed in like manner with 
stannous salts are insoluble in excess Solutions of tellune oxide give no precipitate 
with alkalis. 

Sulphurous amd and cdkahne sulphifm produce, in acid solutions of tcUuious or telluric 
oxides, after some time in the cedd, or immediately on heating, a black precipitate of 
metaUio tellurium. A sunilnr precipitate isformed by solution of stannous oMonde and by 
metallic einc. The precipitate of selenium formed by the same reagents in a solution 
of selenious acid is red. Tho precipiUted tellurium may also be distinguished from 
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Beleniiuiii by its reaetion with sobition of patasmm-eymide, ■which dis‘!ulv.e» selenii™ 
but not telmruvm ; farther by its behaviour before the blois^ipe (p. 711), and lastly, 
I'V diBSol'ving the precipitate in nitric acid, nitromiiriatie acid, or a mixtuf a of hydro- 
chloric acid and potaesuira-ohloiate, neutralising the solution, after complete oxidation, 
■ffith carbonate of sodium, evaporating to dryness, fusing the residue at a moderate 
heat with nitre, disaolvmg the product m water, acidulatin| with nitric aoid, and 
adding chloride of hamm._ Selenate of banum is then precipitated, whereas tehurate 
of barium remains in solution. 

3. Xstimatmn and Separation . — ^Tellurium is mostly estimated in the metsllio 
state. If It is present in smution in the form of tellurons acid, as is always the case 
when tellurium-ores ore treated with nitno aoid, it is best precipitated by mlphurom 
aoid or an alkaline sulphite. The tellnnnm thereby sopaiatod is collected on a 
■woighrd filter, carefully dried at a gentle heat, and weighed. If the toUnrous acid is 
combined with bases in such proportion that the solution does not exhibit an acid 
reaction, it must be mixed with hydiochlone aoid m sufficient quantity to redissolve 
the precipitate of tellurons acid formed at first. It is best also to concentrate the 
hqnid ss mncli as possible before adding the reducing agent, as the tollunian is then 
separated more quiekly and completely 3ian from a more dilute solution. The solu- 
tion thus prepared is to he heated in a flask, but not to the boiling-point, and the 
solution of alkahno sulphite gradually added . the tellurium is then precipitated as a 
black bulky powder. Nitric acid, if present, may vitiate the result by reomdising part 
of the reduced tellutium • it should therefore be previously removed by warming the 
liquid with hydroohlorio acid. If the tellurium is present as telluric acid, the latter 
must first ho reduced to tellurons acid by heating the solution with hydrochloric acid 
as long as chlorine continues to escape. 

The method of reduction by sulphureiis acid or alkubne sulphites, serves to separate 
tellurium from the tellurites and teUurates of the alkali-metals, and of other metals 
which are not precipitated by eulphydne acid. If the quantity of slkali-metal is 
to be llkevnse estimated, tbe reduction must of course be effected by sulphite of am- 
monium or 6ce sulphurous acid , in the latter case, the solution must he digested for 
eome days with excess of aqueous sulphurous aoid, in a closed vessel placed in a wawn 
situation. The separation of tellurium from the tellurites and toUuxates of these 
metals may also be efieeted by precipitation -with sntphydrve add. As the precipitated 
tellurium-sulphide is generally mixed -with free sulphur, it must he digested, ■while stiU 
moist, mth nitrom^uxiatic acid, or better, ■with hydrochlorio acid and potassium- 
chlorate, and the tellurium precipitated fimm the filtered solution by an alkaline 
sulphite, as above. Tolhmic acid must first be reduced to tellurons acid by heating 
■vsoth hydrochloric acid. 

Rum the tellurites and teUurates of metals which are precipitated by sulphydric 
acid, and form sulphides insoluble in sulphide of ammonium, tellurium may he sepa- 
rated by Bupersaturating Uie solution with ammonia, and digesting it at a very gentle heat 
with excess of ammnium-sulphide The sulphide of tellurium then romams dissolved, 
and may he precipitated fi'om the filtered solution by acetic or very dilute hydrochloric 
acid, oxidised ae shove with nitromuriatio aad, &o , and tho teUuriiim precipitated by 
an alkaline sulphite The same method may be used for separating tellurium from 
iron, cobalt, nickel, zinc, and manganese. It is, however, not so advantageous in any 
case as the precipitation with ulkalme anlphites, because it is difficult to ensure tho 
complete solution of the teUuiiuni-sulphido in eulplude of ammouium. 

Rom all metidt, which form non-volatile dilorides, tellurium may be separated by 
igniting the compound in a stream of cUoram, whereby it is volatilised as dieliloride 
or tetr.iclilovido, according to the rapidity of the steeam of gas. The volatihsed 
chloride is passed into water aciduhitcd ivith liydroclUoricaeid, in which the tetra- 
ohlonda of tolhinum dissolves completely, the didilonde ■with separation of tellurium. 
The tellurium is then reduced from the solution by an alkahne sulphite. 

Another method of separation, applicable m most eases, is to fuse the compo^und 
■with 3 pts. dry soduim-ciirbonate and 3 pts sulphur in a covered crucible, and digest 
the mass -when cold with water. The metals combined with the tellurium then 
remain as insoluble sulphides, while the telluri^um dissolves as sulphoteUunte of 
sodium. From this solution tho teUurium-siilphide may ho precipitated by a dilute 
acid, and teoated as above for the determination of the tellurium. 

From autiniony, arsenic, and tin, tellurium may be separated by precipitation 
with alkaline mdphites 

From selenium and sulphur it is separated by fusion -with poiaesvam-oyanide, m 
the manner already dasenbed under Seussium (p 226), 

i Atomic Weight of Tellurium . — Berzelius (Pogg. Ann. xxviii. 392) deter- 
mined the utoinie weight of tellurium by ascertaining the increase of weight of the 
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metal when converted into tellurons oxide by oxidation ■with mtcic acid. In three 
experiments, 

1-2726 grms. 1-6716 gnus, 2-88126 ems tallarinia 
yielded 1 6896 „ 1-9866 „ 3-6000 „ TeO’; 

whence Te = 128-41 128-29 128-27, 

or, as a mean result, 128-34. BerzcHtiB, however, pves the preference to the second 
and third experiments, which give Te = 128 

V 0 n H au 8 r (Wien Atad, Bar. xxv, 136), by precipitating bromide of tellnrhim and 
potassium, 2KBr.TeBr’, with nitrate of silver, obtained, as a mean of five closely agree- 
ing experiments, 69 924 per cent bromine, whence (if Ag = 108-1, Br = 80, 
K ■= 39-2), the atomic weight of tellurium is found to be 128-08. 

Bum as (Ann. Oh. Bharm. cxiii. 80), from expenments not yet published in detail, 
concludes that Te «• 129. 

TEI<I.imXTTin, FXitTORIBE OP, Teh— Produced by dissolving telliiroua 
oxide in hydrofluoric acid. The solution evaporated over the water-bath leaves a 
colourless syrup, which on eoohng deposits milk-white nodules, probably an oxy- 
fluoride 

ZOOZDBS op. The di-iod%de, Tei», is produced by gently 
boating tellunum with iodine. The excess of iodine then volatiUses, leaving the com- 
pound in ahming black crystalline flocks It is easily fusible, and gives off iodine 
when strongly heated. Water has no action upon it (Berzelius.) • 

The teira-iodide, TeB, obtained by digesting finely pulverised tollnrons oxide 
with bydi-iodio acid, forms soft black granules, which stain the fingers. It is ver^ 
unstable, and molts, with evolution of iodine, when heated. With boiling water it 
forms a dark-brown solution, while a grey-brown oxyiodido remains undissolved. The 
totra-iodide dissolves in hydriodic acid, and the solution, when evaporated, deposits 
colourless metaUio-ahimng prisms, probably a compound of the tetra-iodide -with nydii- 
odio acid. 

By saturating the solution of tho tetra-iodide in hydriodic acid with an alkali, 
double iodides are obtained, which separate, by spontaneous evaporation, in iron-grey 
motailioally lustrous o^atals. 

Tlie hextadzde, Tel®, is perhaps contained in the brown solution of tellnrie oxide 
in hydriodic acid. 

TEBIiVRIUni, OXIDBS ARS OXYGEW-ACISS OP. Tellurium forms 
two oxides, TeO' and TeO*, which unite witli bases forming salts analogous to the 
sulphites and sulphates, 

Tellarouz Oxide or Anhydride, TeO — This oxide is produced when foUuruim 
burns in the an- It may also he obtained by exposing tho corresponding hydrate 
(toUurous acid) to a gentle heat, and separates from the agueoiia solution of the hydrate 
when heated to 40'’, Tho same change takes place spontaneously, though more rapidly 
on the application of heat, in the nitric acid solution of tellm-ous acid; in this ease 
the deposit of toUui-ous oxide is much more abundant, and, if slowly produced, is 
distinctly crystalline, showing here and there weE-defined octahedrons. The mine- 
ral called tellurite or telluric ochre, occurring at Pacobay, near Zalathna in 
Transylvania, in small greyisli-yellow spherules, imbedded m quartz together with 
tcUurium, exhibits, according to Patz (Pogg. Ann. Ivu. 478), the reaction of tellu- 
rous oxide before the blowpipe. 

Tellm-ous oxide is slightly soluble in water, but has no action upon litmus. It is 
fusible and volatile The fused oxide is a transparent deep yellow hquid, which solidifles 
on cooling to a white highly erystaUine mass. When fused -with olkaiiiie hydrates or 
carbonates, it forma telltu-ites. 

TEHLunous Hyukatb or TEnnoaous Aotn, H’TeO" = BPO.TeO®. — ^Thia 
acid IS best obtained by decomposing tetrachloride of teUurinm -with water : 

TeCP + 3H^O = 4HC1 -r ffTeO*. 

It may be prepared from teUurito of potassium or sodium, by adding nitric acid till 
a distinct acid reaction is prodneed ; also by dissolving tellunum in dilute nitric acid 
of specific gravity 1 26, and pouring tho solution, after the lapse of not more than a 
few minutes, into an excess of water. If the precipitation be delayed for a longer 
time, the anhydrous oxide is thrown down instead of the hylrate. 

TellurouB acid, prepared by either of these processee, is a somewhat bulky precipi- 
tate, which, when dried over oil of \itriol, forma a light white eai-thy powder, having 
a bitter metallic taste. It is slightly soluble in water, especially when recently pre- 
cipitated It dissolves both in acids and in alkalis. 

The solutions of telliirons hydrate in acids are all stable, with tho exception of the 
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uitno acid BoLtion, -wliich, as aliaady obserred, depoata tellano oside. Th^y do not, 
hcwover, yield definite salts on evaporation, excepting the phosphoric acid solution, 
which deposits a white powder, and the oxalic acid solution, which deposits crystalline 
grains, aoluhle witliont decomposition in water. — A sulphate of ielluHum, (TeiiS-O*), 
IS formed by gently heating finely pulverised tellunum with oil of vitriol. (See Sui,- 
BHiTua, p. 614.) 

The solution of tellurous hydrate in hydroehlorio acid is decomposed by water, if not 
very strongly acid, depositing tellurons hydrate. — Alkalis and afkahns carhomtes also 
form a white precipitate of tellurous hydrate, soluble in excess of the alkaline reagent 
— Ohlonde of ianum forms a white precipitate, insoluble in ammonia. — The reactions 
with sulphydfio oM, sniphde of armwmmm,, sulphurmis acrid, alkal%ne sulphites, 
stannous ohlonde, and aim, have been already described; also the blowpipe-reactions 
of tellurous oxide (p. 711). 

Tbulubitbs. — ^T ellurous aeid forms, with the alkali-metals, neutral and acid salts 
analogous to the sulphites and selenites ; also hyperacid salts ; vis ■ 

Neutral Tellurites, MJTeO’ = M«OTeO«. 

Acid „ MHTeO", or M’'O.H‘0.2TeO“. 

Hyperacid „ or M=0.3H’0.4Te0». 

There are also snliydroua diteHurites of alkali-metal, such us K'*O.2Te0®, or K*TeO®. 
TeO®. — With the alkaltne earth-metals, tellurous acid forms anliydious mono-, 
di-, and tetra-teUurites, represented by the formul®, M"OTeO’ M''0.2Te0*, and 
M''0.4Ta0''' — With the heavy metals it appears to form only neutral salts. 

The tellurites of alkali-metal arc formed by direct combination, either in tlie dry or 
in the wet way ; the r.»st either by fusing tellurous oiids with the respective bases, or 
by precipitation. The neutral and acid tellurites of alliali-nietal are soluble in water , tho 
tellurites of the alfcahne earth-metals are slightly soluble, and those oi the earth-motals 
and heavy metals are insoluble. Most teUuntes are soluble in liydrochlorio acid 
The solutions are yellow, and do not give ofif chlorine when heated, a character by 
which the teEuntos are distmguished from the tellurates. If the quantity of hydro- 
chloric acid present in these solutions is not very great, they deposit tellurous acid on 
dilution with water; this precipitation is, however, prevented by the presence of tar- 
texic acid. Tellurites are mostly fusible, and solidify to a crystalline mass on cooling ; 
the hyperacid tellurites of allcali-metal form colourless glasses after fusion. Moat 
tellurites, when ignited with charcoal and potash, yield tellurite of potassium, which 
dissolves with portwino-colour m water 

Tellurite of Aluminium is a white flocculent precipitate. 

Tellurite of Ammonium. — A solution of tellurous acid in ammonia gives off 
ammonia by evaporation, even at a very gentle beat, and yields a precipitate of 
tellurous acid. — ^According to Tluokiger (Jahresb 1802, p. 173), tellurite of ammo- 
nium is produced by heating tellurium with aqueous ammonia in sealed tubes — The 
hyperaad edit, (l!tH-‘)'0.4ToO'=.4H®0, or (NH'‘)HTe0».H«Te0®.8^H®0, is formed by 
dissolviBg tellurous acid or tetraeliloride of tellurium in warm aqueous ammonia, and 
separates, on adding a little sal-amraomuc to the cooled solution, ns a heavy white 
granular precipitata , a further quantity may be prenpitatcd from the filtrate by alcohol 
It is rosoivod by heat into ammonia, water, and teUnrous oxide (Berzelius.) 

Tellurites of Barium. — The neutral soft, Ba"TeO“ '= Ba'’0 ToO% is produced 
by fusing 1 at. teEurous oxide with 1 at barium-carbonate, and solidifies, on cooling, 
to a colourless orystsEine mass ; by double decomposition it is obtained as a white, 
bulky, fioecnient precipitate. It is sparingly soluble in water, the solution when 
exposed to the air depositing carbonate and tetratellurite of bimium. 

The tetraietturUe, Ba"0.4Te0® = Ba"TeO''.3TeO', prepared by fusing 4 at. teEurous 
oxido with 1 at hanum-carhouate, solidifies to a transpaieut colourless glass. It is 
also produced by mixing the aqueous solution of the neutral salt with very dilute 
nitno aeid, and then separates in bulky flakes 

Tellurite of Cadmiumia a white gelatinous precipitate, which dries up to abrittlo 
mass, having a conchoidal fracture. ]S dissolves in hydrochloric and in mtnc acid 
Ammonia added to these solutions, throws down cadmium-oxido , sulphydric acid and 
sulpbide of ammonium produce in the cold a brown-red precipitate of eadmium-sul- 
photellurite. (Oppenheim.) 

Tellurites The neuiral soft, Ca''T60“, produced by heatiiigl at telln- 

rous oxide with 1 at lime, forme a white mass, which remains solid at the melting- 
point of sEver. By precipitation, it is obtained in white flocks, slightly soliiblo 
in cold, more soluble in hot water— The Afcffiwire, Ga"0 2TeO® = Ca"TeO'* TeO-, 
melts only at a white heat, and soEdifics on cooling to an opaque mass, consisting 
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of micaceous Bcalea —The tetrateUunte, 0a"0 4TeO’ = CaTeO" 3TeO» futes more 
easily, giving off fumes of telluroua oxide, and likewise solidifies ui micaceous scales. 
(BerzeliusO 

Tellurite of Chromium is a grey-green precipitate, soluble in excess of tlio 


Tellurite of Cobalt IB A dark-purple precipitate. 

Tellurite of Copper, obtained by precipitation, is a siskin-green powder, inso- 
luble m water, when heated, it giTes off water and turns black, melts easily, and 
solidifies to a black mass, having a eouchoidal fiiaetnre, and yielding a grey-brown 
powder Before the blowpipe, it is reduced to a pale-red massot copper-teUuuido. It 
may be fused with 1 at. cupric oxide, to a black mass having an earthy fracture. 
(Berzelius.) 

Tellurites of Iron. — The feme salt is a yellow fioccnlent precipitate.— The 
fei-TQUS salt IS greyish-yellow. 

Tellurites of Lead. — The neutral salt, Pb"ToO®, obtained by double decom- 
position with neutral acetate of lead, is a white precipitate, which when heated gives 
off water, turns yellow, and then melts to a translucent mass. It dissolves readily in 
acids, and is easily reduced before the blowpipe on charcoal to telluride of lead. — A 
irtsic lead-salt is produced, as a translucent bidky preciptate, on mixing tellurite of 
potassium with basic acetate of lead. 

Tellurites of Lithium — TDib neutral «aft, lOTeO" = Li’O.TeO’, obtained by 
fusion, solidifies to a orystalhne or tumefied maas, according to the rata of cooling — 
The ditdlunU, Li'0.2Tb 0''', prepared like the corresponding potassuim-salt, is easily 
fusible, and solidifies to a crystalline mass on cooling Cold water decomposes it 
into mono- and tetra-tellurite. Boihng water dissolves it, and the solution on cooling 
deposits tbs tetrateUunte, Li’0.4Te0’, in milk-wbtto granules. (Berzelius.) 

Tellurites of Magnesiv, m. — Tho neutreU salt, Mg''ToO’, obtained by precipitation, 
is nuicb more soluble tbau the other alkahne-eaxthy toUnrites. Its solution is decom- 
posecl by atmospheric carbonic acid into caibonate and tetratellurite of magnesium, 
uhich separates in wlute flocks. (Berzelius.) 

Tellurite of Manganese is precipitated in white flocks having a reddish tinge. 

Tellurites of Mercury — The mcrouno ealt is a white preapitnte. — ^The mer- 
curous salt is dnrk-yellow, gradually turning brown, and is converted uito mercuric 
salt on exposure to the air. 

Tellurite ofNiohel is a pale-green flocculont precipitate. 

Tellurites of Toiassium — The nciiirai or uionoManYc, K’TeO’ = K’OTeO®, 
and tho ditellwnte, E'^TeO* TeO* = X'O.STeO’, are obtained by fusing tellurous 
oxide with carbonate of potassium in the requisite proportiona The ■monote/luriie 
melts at a red heat, and solidifies on cooling to a network of rather largo legular 
crystals. It is slowly dissolved by cold, more quickly by boihng water; the solution 
has an alkaline taste and reaction, and is decomposed by tho carbonic acid of 

Tho diiellurtie melts, somewhat below a rod heat, to yellow liquid, which aohchflea 
on cooling to a colourless, wanepareut, crystalline mass. Boiling water dissolves it 
completely, and tho solution on cooling deposits the tetratellurite as a granular 
precipitate. 

Thetctruicitorife.or' - ■^20.4TeO» 4H“0 - flfKHTeOs. 

H'‘T60®).H“0, is prepa . some time with cartouato of 

potassium, and filterin . i lUon, on cooling, deposits the 

greater part of the salt in nacreous grams, which appear under the nncroscopa as six- 
sided prisms and tables. It is decomposed by cold water mto mono- and di-teUurite, 
which dissolve, and tellurous acid, which separates as a gelatinous precipitate. Tho 
dry salt when heated gives off its water with strong intumescence, leaving tho 
anhydrous salt, K-'O 4TeO“, which melts at commencing redness, and solidifies to a 
colourless glass on coohng (Borzelius ) 

Tellurite of Si/uar, A^'TeO", is a white precipitate, soluble in ammonia (Ber- 
zelius). When native telluride of silver is dissolved in nitric acid, the solution deposits, 
after a while, small, adamantine, acuminated, quadratic prisms, insoluble m water, and 
containing more than 1 at. TaO® to 1 at. Ag'O. (Gr. Eobo ) 

Tellurites of Sodiu m.— The neutral salt, Ka'TeO* = Ha'O. TeO*, obtained Uko the 
corresponding potassium-salt, forms regular crystals when slowly cooled, but swells up 
considerably on rapid cooling It dissolves slowly but completely in cold water, more 
qmckly in hot water, but does not crystallise out on coohng. Alcohol tliiows down 
ft'om the solution a concentrated liquid, which, after a few days, yields huge trans- 
parent crystals of a-hjdrated salt.— The (fitc/hirito, Na’^ToO^.TcO'* = Ha’O.ZTeOS 
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obtained by fusion, like the corresponding potissinm-Balt, melts easily, and crys 
taliiaas on coding. It is decomposed by water, bka the putassium-salt, — The tetra 
ieUante or hyperaeid salt, Nn^O 4TeO*.flH^O, or NaHTeO’.ff TeOMI^O, separates from 
the boding solution of the preceding salt, by slow cooling, in nacreous scales and thin 
siK-sided tables; in other respects it resembles tho hyperacid potasaiiim-salt. 


) (neutral) is prepared like the b 


resembles 


The Tellurites of Thorinnm, Ff<««m,andZtrcDi>*«J»arewhiteprecipitiites. 
Tellurite of Uramum, obtained by precipitation with a uranio salt, is a pale 
lemon-yellow powder. . 

Tellurite of ZUio is a white floeculent precipitate. 


Telltirlo Oxide, TeO'.—Thia oxide is obtained by heating the hydrate to a 
tempeiuture below redness. It forms an orange-yollow mass, insoluble in water, 
either hot or cold, in cold hydrochloric and hot nitric acid, and in solutions of osnstie 


alkali. When strongly heated, it gives off oxygen, and leaves telluroiu, oxide as a 
white earthy powder. 


Tbhiubio Aoin, H*TeO* «x H'O TeO”. — ^The potassium-salt of this acid is 
obtained by fusing tellurium or tellurons oxide with nitrate of potassium. The 
solution of this salt decomposed by a salt of barium, yields a precipitate of biU'inm- 
teUurate, from which, by decomposition with sulphuric acid, tellurio acid may be set 


Telluric acid crystalUaes fixim its solution, in fine hexagonal hydrated prisms, 
containing II^oOS2H'0, mostly forming twins. This hydrate has a metallic rather 
than an acid taste, and leddens litmus slightly It dissolves slowly, but to a con- 
siderable amount in cold water, freely in boibng water. It loses its water of oryetal- 
baation nt a little above 100°. The romamiug aoid, H'^TeO', is nearly insoluble in 
cold water, but dissolves on boiling, forming a solution from which the crysttdline 
hydrate may be again obtained, 

Tm.i,VBA®3!S. — TeUimc aoid forms with the alkali-metals, neutral, aoid, and 
hyperacid salts, represented by the formulte, M^TeO'*, MHTeO', and IlHTeO^ H“TeO\ 
respectively; mso anhydrous di- and tetra-tellui'ites With the other metals it forms 
chiefly neutral salts. The neutral and acid telluratos of alkah-metol are easily 
soluble in water, the anhydrous di- and tetra-telluritos sparingly soluble. Most of 
the other teUurates are insoluble or sparingly soluble, and are obtained by pre- 
cipitation 

Moat teUurates dissolve readily in cold hydrochloric acid. The solutions are not 
yellow, like those of the teUurite-s, and will bear any amount of dilution without pre- 
cipitation. On boiling they give off chlorine, ton yellow, and become precipitablo by 
water, owing to the formation of telliiroue acid. The aeidulated solutions of 
teUurates and tellnno acid are decomposed, like those of the tellmites, but not very 
readily, by stt^ijidric oeid, with precipitation of a sulphide, and hy sulphurous iicid 
and other reducing agents, with precipitation of tellurium, though somewhat slowly, 
and feequently only on the application of heat. Hence, in analysing telliu'atos by 
reduction, they should olways be previously reduced to tellurites by boiling with 
hydi'ochloric acid. TeUurates when heated to redness give off oxygen, and are reduced 
to tellurites. Heated with charcoal and olkaUne carbonate, or before the blowpipe on 
platinum, they behave like tellurites. 

Tellurate of AluMintwn is obtained bv double decomposition as a white pre- 
cipitate, soluble m excess of the aluminium-salt. 

TeUurates of Amruomum. — The neutral salt, (llH'')®reO'*, is prepared by 
mixing a boiling solution of the neutral potaasium-ealt with sal-ummoniao and a little 
ammonia, and separates on ooohng in granular crystals, easily soluble in water, spnr- 
mgly soluble in solution of ammonia or sal-ammoniac. — The ditellunie, (NH^l'TeOb 
TeO'' o= (NH^l^O 2TeO“, is precipitated, on mixing a saturated solution of the acid 
Bodmm-salt with sal-ammoniac, as a gelatinous mass, only shghtly soluble in water. 
When boiled with water in open vessek, it gives off ammonia; hut when heated with 
water in sealed tubes, it partly melts to a white mass, whieli solidifies on cooling, and 
partly dissolves in the water, the solution on cooling depositing fine crystalline greins 
[? of the and salt] —The tetratdl^nte, (HH*)’TeO-'.3TeO' = (OT[*)’0,4Te0’ is ob- 
tained, by decomposing the hyperacid sodium-salt with sal-ammoniac, as a white 
fiocenlent precipitate ; it likewise sqiarates from the solution of the neutral salt by 
evaporation at ordinary temperatures, or at a gentle heat. It dissolves with difficulty 
in water, and is nearly insoluble in alcohol. (Beraelius.) 

TeUurates of Barium — These salts are obtained by precipitation.— Tlie nmintl 
salt, Ba"ToO',3H’0, separates as a biiUcy precipitate, which soon sinks down, and 
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forms a white powder when dry. It gives off water at 200°, dissolves sparingly in 
eold, more easily in boiling water — The acid salt, Ba"H*(Te0*)’.2H’0, is a bulky 
llocculent mass, more soluble in water than the neiutral salt. — The anhydrous tetratdlu- 
uiie, Ba"0 ITeO^ is a bulky mass, more soluble in water than either of the preceding 
[is It really anhydrous?] It turns yellow when heated, but becomes white again on 
cooling (Berzelius) 

Tellurate of Ch dmf Mm, Cd''TeO^ is obtained, ns an amorphous white preeipi- 
tntc, on mixing the neutral aolutiona of cadmium-nitrate and a tellurate of alkali- 
inetal. (Oppenheim.) 

Telluratos of Caloxun, Ca"T60*, is precipitated in white non-coherent flocks, 
soluble in hot water (B erz eliu s.) 

Tellurate of OAromiitwi forms mey-green flocks, reddish by transmitted light ; 
it dissolves in excess of the chromic salt, by which it is precipitated. 

Tellurate of Cohalt is precipitated in blmsh-ied bulky flakes. 

Tellur ates of Copper. — The neutral salt is a calandine-green precipitate ; the 
acid salt is somewhat lighter. 

Telluratos of Iron. — The ferrw salt separates as a pale-yellow flocculout 
precipitate, soluble in excess of the precipitating ferric salt. — The ferrous salt is a 
white precipitate, quickly changing colour in the air like other ferrous salts. 

TclluratesofLead.—Ohtmeei by precipitation.— The neutral salt, WTeO* = 
Ph“0 TeO*, is a white precipitate, somewhat soluble in water —The diiellurate, Pb"0. 
2T60^ is somewhat more soluble.— The tetratdlurate, Pb"0.4Te0'', turns yellow when 
heated, hut becomes white again on cooling : it is moderately soluble in water — A 
baiu) lead-salt separatee, as a white bulky precipitate insoluble in water, on muiiig 
the solution of a neutral tellurate of alkali-motal with basic acetate of lead (Berze- 
lius) — Xmtrato-tellurate of lead is formed (according to Oppenheim) on 
mixing a solution of lead-nitrate with free telluric acid; it is a white powder. 

Tellur ates of Lithium — Prepared like the corresponding potassium-salts The 
neutral and aeid salts di'v up to gummy masses. — The hyperacid salt is also a gummy 
mass, which is converted at 100° into a white insoluble powder; atastiU higher 
temperature, it gives off water and turns yellow. (Berzelius.) 

Telluraiei of Magnesium — These salts, being much more soluble in water 
than the tellurates of the other alkaline earth-metals, must be precipitated &om very 
concentrated solutions. — The neutral and aetd salts are white floceulent preeipitates. 
(Berzelius) 

Tellurate of Manganese separates in white flocks, having a faint reddish tinge, 

Tellurates of Mercury. — The mereuria salt is precipitated in bulky white 
flocks — The mercurous salt is a dark ycllowish-hrown precipitate — A mercurous 
nitrato-tellurate is produced (according to Oppenheim) by adding free teEuric acid 
to a concentrated solution of mercurous nitrate It forms at first a white curdy pre- 
cipitate, hut acquires a faint yellow colour on exposure to the air. 

Tellurate of 'Nickel is precipitated in pale-greenish flocks. 

Tellurates of Potassium — These salts are prepared by dissolving the required 
quauhties of teUurio acid and potassium-carbonate in hot water — ^The neutral salt, 
K®Te0t6H®0, may also he prepared by supersaturating crystallised tollunoaeid.or its 
concentrated aqueous solution, with caustic potash It is very slightly soluble in water 
containing potash, and separates thorofrom as a soft gummy congiihun. It dissolves 
on warming the liquid, and separates by alow eoohng in necdle-ahaped crystals, which 
when heated ^ve off water, and oako together in a white mass. According to Handl 
(Jahresh. 1861, p 266), it forma rhombic crystals of prismatic character, isomorphous 
with those of neutral potassium-sulphate, and exhibiting the combination 0052 . P . 
coPra ttf ® . Angle ooP2 . <»?2 =» 69° 11', P = 123°42':P.P 

(in the terminal edges) = 122° 30’ and 132° 16’ When exposed to the air, they 
become moist, without deliquescing, and are converted into a mixture of acid tellurnto 
and carbonate of potassium On mixing the solntion of the salt with a stronger acid, 
it deposits acid or hyperacid tclhirate of potassium, according to the quantity of acid 
added (Berzelius).— The ocni salt, 2:toTeO'' SH-'O, is sparingly soluble in cold, 
much more soluble in hot water, and separiites from the hot solubon by slow cooling, 
in flue woolly crystallisations. On evaporating theaqneous solution over a water-bath. 
It remains as a white saline mass, gummy on the edges. It has an aUcaline reaction, 
and a metallic, somewh.at alkaline taste When heated, it gives off its water, and 
turns yellow even far below redness. Water decomposes the yellow mass, dissolving 
neutral teEurate of potassium, and leaving yeflow tetratellurate (Berzelius). — ^The 
hyperacid salt, 2(KHTeO ‘ 'TeO^) H'O, is a loose white powder, somewhat soluble in 
water. It gives off die greater part of its water at a gentle heat, retaining however a 
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small quantity till it turns yoUow, at a higher temperature, it is reclueed to tellurite. 
By repeated eryalaUieution from its aqueous solution, it is partially decomposed, tlie 
orystaiB hoeoming mixed with those of the acid salt, ivhile free telluric acid remains 
in the mother-liquor (Berzelius) — ^The anhyWroua tetratellumte, K*0 iTeO*, may 
he obtamed hy heating the acid tellurate to a temperature below redness, whereupon 
it breaks up into woter, which is evolved ; neutral tellurate of potassium, which may 
be disBolvedout; and the anhydrous teti’ateUurate,whichremains iindissolved as ayellow 
mass, insoluble in hydrochloric acid and in nitric acid, a-xoept after prolonged boiling. 
Its formation is represented by the equation . 

eKHToO* =. + K“ToOb3TeO“ + 3ffO. 

Tellnrates of Silver . — Telluric acid forms a neutral salt, two acid salts, and two 
basic salts of silver. The neutral and acid salts are obtained by double decomposition 
with eonoiiUKeated solutions of silver-nitrate and neutral tellurate of alkali-nietal, — The 
neutral aa/i, is a dai'k-yellow powder, which is resolved by water, especially 

at the boiling hoot, into a solublo acid and an insoluble basic salt Its ammoniaeal 
solution is eolonrleas , — A nitrato-idlm-aie of silver separates immediately, on adding 
teHurie acid to a concentrated solution of silvci’-nitrate, ns a colourless crystsllme pre- 
cipitate, which turns slightly yellow in contact with the air, and brown when mois- 
tened with ammonia. Hydrochloric acid decomposes it, with sepaiation of silver- 
chloride (Oppenhcim) - The diiellurate sndteiiatcllnrateof eilver are reddish-yellow 
flocoulent precipitates. 

Tlie iribatdc SAg'O.TeO* = 2Ag'’O.Ag^TeO*, is produced on mixing the am- 
moniacal solutions of the neutral salt and silver-nitrate, and remains on evaporahon 
as a black-hrown saline mass. — The same compound separates as a reddish-yellow 
precipitate, quickly tprmng brown, on mixing a very dilute solution of silver-nitrate 
with acid tellurate of potassium. — The sesjuiliasw ealt, 3Ag’0 2TeO®, remains as an 
anhydrous liver-coloured powder, on boihng the neutral ealt with water, (Berze- 
lius.) 

Telluratee of Sodium . — These salts resemble the corresponding potassium-salts, 
and are prepared in hke manner. 

Tellurateof Strontium is prepared hke the calcium-salt, which it resembles, 

Tellur ate of Thor inum is a white pulverulent precipitate, insoluble in excess 
of the thorinum-salt. 

Uranic tellurate is a pale-yellow powder. 

Telluraiee of Yttrium. — Tlxa neutral tdlmate and ditellurate are obtained hy 
precipitating the neutral and acid tellnrates of potassium with an yttrium-salt 

Tellurate of Zirconium, ohtaiuodhy double decomposition, is a white powdnr 

TEliIiCrRXfrjVX, SBIiSmSE or. Telluruim and selenium may be fused to- 
gether m all proportions, the combm.ition being attended with evolution of bent. The 
product IS an iron-grey brittle mass, which has a crystalline fracture, melts below a 
red heat, boils at a higher temperature, and may be volatilised without decomposition 
if excluded from the air, "When heated in contact with the eir, it yields colourless 
drops, possibly consisting of a selenato of toUiinum. (B erzelius ) 

TEXiltmTUM, STTEFHISSS OF. Tellurium forms two sulphides oorrs- 
apondiug to the oxides. 

Telluroua Sulphide, TeS“, is formed by the action of sulphydric acid on a 
teiliiroiis salt, or on the acidified solution of a toUiirite (p. 711), also by exposing the 
solution of a sulphotellimto of alkali-inotal to the air It is a dark-brown or black 
substance, which softens at a modar.ate heat, and acquires a semi-metaUio lustre on 
cooiing. When strongly heated it evolves sulphur. 

Tulliirons sulphide comhinea with the sulpliides of basylous metals, forming the 
sulphotollurites, all of winch appear to contiim 3 at. basylous sulphide to 
1 at tollnroua sulphide, being raurosanted hy the general formula SM^S.TeS® = 
21.raMSTeS''. 

Tho vulphotellm-itos of the alhali-mr tats and of magnesium are moat readily pre- 
pared by saturating the aqueous solutions of tlie correspoadmg tellurites with 
sulplivdnc acid gas. The solid anhydrous aulphdtelluntea of alkali-metal have a 
lirownish-yoUow colour, those which contain water of crystallisation arc pale-yellow; 
they dissolve easily and with pida-yellow colour lu water , less easily ia alcohol, with 
.separation of teliurous sulphide Atida added to tlie solutions throw down tolliii'ous 
sulphide. In the dry state these salts may ho ignited lu close vessels without decom- 
position, and at ordinary temperatures they remain unaltered for a considorablo time 
in contact with the air; but thoir solutions decompose quickly in contact with the air, 
with formation of alkaliiio hyposulphite, and separation of tellurous sulphide, — The 
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anmonitm-saU, 3(NH^)*S TeS* crystallises by evaporation m a vaetnmi overpotaali, in 
pale-yellow fonr-sided prisms, -winch give off sulphide of ammonium in contact with tlio 
air — The poiasiMm-sttlt, 3K®S separates by evaporation in a vacnuni, m pale- 

yeUow prisma, easily melting to a black hquid, which solidifies to a brown-yellow 
mass still soluble in water In contact -with the air, the salt decomposes and turns 
black. — The sodium-salt forms an amorphous pale-yeUow mass, Tvliieh decomposes 
quickly in contact with the air. — ^Thp Mkama-aalt exhibits similar characters. — The 
magnesium-salt, which may be piepared as above, or by precipitating the barium-salt 
with magnesium-sulphate, and evaporating the filtrate in a vacuum, forms a pale- 
yellow crystalline mass, soluble in water and in alcohol. 

The smphntcUurites of the alkalvne eanh-meUth are prepared hy boiling the corre- 
sponding metallic sulphides with tellurous sulphide and -water. — ^The harvmn-salt 
separatas, on evaporating the filtrate m a vacuum, in large, transparent, pale-yellow, 
obbqucly timncated, four-sided prisms It is tolerably perm.inent in the air, and 
dissolves very slowly in water. — The strontium-salt forms a pale-yeUow mass, 
tolerably permanent in the air, and soluble in water. — The ealcimi-salt is a yellow- 
amorphous mass, somewhat soluble in water. 

Tlie aulphotelluritos of the Iteam metals are insoluble in water, and are obtained by 
precipitation — The oairnmns- and cmvm-saUs are brown-yellow precipitates, which 
gradually become dm'kerin colour —The /erne salt forms dark-brown, easily fusible 
flocks ; the ferrous salt is a black precipitate —The gold-salt (am-ic), AuS’.TeS', is 
deposited, after some days, in black flocks, from a mixture of amuo chloride and 
potassium-sulphohellunte. — The lead-salt is a brown precipitate, which turns black on 
drying — The merourojis soli, SUg-'S TeS“, is a dm-k-bi-own precipitate, which when 
heated gives off mercury, and is converted into a yollow-brown mass of the merouno 
salt, 3HgS TeS’ — The platimo salt, 3PtS’ 2TeS’, separates after some days, from a 
mixture of platimo chloride and potassium-siilphotellunte, m translucent dark-blue 
flocks, which appear black when dry— The sdvor-salt, 3Ag*S TeS', is a bulky black 
precipitate, which when dry acquires motallio lustre by trituration. — The trmo-salt, 
SZnS.TeS*, is a light-yellow precipitate which gradually turns brown. 

Telluric Sulphide, TeS* — Tins compound is produced by satoating a solution 
of telluric acid with sulphydric acid gas, and gradually separates ou leaving the liquid 
to itself in a dosed vessel placed in a warm situation, covenng the sides of the vessel 
-with a blaokish-grey, metallically lustrous coating, which may be rubbed offm spangles. 
It unites with basylous metallic sulphides, forming the sulphotellurates, which, 
however, have been but little investigated (Berzelius.) 

Suhphoiellurate of Potassium is obtained by saturatmg a solution of potassium- 
tollurate with sulphydric acid gas. After the liqmd has been fllteredfrom the resulting 
black precipitate of telluric sulphide, winch does not redissolve on adding potash and 
again passing sulphydric acid gas into the hqmd, the filtrate may he concentrated by 
boiling without decomposition. The liquid then acquires a red colour, and deposits 
snlphotolhmte of potiissium as alight-yellow gi'anulo-crystallina mass. (Oppenhoim, 
J, pr Cham Ixxi. 279.) 

Sulphniellnrate of Sodium is prepared like the potassium-salt. On adding soda-ley 
after the precipitate of rallimc sulphide has settled down, and again passing snlphydrio 
acid gas into the liqnW, the precipitate quickly redissolves , and on evaporating the 
solution nearly to dryness, the snlphotellnrste of sodium separates, in needle-shaped 
crystals of a sulphur-yellow colour (Oppenheim ) 

TEX.X.vmoiaETBVI., See Methyi., TEtmuiniE op. hi. 992 

TBIgliVKOtrs SAIiTS. Salts formed by dissolving tellurous hydrate in acids 
(p 713). 

TEOTPBBATTIBB. See Hnii (iii. 18). 

TBIHPBBIB'G'. The softening of steel, cast-iron, and other metals by ignition 
and slow cooling. 

TEMPXiIN'-OZt.. Oil of Pvne-oones. Tann&nsapfenol — ^An oil isomeric with, 
and very similar to, oil of turpentme, obtained by distillation of tho cones of Pinna 
Pumdio, Hnk. (P Mughus, Scop.), and in some parts ol Switzerland from the cones of 
the silver-fir (Abies Pioea. Pinus Pwea L. Ahies pectmata, Dec.). "When recently pre- 
pared by distillation-with water, it is colovirless, but becomes groenlsb-yeUow oii’expo- 
Bure to the air. It has a balsamic odour, like tlint of lemon-oil , a sj’ccifie gravity of 
0 862 at 12°, begins to boil nl 105°, but tho greater part distils over between 173° 
and 177°, the boibng-porat ultimately rising to 200°. By repeated rectification a 
camphene, C'oH"’, is obtained, ha-ving a specific gravity of 0 856 at 6°, and boiling 
constautljf at 172° (Flnckiger, Jahresb 1866, p 642) 

Templin-oil agrees -with oil of turpentine in solubility and refracting power. In a 
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column 100 millmcttes long, it turns the piano of pokritatioi) 8fi° to the left for tlio 
tninsition-tint, and 66“ for the red ray tho oil obtained from it by rectifieiition below 
173° turns the piano of polarisation 92° to tho left for the transition-tint. (Bertlio- 
lot, J. Pharm. [3J, xxix. 38.) 

Tomplin-oil resinisos quiddy on exposure to the air, and turns aeid, with formation 
of ozone. When mixed with :J toI nitric acid and J vol alcohol, it forms terpin or 
hydrate of turpeiitino, more qmcld^ on addition of l| rol. water It absorbs hydro- 
cliloric acid gas, but without forming a crjstallisable camphor. When tho oil, satura- 
tod with hydrotJilonc acid gas, is treated with fuming nitric acid, a crystallme com- 
pound, 0'”H'*.HC1, IS formed, haring a rotatory power of —23“ When templin-oil is 
mixed with one-thud of its weight of absolute alcohol, and then saturated ivith hydro- 
chloric acid ^as, the liquid solidifies to a magma of the camphoroidal compound, 
C‘"H*“.2HCl. insoluble in water and in cold alcohol, but easily soluble in hot alculiol, 
from which solution it crystallises m laniinse It dissolves in volatile and fixed oils in 
nitric acid and in sulphuric aeid, melts at S6°, and solidifies to a radio-crystalline mass 
on cooling, but is not volatile without decomposition 

The oil obtained from the young branches and needles of Pums Purnilw (iv. 649) is 
probably identical with templin-oil. 

TBUSTANTITB. An arsenical falil-ore from the Cornish mines, parficulurly near 
Eedrutli and St.Day, occurring in well-defined, monometric, tetrahedral crystals, isomor- 
phous with totrahedrite, and exhibiting imperfect dodecahedral cleavage Hardness = 
3 6 to 4, Specific gravity « 4'4 to 4'9 Lustre metallic Colour, blaolash lead-grey to 
iron-black, streak, dark reddish-grey Ifractiire uneven Before tho blowpipe it 
emits copious arsenical fumes, and finally melts to a bUck scoria, which acts upon the 
magnet 

Analyses: oby Wackernagel, il)yEammolsberg(Afi«ewlci^«tnM, p. 88): 

a. 26‘88 2o‘63 48 68 8 09 = 99 18 

i. 26 61 19 03 61-62 1-96 = 09 21 

These analyses may he represented by the formula (Cu’ , I?e’')S.2As’S®, different from 
that of arsenical tatraheclrite— namely, 4M"S.As*S*. 

TENOBITE, Native eupric oxide, oceurring, aceording to Seminola (Bull, 
giSol. xiii. 206), in the cracks and pores of Vesnviau lava, above Torre del Greco, forming 
very thin hexagonal plates, scales, and earthy particles, having a dark steel-grey 
colour, and metallic to dull lustre. Thin lamina exhibit a brown trausluoeuce. 

TBPBBOITE. Orthosilicata of manganese, Mn'’SiO^ from Sparta, New Jersey. 
(See SiLioiTBs, p. 264 ) 

TEPHBOSIA. The loaves of Tephroaia apolUnea (Dee.), a leguminous plant in- 
digenous in Upper Egypt, are very much like those of Oaaaia obinsa, and are said to 
oimur m commerce as Polm aennm licdvptntut, (Neos v. Esenbeck, J. Pharm. [3], 
vi, 186.) 

TBBACBTIiIc AOIB, Sjm. with Ptootbuisbiq Accd (iv, 776), 

TBSATOBITB. Ferruginous lithomarge, from the coal-beds near Zwickau, in 
Saxony, 

TEBAXONATBITH. Syn. -with Glauber’s salt. 

TEBBItmc and BRBIVnt. Metals supposed to exist, together with yttrium, 
in the gadolinite of Yttorby, in Sweden Mosander m 1843 (Ann. Oh. Pharm. 
mvin 220) examined the crude yttna obtained from gadolinite, by the process of 
Berzelius (see y-rraiiiM), and concluded that it was a mixture of three earths of 
different basic power. The most basie of these — ^whiehwas first precipitated from the 
solution of the earth m hydrochlonc acid by ammonia — he designated as erhia, tho 
next as terbia, retaining the name of yttna for the least basic, A more complete 
separation is effected by fractional precipitation with an acid oxalate. For this piu- 
pose, the crude yttna is dissolved in excess of hydrochloric acid, and the liquid is added 
by drops to a solution of acid potassium-oxalate, us long as the. resulting precipitate 
rcdiesolves on agitation. The crystalline precipitate, chiefly consisting of erbium- 
oxalate, which t ben separates after some hours, is collected on a filter ; and the filtrate 
IS gradually nuxed with more potassium-oxalate, which throws dowu a fresh pre- 
cipitate containing a larger proportion of terbium, while the last proeipitates contain 
scarcely anything but yttrium Tho first predpitates are almost always reddish , the 
last are colourless. On the other hand, when a mixture of the oxalatee of erbium, 
teibium, and yttrium is digested with dilute sulphuric aeid, the ytti'ium-salt is chiefly 
di.ssolved at first, tlien the terbium, and lastly the erbium-salt. (Mosander), 

The metals erbium ,ind terbium have not been isolated. Tho characters of erbium: 
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oxido or erbia, and of one or two erbium-salts, ns determined by Mosnuder, hfiTo been 
already described (li. 497). orbia is ospecialZy distinguished by being yellow aftor 
Ignition in Uio air, and becoming colourless by igmtioii in hydrogen 

The ohanioters of terbmm-oxide or terbia are not described by Mosandar ; but its 
salts are described as havmg a saccharine and astringent taste In the solid state, 
they exliibit an amethyst-coloiir, bnt not of constant tint or intensity. — The nitrate is a 
rose-red, crystalline, deliquescent mass, and its solution becomes coloured during 
evaporation, even before any separation of crystals takes place. — ^The snlphafe forms 
crystals, winch are larger than those of yttrium-sulphate, and effloresce at about 60°, 
crumbling to a white powder. (Mo sunder ) 

Subsequent investigations by different chemists hare, however, tlirown considerable 
douhton the existence of terbium. Berlin m I860,* in applying tha preceding method 
of separation on a larger scale, obtained only erbia and yttria, the mtermediate preci- 
pitates being always resolvable, by repeated fractional procipit-ition, into the oxalates 
of erbium and yttrium. He was also unable to obtain the sulphate efflorescing at 60°, 
which Mosandar describes as distinguishing terbium from erbium. 

Similar results hava been obtained by Popp (Ann Oh. Pharm. cxxxi. 179), who 
moreover finds that tho absorption-spectrnm of an erbinm-solution exhibits certain 
bands, identical with those of didyminm (li. 322) , and that on passing chlorine through 
the solution of an erbium-salt mixed with sodinni-iicetate, and heated to the boiling- 
point, the peculiar yellow precipitate characteristic of cerium (i. 831) is obtained. 
Honce Popp conolndos that the supposed earths, erbia and terbia, are nothing but 
yttria contaminated with tho oxides of the corinm-metals. His experiments can- 
not, however, be considered as disproving the existence of erbium, inasmuch as 
mixtures of erbium-salts with those of cerium and didymium might exhibit the 
characters above mentioned; but Popp’s results agree witli those of Berhn, m 
tending to show that Mosauder’s terbia is really a mixture of erbia and yttna; and 
tins conclusion is further corroborated by the recent experimahts of Bahrand 
Bunsen (Ann. Oh. Pharm. cxxxvii 1). These chemists sepornto erbia and yttria us 
follows. ' 

The precipitate formed by oxalic acid, in the solution obtained by heating gadolimte 
with hydrochloric acid, contains the oxalstos of erbium and yttrium, besides thoso of 
ealeium, cerium, lanthanum, and didymium, with traces of manganous oxalate and 
silica These oxalates are converted into nitrates , the solution is treated with sul- . 
pliate of potassium, with tho usual precautions (i. 831), to separate the cerium-metals , 
the erbium and yttrium, which stiU remain m solution, are ugam procipitatad by oxalic 
acid; the oxalates are ignited; and the residual oxides, after being carefully freed 
from admixed potassium-carbonate by boiling with water, ai’o dissolved m nitidc acid, 
and again precipitated from the acid solution by oxalic acid, this scries of operations 
being repeated tiU the solution of tho mixed earths in nitric acid, when examined m 
the spectral apparatus, no longer exhibits the absorption-bands eharaotenstio of 
didymium. The last portions of ealeium and magnesium are separated by precipi- 
tating the acid solution of the mixod earths with ammonia, the calcium and 
magnesium then remaining m solution , tho precipitate is dissolved in nitric acid t 
and tho solution, now contauiing nothing but erbia and yttria, is precipitated by 
oxalic acid. 

To separate the erbia and yttna, the oxalates are converted into nitrates , the solu- 
tion IS evaporated in a platinum-dish, till the first bubbles of nitrous acid make their 
appearance ; and tho dish is quickly cooled by placing it in cold water, whcieupon tha 
viscid mass solidifies to an extremely brittle glass. On dissolving the mass in a quan- 
tity of warm water just sufficient to prevent the solution from becoming turbid on boil- 
ing, nitrate of erbium, still containing yttrium, separates on slow coohng in noodles, 
which must be separated from tho mother-bquor hy decantation, and quickly rinsed 
with water containing about 3 per cent, of nitric acid This mothor-liquor, treated in a 
similar manner, yields a second crop of crystals of erbium-mtrato containing yttrium, 
the mother-liquor of these yields a third crop, and so on, tho pioportion of yttrium- 
nitmto in the successive crops of crystals continually increasing. By mixing a 
cortam number of the earbor and comparatively purecrops of crystals, and trcatingthem 
mu similar manner, products are obtained of stiU greater pimty ; and by repeating this 
mode of treatment several times, nitrate of erbium is ultimately obtained containing no 
appreciable quantity of yttnnm. 

Pure erbia, obtained by ignition of tho nitrate or oxalate, has a faint rose-red colour 
(not yellow, as stated by Mosander) It does not melt at the stiongest white heat, but 
aggregates to a spongy mass, glowing with an intouso green light, which, when 
examined by the spectroscope, exhibits a continuous spectrum intorBectod by a number 
of bright bunds. Solutions of erbium-salts, on tho other iiand, give an absorptioii- 

* Forhnndllnger veil Ue Skandinaviskc Nulnvforslincs attendo Mdde t Kilibcnlmcn, lafio, p 418. 

VoL. V. ' 3 A 
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spHCti’umexhilntingdarklands, and thejjointa nf masumwmntamty of the ligltt hands 
^n the emmion-specinim of glming erbta oavrunde exactly in position with the points of 
greatest darhieu ^n the absorption- apcoirum. The positiou of these bauds la totally 
different from thoao in the euiiBsion- and absorption-spectra of didynuuin; in fact, tliere 
is not a single line of the erbiiim-spectxum which corresponds noth that of didymwm. 
(Bahr andBiinsen)* 

Erbia is a protoxide, Bb"0, containing S7’6 per eout. erbium and 12 4 oxygen, it 
does not unite directly with water It diesolvos slowly but completely in warm hydro- 
chloric, nitric, and snlpliurio acids. The erbintn-salts have a rose-rod coloui, deeper m 
the hydrated th.in in the anhydrous state , they have an acid reaction and sweet astrin- 
gent taste — Niirate of lirbium, obtained as above described, is n basic salt, EK'^NO®)-, 
Eb"0,3U“0, crystallising in small imparfectly-defined needles, having a light rose- 
coloui', permanent in the air, giving off their crystallisation-w.iier at a moderate heat, 
and being eonverted_ into erbia at a red heat witliout change of form It dissolves 
with diffleulty in nitric aeid, and is decomposed hy water into nitric acid and a golatinoua 
hypei'b.iBic salt— The sulphate, 3Eb''S0',SH''0, isomorpheus with the sulphates of 
yttrium and didymiiim, forms light roso-ooloured crystals, which give off their water of 
orystalliaatioii when heated, and recover it with groat ii.<.o of temperature when mois- 
tened with water. The liydi'ated salt dissolves very slowly in Wiiter, the anhydrous 
salt very quickly, a character exhibited also by the siilphates of the eorium-metSB It 
is partially decomposed by ignition — The o.w/«<e, 0 Eb"0'.H'0, is piecipituted from 
bolting acid solutions of erbium-salts as a light rosa-colourod, heavy, sandy powder, 
which may be e&eily washed by decantiition, and. does not give off its water till heated 
nearly to the tampuratvu'o at which it decomposes. 

The mother-liquors from the sevei'al erystalhsations of erbium-nitrate contain 
nitrate of yttrium, together with a cerfam quantity of the erbium-salt and the nitrates 
of the oeriiun-niot'da, which have not gone down with the nitrate of erbium in the 
succasaivo oryatallisationa, but have necumulatod in the mother-liquors. To obtain a 
puie yttrium-Bult, therefore, the eeriuni-metnla must, in the first place, be removed by 
repeated treatment with sulphate of potassium, till tho remaining solution, when 
examined by the spectroscope, shows no trace of the didymium-lmes. The sulphate 
of yttrium thus far pm'ifled, but still contiiinmg erbium, is next reconverted into 
lutmte, the solution of this salt is evaporated, the residue heated nearly to redness, 
and the resulting mixture of the oxides and hypocbaaic nitrates of yttrium and 
erbium is treated with cold water, whereby a solution is obtained, containing nitrate 
of yttrium with less erbium-suit than before, and a residua nch in erbium , and by 
repeating this treatment several tunes, n nitrate of yttrium is at length obtained, 
which exhibits no trace of an absorption-spectrum, and when ignited le.ivcs pure 
colourless yttris. (See TTrimrai.) 

The result of the whole aeries of operations is, therefore, to separate the ciaide y ttri a 
obtained from gadohnita into two earths, yttiiii and erbia, without any indication of an 
earth (the so-called terbia) of intermedin to basicity. 

On the other hand. Delafontaine (Ann. Ch. Pharm cxxxiv 99; Jahrosb, 186t, 
f. 196, Bull. Soc. Chim [1866] i 168) still maintains tho separate existence of orbia 
and terbia. Ha finds that the first precipitates thrown down by acid potiissio 
oxalate (as in Mosander’s method), from asohition of oriKlo yttria, yield, on ignition, a 
yellow residue, and if this be redissolved, and subjected several times to the same 
treatment, an earth is obtained of continually deeper yellow colour, and consisting 
mainly of srbia, with coraparativoly small quantities of terbia and jttria; from which 
It may be farther purified by dissolving it m mtric acid, evaporating to dryness, re- 
dissolving in water, saturating the neutral solution in the cold with pidverised 
potnssic sulphate, and washing the resulting prceipit.ite (consisting of erbio-potaaaio 
sulphate) with a saturated solution of potassic sulphate, which dissolves the double 
sulphates of the other two metals. Tho crhio-potassic salt dissolves easily in hot 
water, and the solution, treated with potash, yields erbium-hydrate, which may be 
redissolved, and completely purified from teibium and yttrium by repetition of the 
siune treatment. 

Anhydrous erbia, thus obtained, has a yellow colour of various depths, but becomes 
white by ignition in hydrogen. The hydrate is white, absorbs ciirbonio acid from the 
air, and when heated to redness, leaves the anhydrous oxide lu dense hard lumps of a 
deep orunge-ycllow colour Its solutions are colonrlcss, or sometimes have a faint 
rose-colour, and do not exhibit any absorption-spectrum. 

Terbia, the separation of which from yttria is not specially described, is (according 
to Delafontaine) an earth of a pale j-oso-eoloiir, and does not become colourless by 
Ignition in hydrogen It dissolves easily in acids, forming rose-coloured solutions, 


I Iho paper above referred to u accompanloJ lij exact diagtama uf the ri 
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"svliich yield an absorption-apecirum Delnfontaine is of opinion that the earth de- 
scribed by Biilu' and Bunsen ns, erbia, is really terhi.i, tho tnie erbia, which is first 
precipitated by oxalic acid from the solution of the mixed earths, having, as aboio 
iiieutioned, a yellow (not a rose) colour, and not produeiug an absorption-spectrum. 
Bahr and Bunsen, on the contrary, are of opinion that tho yellow colonr and other 
peouhorities of Delufontaine’s etbia ara to be attributed to imperfect separatiou of the 

Further experiments are perhaps required, to afford a perfectly satisfactory answer to 
the question nhcthri' ci'ude yttria is a mixture of tliiee eardis or of only two , but, for tho 
present, tho very carefully conducted experiments of Eahr and Bunsen must be regarded 
as throwing great doubt on tlie existence of the third of these earths — the so-called 
terbia. The fact which b 11s most strongly in favour of the opposite view, is that 
Delafontame'a terbia exhibits an absorptiou-apeetrum, whereas his erbia does not , but 
the descriptions hitherto given of his methods of separation are not sufficiently pieciso 
to enable ua to judge of their efficiency 

According to Delafontaine, the atomic weight of yttrium is (jttriu = 
Y"0) ) that of erbium is higher, and that of terbium higher still. He further regards 
it as probable that gadoHnite contains a lourth metal, whose salts have an absorption- 
spectrum partly corresponding with that of didjmium 

According to Bahr and Bunsen, the atomic weight of yttrium is 61 7, and that 
of erbium 112 8. 

)h 

TBBZiBilLiaiC ACID. 0’H''N0'‘ =. (C’ffO’)"|Q Terebamide —T\aB com- 

pouiidisproduc6il|by heating torebicBCid in ammoniu^gas to 140‘’-160°, as asiibliniste, 
which dissolves slightly m cold, easily in hot water and alcohol. The solutions are 
neutail to litmus, and do not decompose carbonates, Terobamic acid dissolves easily 
in causlio alkalis, and is separated from the solution by acids in its original state. 
—The ianum-ioii, C"H"Ba''N''0".2H-’0, is easily soluble in water, and dries up on 
evaporation to a gum it is precipitated in the oiystalbne state by alcohol, and forms, 
after drying, a loose web of microscopic needles having a silky lustra. (Haudw d. 
Ohem, nil, 575.) 

TBBEBABtlDB. See the preceding article. 

TBRBBBB E. All Optically inactive isomer of turpentine-oil (j ».). 

TERBBEBBS. Syn. With CauPHEjtns (i. 72i). 

TBREBEiric ACID. Syn. with Tbbbbio Acm. 

TBREBBlTTBEIirB. Ono of the tsomers of tuipentine-oil obtained by tho decom- 
position of the hydroehlorate, HOI, or the hydrohromate, C’“H” HBr It also 
forms the ehiof portion of the turpentine of Pmut marittma. (See Tobpentihe Oil.) 

TBBB8EirXII.IC ACID. 0*H'»0“. (J Porsonne, Ann. Oh Pharm.c. 263.)-- 
This acid is obtained by passing the vapour of fused turpentine-hydrate over soda- 
lime heated to 4U0^ and treating the resulting mass with hydroehlorio acid'; the 
reaction is attended with the evolution of large quantities of inarsh-gas and hydrogen 
= 0“H>”0* -1- 2CH* + H'. 

This acid is white, has a faint odour resembling that of the goat, is heavier than 
water, molts at 90'^, and distils with partial decomposition at 2('0'^. It is insoluhlo in 
cold, but soluble in boibng water, and separates, on cooliug, as a powder eonsistiug of 
small needle-shaped crystols , it is very soluble in alcohol and in ether. By sublima- 
tion, it crystallises in small spangles, apparently having the form of oblique prisms 
Its vapour is acrid, and attacks the nose strongly. 

Terehentiltc acid is monobasic, — Its calctum-sali, formed by treating the acid with 
lime, crystallises in small silky needles, xesemblmg Bulph.ite of quinine — The Uad- 
sali is imoi'y.stallisabIe, and resembles gum-avahie. — The sdmf-salt, CH'AgO*, is 
slightly soluble in boiling water, and crystallises on cooling^ 

‘With alcohol, terebentilio acid easily forms an ether having the odour of pears and 
pine-apples. 

TBBEBEIO'ZIC ACID, An acid prodnood, according to Oailliot (Ann. Ch. 
Phys [3], XXI, 31), together with terophthnlie acid, by the action of nitric acid 
on turpentme-oil It is separated from the terephthahe acid by boiling water or cold 
alcohol, and crystallises from the aqueous solution, on cooling, in small shining needles 
said to liave the composition 0"I1'0' It volatilises easily witli the vapour of boiling 
water, melts at 169“, boils at a much higher temperature, but sublimes at 100“ wheu 
heated lu open vessels Its ether has an agreeable odour of anise, and boils at 130". 
The metallic tor6benz.itPS are about as soluble in water as the benzoates. 

TERBSIO ACID, ^ 1 0“.— A product of tho action of nitric 
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uaidu)?oiiturpeutme-oil, discovered by Bromaia(Aflii. Cb Pham, xvxvh 297), who 
culled it acid , futther examined by Rabourdm (.T Phftrm. [3], vi. 186), 

wbo designated it as tercliho or terehemo aeict , by Oailliot (L Institut. 1819, t). 363), 
and lastly by Svanberg and Eckmann (.T. pr. Ohem. Ixvi. 220). 

To prepare it, oil bl turpentine is heated with four or five times its weight of nitric 
acid diluted with an equal bulk of water, aa long as red fumes are evolved, whereby a 
raddish-yellow brittle resin and a yellow acid liquid are obtained, This liquid, 
evaporated to a syrup, and diluted with a large quantity of water, deposits a whitish- 
yellow precipitate, having tho consistence of pitch; and the watery liquid separated 
therefrom yields erystaUino torobio acid. (Svanherg and Eckmann.) 

Torehic acid crystallisea (according to Bromeie) in tolerably regular forms, 
appearing under tho niieroseope as four-sided prisms with oblique terminal faces, and 
exhibiting an extraordinary lustra on their lateral faces. It has a purely acid taste, 
dissolves slightly in cold, more readily in boiling water, easily in alcohol and other It 
IS not decomposed by mtno acid at the hoihng heat, hut sulphuric acid chars it, Tlie 
acid melts at 200° without loss of weight ; but at a higher temperature it begins to 
boil, and is resolved into carbonic anhydride and pyroterehic amd • -= CO' 

+ CWOh 

Terebates. — Terebic acid is dibasic.’ It decomposes carbonates, forming acid salts, 
O'H'MO' and which have an acid reaction, hnt do not exert any farther 

action upon carbonates. In contact with metalho oxides and hydrates, however, the 
acid fonns neutral salts, O’H’M'O' and O’HWO'. It resembles sidioylio acid m 
forming acid more readily than neutral salts. It also forms acid ethers, which act 
ivith bases like a monobasic acid. 

The neutral terebates all contain water of crystallisation, and retain at least one 
atom of it until heated to a temperature at which they decompose. "When dehydrated 
M fur as possible without decomposition, they have the composition 
Hence they ate regatded by CaiUiot as salts of a peculiar amd, which he 

calls diaterehio acid But, as they yield terehic acid when decomposed by acids, 
this supposition does not appear to rest on very good grounds. 

Terehafes of ^mmontum — ^The neutral saft is doliqueaoent and uneiystallisable. 
— The aoid salt, C’11“(1TH')0', forlns very soluble prisms ; which give off their ammonia, 
slowly at ordinary temperatures, qmckly at 100°. 

Terebates of Bar turn. — The netctral salt, 2C’H“Ba"O‘.0H'O, obtained by adding 
baryta-water to a solution of the acid salt, and precipitating the excess of baryta with 
carbonic acid, dries up to a gummy mass, which gives off 2 at. water at 140°, leaving 
tho salt 20’H*Ba"0*.3H’0. This hydnite, which appears also to he precipitated by 
alcohol ffom the aqueous solution, deliquesces on exposure to tho air, and fiien yields 
crystals of another hydrate, 0’H“Ba"0',3H*0 (CaiUiot) — The aetd hanim-salt, 
0'*H'SBa''0*.2H’'0, or C’H'Ca"0'.C’H'“0*.2H*0, obtained by treating the aqueous acid 
with carbonate of barium, la precipitated &om its syrupy solution by alcohol in 
needles (CaiUiot); according to Svanherg and Eckmann, it is uucrystallisahle. 
A more dilute solution mixed with alcohol slowly deposits nodules of the neutral salt, 
while free terebic acid remains m solution. 

l:\ioneutral ealaium-salt separates, by spontaneous evaporation of its solution, 
in microscopic tables, containing 2C'H"Ca"0' 6H’0 ; but on boiling tho solution, it is 
deposited m small crystals containing C’H*Ca"ObH*0 

Terebates of Lead.—Tko neutral salt, 3C’H‘Ph''0'.2H*0, forms orystalliae 
nodules, which are insoluble m cold water, and are decomposed by boiling water, with 
formation of a basic salt. — ^A basic lead-salt, 2C’H“Pb''0'.Pb"H“0' SH'O, is also pre- 
cipitated on evaporating a solution of 1 at lead-oxido in 1 at. terebic acid, — Cailliot 
likewise describes a salt contaimng 20'H'T’b"0‘.6H''0, whieli he calls metaterebate of 
lead, representing it as 2PiO — ^Tlie acid lead-salt, C''H'*I’b"0*.ffO = 

0’H.“Pb*O' 0’H'"0'.H’0, IS obtained by saturating the aqueous acid with litharge, 
taking care that the latter is not added m excess, and crystallises from the liquid, 
evaporated to a syrup, in small white groups of crystals resembling cauliflower-heads. ' 

The acid yiafasaiam-fafif, 2C'H“KO',H-’0. obtained hydissolvmg carbouate of 
potassiiim in an equivalent quantity of the acid, and evaporating to a syrup, forma 
very soluble crystals, which give off their water at 100°. — The acid sodium-salt, 
20'H’’HuO'.n=0, prepared like the preceding, also gives off ita water at 100°. 

Silver-salts . — ^Tho neutral salt, C’HfAg'O' H'O, obtained by precipitating a 
solution of the neutral barium-s.ilt with nitrate of silver, is unorystdllisable (Svan- 
herg and Eckmann), According to CaiUiot, it dissolves very slightly in boiling 
water, and separates therofroin m needles — Tho acid silvtr-salt, C’H”AgO', obtained 
by prodpitoting the acid aramonnim- or barium-salt witli nitrate of silver, then evapo- 
rating, and leaving tho solution to cool slovly forms li6.iut!M shining prisms 
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TBKEBXC ETBBBS. Terebic acid, as already observed, forma acid ethers, 
which react like monohaBic acids , they are prepared by the direct action of terehio 

C'HW) 

acid on tlie several alcohols.— acid, C'H"(G’H")0* = is 


on oil, having a burning but not acid taste, sparingly eoluble m water, and hot apable 
of being distilled without decomposition. Its salts have but little stability, and are 
resolved by the slightest heat into metalhc terabate,ethyl-torebic acid, and alcohol, c-^r. 

C“H"'Ba"(0»ff)=0s + H=0 = C'HeBa'O* + 0»H»0 + [G*H»(G^H«)0<]. 


The meth^ho and amyha ethers resemble the fethyhc ether in composition and in 
pripertiea. (Gailliot, ha.cii.) 

■rEREBU>XC B.CII>. Syn. with TEtuamre Acin. 

TERBC AKPHEITB. All isomer of turpentme-oil (j.B.). 

TERECKKYSIC or TBRECBVEIC ACID. 0“H«0*. An acid said by CaiUiot 
to he contained, together with oxalic, terephtliahe, terebenzie,, and turpentmic acids, in 
the watery liquid obtained by oxidising tuipentine-oil with nitric acid diluted with an 
equal bulk of water, 

TBREinTE. A mineral ftom Antwerp, in New York, of specific g^’avity 2 AS, 
regarded by D an a (ii 203) as an altered form of ecapolite. 


XEBBPKTHAEIC ACID, O'H'O^ = Insolinic Acid.— A 

product of the oxidation of tiirpentine-oil and other hydrocarbons and of certain alde- 
hydes. It was discovered by Gailliot (Ann Oh Phys. [3J, sari. 28), who obtained it 
by the action of nitrio acid on tnrpentine-oil, and more completely examined by Do la 
Rue and Hugo Muller (Ann. Oh. Rharm exxi. 86). Hofmann (ibid, xcvii 107), 
by oxidising oununic acid, cummio aldehyde, and eymene with chromic acid, obtained 
a dibasic acid, which he called insolinic acid, and represented by the formula G*H"0', 
but, according to De la Rue and Muller, this acid is identical with terephtliahe 
acid, Aocoidiiig to Sohwauert (tiiii. cxxxii 267), terephthahe acid is produced by 
the action of nitric acid upon several volatile oils . eymene, tnrpcutme-oil, lemon-oil, 
thymene, and cajoput-oil, oxidised with nitric acid, yield terophthiilic and camphrotic 
acids ; oumin-oil yields terephthahe but no eamplirotie acid; camphor, worrawood-oit, 
horneol, and peppermint-oil yield camphrotic but no terephthahe acid , thymol does 
not yield eitlier of these acids ; thyme-oil or thymene yields, together with terephtha- 
lio aoid, an oil having the composition of Hofmann’s insolinic acid. De In Rue and 
Miiller (liid. exx. 339 , cxxi 86) have obtamad terephthahe acid, together with other 
acids, by the action of dilute nitrie acid on rectified coal-tar oil (a mixture of toliiones 
xylene, and psoudocumeue), and on the liquid hydrocarbons of Burmese naphtha ; they 
find also that it is always produced in the preparation of toluyho acid from eymene, and 
in the treatment of that hydrocarbon with fuming nitric acid for the production oi 
nitrotoluylio acid, the result being the same whether the eymene has bean obtained from, 
Roman cumin-oil or from camphor. According to BeilsteinfiAuf oxxxiii 32,exxxvii. 
801), xylene oxidised with dilute nitric acid yields only toliiylio acid' C*H'“ + 0“ = 
C‘H“0^ + H’O ; but when treated with sulphuric acid andpotussie dicliromate, it yields, 
by fui'tlier oxidation, terephthahe acid, which indeed is likewise produced by the direct 
treatment of toluyhc acid with the same oxidising mixture. 

Freparntion — 1. From T^rpentine-oil.—’Jth.e oil is treated, m a retort, with a large 
excess of nitric acid diluted with an equal bulk of water, aa long as rod fumes continue 
to escape. The acid mother-liquor thus obtained is separated from the resin, and the 
residue is treated with cold water, which again leaves an orange-yellow resin, contain- 
ing terephthahe and terebenzie acids The latter may be removed by solution in cold 
alcohol and boiling water , the terephthalic acid is then dissolved in ammonia ; and 
the resulting ammonium-.snlt, after being purified by repeated crystallisation, and boil- 
ing with auiin.Tl charcoal, is decomposed by a mineral acid. 

2 From Oummic Acid, Oiminw Aldehyde, Xylene, &c. — One part of cumimo 
acid is cohobated for about twelve hours with 1 pt of dichromato of potassium, 
8 pts of strong sulphunc acid, and 12 pts of water Terephtholio acid is then 
found floating on the green liquid, after cooling, as a white flour-like powder, 
and the hquid retains in suspension a greenish half-fused mass, consisting of 
chromic terophtbalate. The liquid is now to be filtered, the insolnhle matter washed 
with water to remove the soluble chroniinm-salt, and the residue boiled with 
.ammonia, wliich dissolves lorephtliiilie aeid, leaviiig chromic oxide undis.solved. 
The ammoniacal solution saturated with hydiochlorie acid yields a white powder. 
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■whicli, whon repeatedly boiled with water, or heated with boiling alcohol (to remove 
adhering cumniic acid), constitutes pure terephthalie acid (Hofmann), In a similar 
manner terephthalie acid may be prepared j&om Boman cumin-oil, which is a mixture 
of cumime aldehyde and cymene. Beilatein prep.irea it by boilmglOOgmis. xylene 
for several days with 400 grms potasaium-diehromate and 660 grms. oil of vitriol 
diluted with twice its weight of water, — thou filtering, dissolving the residue in carbo- 
nate of sodium, diluting with a large quantity of water, and precipitating with hydro- 
chloric acid. 

Properties. — Terephthohe acid is a white, tasteless, crystalline powder, not percep- 
tibly soluble m water, alcohol, ether, chloroform, or acetic acid When warmed with 
strong aidplnirio iieid, it dissolves in considerable quantity, witliout formation of a 
sulphotereplithalic acid, and is separated in its original state on addition of water. 
When heated, it sublimes without previous fusion, forming an indistinctly erystalhiie 
sublimate, which has the same composition and properties as the original acid ; toreph- 
thahe aoid is not therefore, like il s isomer, phthalic acid, resolved by heat into water and 
the anhydride. When heated with potash, it is resolved, like phthalic acid, into ben- 
zene and carbonic anhydride (De la Bue and Muller), Hofmann’s inaolmic acid 
melts at a very high temperature, its melting- and boiling-pomts nearly coinciding. 
When distilled, it partly sublimes unaltered, while the rest is decomposed, with 
formation of benzoic acid and benzene, carbonic anhydride being evolved, and a carbo- 
naceous residue remaining in the retort.* 

Tcrephthalates — Terephthalie acid dissolves in alkalis, neutralising them com- 
pletely, and IB precipitated from its salts by phthalic acid. Although dibasic, it does 
not form any double salts, and shows but little tendenoy to form acid salts Nearly 
all the terophthaliites are soluble and crystallisable, and so inflammable that they 
may be set on fire by a spark from flint and steel, and burn aw'ay slowly like tinder, 
emitting the characteristic odour of benzene Terephthalie acid forms acid and neutral 
ethers (p 727). 

Tcreplithalate of Ammomim, C®H*(NH<)’0*, crystallises, by slow evaporation, in 
small crystals having a strong lustre (Beilstein).— The hanum-salt, C“H'‘Ba"0‘. 
4H"0, obtained by mixing the concentrated solutiou of the ammonium-salt with 
chloride of barium, crystallises from water in concentrically-grouped tablets, which 
become anhydrous at 160°, and dissolve in 360 pts. water at 6° — The oahium-saU, 
CsH'Ca''0''.3H=0, prepared in like manner, dissolves ill 1213 jits water at 6’ (Beil- 
Btoin) — The sifrer-sa/f, C“H'Ag-0', separates ns a curdy precipitate on mixing the 
solution of the ammonium-salt with nitrate of silver (Do la Bue and Muller,) 

IfitToterepbthallo A.aid, C'HXNO-)©-*, is formed by the action of a mixture of 
fuming sulphuric and nitric acids on tereplithdho acid, and separates from water in 
cauliflower-like aggregates It dissolves easily in hot alcohol, forms ■well-orystallisod 
motallie salts, and eCTstilhsable ethers, which dissolve easily in alcohol and melt at 
low temperatures By reducing agents it is converted into oxyterephthalamic or 
amidoterephthalic acid {infra) (De la Bne and Muller ) 

OxYTEiiispimuLio Aoid, C“H''0', is produced by the action of nitrous acid on oxy- 
terephthalamic acid. It forms well-eiystaUised salts, less soluble than the corre- 
sponding terephthalates (De la Bue and Muller.) 

TlBSBFBTHAIilc AUKisilS. 1. Terephthalamide, O'HWO' = 
N-'.H.b(C''H*0*)", produced by the action of ammonia on terephthalie chloride, is a 
while amorphous body, not dissolved by any solution, — 2. A’tti oterephthalamide, 
G“HXNO-)N“0^ formed by the action of fuming nitric acid on terepluhnlaiuide, crys- 
tallises in fine prisms — 3. I'ercjiAilAafj/f-'iiitrzfe, is obtained by treating 

teraphthalamide with phosphoric anhydride, distilling over as a liquid, which solidifies 
in the neck of the retort. It forms fine prismatic crystals, colourless and scentless, in- 
soluble in water and an benzene, easily soluble in cold alcohol. When boiled with 
'caustic alkalis, it is gradually converted into ammonia and terephthaho aoid. 

IN 

4. Osyierophthalamio Amidoterephtha- 

H y 

Ua Acid, C'HXNH’)©'*, is produced by the action of reducing agents on nitrotereph- 
tlialio acid.' It crystallises in thin prisms, and often m mosslike gioups of crystals, 
sparingly soluble in cold water, ether, alcohol, and chloroform. It unites both with 
acids and with bases ; the solutions of the latter compounds are highly fluorescent. 

The ethers of oxyterephlluilnniic acid are foimed by the action of reducing agents 
on those of nitroterophthahc acid. — The ethylw ether forma large orystiils resembling 

* lys° jmol'ntc ncM are jhe ttn” ot teraphlliinc ^cljl , but the 
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uraiue niU'iite , its. bolutions are strongly fluorescent. Oxyteieplithalamic acid is con- 
voi'tod liy nitrous ucid into oxyterephthalic acid. 

TBBBPHTHAIIC CKBOBIBB, C“H<0'‘C1» is produced, togetlier with plios- 
plioiic OX) chloride, by the action of phosphoric pentachloride on terephthalic acid at 
■10° It forma beautiful crystals, inodorous at ordinaiy temperatures, but smelling 
when heated like hcnzoic chloride, which it resembles in its reactions. (De la Kue 
andMuliei) 

TB11EPHTHAI.1C BTBEItS. Terephthalic acid forms both neutral and acid 
etliors The neutral ethers are formed by the action of terephthalic chloride upon 
alcohols, or by tliat of alcoholic iodides on the silver- or potassmm-salt of terepiithalie 
acid — The acid ethers are usually formed in small quantity, together witli the neutral 
ethers, by the action of alcoholic iodides on terephthnlato of silver. They are well- 
marked monobasic acids, and form salts insoluble m alcohol. 

Neutral Amylic Terepidhalaie, C“S‘(G“H‘')“0^ forms pearly scales, which melt at 
the heat of the hand — The neutral ethi/iia ether, forms long prismatic 

crystals rasembbug urea, and e.i8ily soluble in alcohol (De la Eua and Muller) 

It melts at 44°, solidifies at 29°, is msolublo in water, but dissolves easily in alcohol 
and ether IBeilstein) —The neutral mcthylie ether, forms heautiful 

flat prismatic crystals, several inches long, which melt at a temperatime above 100°, and 
sublime without decomposition. It dissolves easily m warm, loss easily in cold alcohol 
(De la Eue and Mullerl According to Beilsteiii, it melts at 140°, and solidifies 
ag.nn at 130°— The neutral phenyho ether, C''H'(C‘H®)’0*, is white, crystalline, and 
molts at a temperature above 100°. (De la Eue and Muller.) 

TBRBPHTHABYB-N'ITJtXBB. Sea TnusPiiTuaua’Animss (p 720). , 

XBROFlAniniOMB. Syn with Teiopiahylauidb. (See OpiANic Acid, Amidls 
OF, IV. 206 ) 

XBBFIXiBHB. See Tubpbntimb-oii., Htduatks of. 

TERPtwoi.. I Hydrates of turpentine-oil (y. v.). 

TSiaHA OATECHTI. Syn with Catbchu (i. 816). 

TBRRA SI SIBSTA. A feirugmous clay, occurring ne.ar Siena, in Italy, in 
thick brownish-yellow masses, olten bgbt-yeUow in the middle, and yielding a 
greenish-yellow poivdcr. It has a specific gr,v\nty of 3 46, a conehoidal fracture, and 
adheres strongly to the tongue According to Eownoy, it contains 75 8 per cent, 
torric oxide, 9 5 idumina, 111 silica, and 13 0 water, besides small quantities of lime 
and magnesia 'When burnt, it becomes brown-red, and yields a dark-red powder It- 
IS used as a pigment, both in its natural state, astau/ezena, and, after ignition, as iurnt 

TBRRA FOIiIATA TABTARI. A name of potassium-acetate. Sodium- 
acetate is sometimes called 2krru/ol tart ctyetaUisohdui 

TBRKA JAPOWIOA, Syn. with Ca'ip.chu 

TERRA BBIttWIA. Leminan enith (iii 670). 

TERRA IWIRACVEOSA. Obsolete name of bole. 

TERRA MURIATICA. Obsolete name of magneaia 

TERRA ROBIXiIS. A name .ipplied by Bergemann to the diamond, at a time 
when its real nature was not known 

TERRA POTffEEROSA. An old name of baryta. Terra ponderosa sahta, 
old name of bimum-ehloiido 

TERRA VMBRA. See Ujibkk 

TERRA VITRBSCIBIEIS. One of the three elementary earths assumed by 
Bechar, and supposed to bo especially abundant in siliceous minerals. 

TESSEEITE. Syn. with Apophyu-ite (i. 351) 

TBSSERAIi PYRITES. A name applied to the native arsenides of cohalt, 
smaltine and skiittorudite, both of which crystallise m tho monometcic or tosaeral 
system (i. 1041). 

TETARTIHE. Syn with Amite (See Eixspak, ii. 621.) 

TBTARTOHEDRY. See CuYSTAMOOEAPHY (ii 121,144). 

TBTRA. A prefix applied to compounds containing 4 at. of a chlorous element 
to 1 at. of a hasyloiis element, c.p’ , tetrachloride of tin, SnCl', also to siihstituticm- 
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compouads. in whicli 4 at» hydrogen are replaced hy a radicle, simple or compound. 
f,.g , totraeliloroquinone, tettamethylamaiounHn, &e 
TEXB.aL.CXiASXTB. Syn With Soasohtb (p. 203). ' 


XEXBASZICVX, or XETRABBOAX'S'I,. C"H™ , also called Mynatyl—Ttio 
fourteenth terra of the aeries of alcohol-radicles, — Tctradooylio kydnde 

is one of the constituents of American petroleum, it boils bet-ween 236° and 
240°, and is converted by chlorine into the corresponding chloride, C‘*H’'’CL~ Kira- 
deeyho or Myristus AleoJtol, or Methal, C”H““0, is one of the constituents of sper- 
maceti (ill 1072). 

XEXRADYnilTE. Native teUnride of bismuth (p. 707). 

XEXEAREDRXXE. FaU-ore, Grey Cojijier, Fahlere, Kwpferfaldert!, Panabase. 
— Varietias : Palytdite, Weiasgiliigere or Silberfahlere; SohviaregiUigcre and Grau- 
giltigcrs , SpoMoUte or QueekailberfaMers 

The name tetrahedrite, or fahl-ore, is apphed to a group of isomorphous minerals, 
crystallising .n hemihedral forms of the monometric or regular system, and consisting 
of mistnres of sulphur-salts (siilphantuaoiiites and sulpharsenites), in which the 
sulplnu; of the base is to that of the acid, for the most part, as 4 , 3. The general 


denoting Cu (cuprosum) and Ag, and N" denoting Pe, Sn, and Hg (=> 200), 

Tho forms of most frequent occurrence are the regular tetrahedron, 2 (Jig. 100, : 
230),»tlio triakis-tetirahedron (Jig. 790), and the combmatdons ■ ooOc 

(/;? 197,11.231), + 5 . coO 203, li 232), +§ . . +1°?. 

ooO (jSff, 798), + ~ • a>0 and others. 


%. 796. Fiff. 797. 



Twin-crystals occur, with octahedral composition-fhco. Cleavage octahedral iu 
aces. The mineral also occurs granular to impalpable, and compact. Hardness =» 
F^. 798, 3 to 4'6. Specific gravity => 4'5 to 6 11. Lustre 

metallic Colour between steel-grey and iron-blaok. 
Streak generally the same as the colour. Opaque, or 
subtranslucent m very thm splinters, with cnerry- 
xfed transmitted colour. Hracture subeonohoidal, un- 
even. Eathor brittle. 

Before the blowpipe, it gives oif fumes of antimony 
and somefames of arsenic, then melts, and after 
roasting leaves a globule of copper. When pulverised, 
it dissolves with little residue in nitric acid, forming 
a hrownish-green solution. 

The best mode of analysing tetrahedrite is that of 
H. Bose, which consists in heating the mineral m a 
stream of chlorine; the metals are thereby converted 
into chlorides, soma of which are volatile, while others are fixed, a division which 
greatly facilitates the fuither separation (p. 637). 

Jrkyees-. — 1,2. H Kose (Bogg Ann. xv 576). — 3. Svanborg (Kongl. Vetonsk. 
Acad Foi'hl. IV. 86). — 4. Eammelsberg (Jlfinerafo/icmte, p 87). — 6, 6, 7 H Eoso, 
(Ino. nt.) — 8. Q-enth (Sill, Am J. x-n. 83).— 9 Sehoidhauor (Pogg, Ann. Ivui. 
161). — lO.Ton Hauor (.Tahrb. Geolog Eoichs. 1862, p. 98). — 
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Aphihonite 7 
Wermland.5 


. Pb 0 04, Co 0 40 gaoguc 1 20 = 


i 25 48 17*76 11*56 2078 1*42 2*63 10 53 . 


‘ ' 1660 = 98-S8 

Most of tlieae analyses agree nearly with the general formula ahovo given. 

When the mineral contains much silver, it is called Pol^elite, Silberfahl-ore, or 
WeissgiUigerz, A variety of this mineral, whieh occurs massive and fine-grimular, of 
spodflo gravity 6 438 and 6'465, at the “Hofftiung Qottes” mine, near Freiberg, con- 
tains 36 to 38 per cent lead, together with 22-53 S, 22 39 Sb, 6 92 — 6 73 Ag, 3-72 — 
3-83 Fe, 3 16 — 6 7 Zn, 0 lij — 0 32 Ou -= 100. In this mineral the snlphiir-i-atio for 
tlie buses and acids is3 • 2; but it may be regarded as teti-ahedrite, if some of tbo bases 
are reckoned as impurities. 

An ore from mine Altar, near Coqnimbo, was found by Field (Chem See. ftu J.iv. 
332) to oontniu 30-35 per cent. S, 3 91 As, 20 28 Sb, 30-73 Cu, 7-26 Zn, 1 23 Fe, 

0 075 Ag, and 0 008 Au. It is soft, of greasy appearance, greemsh-gray, slightly 
reddish, and yields a bright-red powder. Domeyko considers it impure, containing 
blende, pyrites, and galena. Ettling observes that it is analogous in constitution rather 
to onargite than to tetruhedrite, corresponding to the formula 4M^S.(Sh* , As-)S“. 

Aplitlioniie, or Aftomte, from Wermlond, Sweden, has a steel-grey colour, and black 
streak ; hardness = 3 , spedflo gravity = 4'87. It gives the formula 7M“S. 
(Sb’, As’)S''. 

Anmvite is a massive ora from the Aunmersthal in the Valais, coutaming (after 
deduction of 9-4 per cent of quarta) 26-22 per cent. S, 12 10 As, 9 71 Sb, 6-46 Bi, 
39 26 Ou, 4 15 Fe, 2-22 Zn = 99-21, which agrees nearly with the formula 8M’S. 
(Sb’, As’, Bi’)S’ , but the mineral does not appear to have been completely examined. 
Ken ngott ( UehmioM, 1866, p. 120) regards it a» an impure toti-ahodnte 

Tennanitte, wiiieli is a sulpharsenite of copper and iron, isomoi-phous \nth totrahedrite, 
is by some mineralogists regarded as a variety of the latter; but its composition 
does not agree with the formula 4M’S.A8’S*, but rather with 7M'‘S.2A8’S*. (See 
Tunnantite, p 720.) 

For a full discussion of the formula of totrahedrite, see Saminelsbcrg'a Mmcral- 
cherme (pp. 90—99). 

Large tetraliedral eiystals of totrahedrite, haviug mostly a rough dull surface, are 
found m the Cornish mines near St. Austel More brilliant and highly modified 
crystals occur at Andi-easberg in the Harz, Kremiutz m Hungary, Freiberg in Saxony, 
Kapnik in Transylvania, and DiUenherg in Nassivu. (Dan a, ii. 82 ) 

TSTBAKBBCtilL&mKonrxiiM. See MsBcuBV-nASES, AuuomACAi (ui. 
917). 

trBTBAIWBTH YB AMKOXVZtmZ. N(CH’)* — Most of the compounds of this 
base have been already described (ill 999) Stfthlsehmidt(Pogg Ann. exix 421, 
Jahresb. 1883, p 403), by treating tri-iodide of nitrogen, or tn-iodamide, NI’,* with 
au excess of methylie iodide, has obtamed penta-iodide of totramethyl- 
ammonium, together with iodoform 

2N1’ + 9CH»I - 2N(CH’)H* + CHI’ + 2HI. 

The brown liquid resulting from the reaction, is almost wholly soluble in boiling 
absolute alcohol , the solution, on ooohng, deposits green crystals of the peutaiodido , 
and the mother-liquor, on further evaporation, yields iodoform. — ^If the liquid con- 
tains fz-oe ammonia, protoiodide of tetramethylammoiiinmis likewise formed, 
and unites with the iodoform, producing the crystallma compound, C“H' 'FTP = 
N(CH’)<I 2CHI’, 

The pentaiodide of tetramethylammoninm easily gives up 4 at. of its iodine to 
alkalis and reducing agents. With aqueous potash, it forms a yellow solution, winch 
contains the protoiodide, together -with iodide and lodate of potaesiiim, and, when 
treated with acids, again yields the pentaiodide. 
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On mixing a warm, aaturated, alcoliolie solution of fho pentaiodide with aqueous 
ammonia, or heating tho pulverised _ compound with strong aqueous ammonia, or 
mixing an alcoholic solution of iodine with iodide of tstramethylammoniimi and 
ammonia, a hrown-blaek or darlc-green explosive compound is formed, consisting of a 
compound of tri-iodide of tetrumethylammoniiim with di-iodamide. = 

N(OH’)^I*.NHI', or leas probably of di-iodide of tetramethylammonium and tri- 
lodamide, This componnd may ho dried without decomposition, if the 

dry.ng he carefully conducted , but it explodes easily when touched with a feather, or 
with oil of vitriol, or when heated above 100°. It is insoluble in water and in dilute 
alcohol; hut hot absolute alcohol dissolves it, apparently with decornposition, and 
formation of tctramethylammonium-pentaiodide. — Nitrate of silwr removes all the 
iodine in the form of silver-iodide, • The compound is decomposed by boiling potash- 
Icy, with formation of a small quantity of iodoform With mlphydno acid it decom- 
poses in the manner shown by tho equation" 

C^H'»N-I» + 3H*S « Iir(CH>)T + NHT -i- 3 HI + 8», 

HyirocUorio acid also decomposes it, with separation of iodine. (Stahlsohmidt.) 

TBTBAMBTKTrX-saTRYJiBM'ai When 1 vol ethylenio bromide is heated 
with 2 vols. methyUc sulphide to 100°, the two bodies gradually unite into a cryatal- 
liue mass, consisting of tetramethyl-ethylene-sulphobromide, 0*H'‘Br''S” = 
(OW)" Isr- ’ dissolves easily in water, and separates therefrom, by evaporation 
in avacuum, in well-defined crystals This compound dissolves in all proportions of hot 
water, lees freely in alcohol, not at all m ether, and is precipitated by ether from the 
alcoholic solution, in white prisms. When treated with a eilver-salt, it forms, together 
with bromide of sdver, a crystallisable veryr deliquescent compound. Witb recently 
precipitated silver-oxide, it yields a caustic alkaline solution, containing the oxide 
(Cn'')^(0*H'')S*O. The deliquescent bydrochlorate forms, with platinio chloride, the 
flouWe salt (CH*)*(0’H^)S*CltPtCl' (Cahours, Compt. vend. lx. 620, 1147 ; Jahresh, 
1806, p. 477.) 

TBTBAWITROtrAPHTHAMWS. C'»ff(NO’)t— Trinitronaphthalene (iv. 
16), treated with fuming nitric acid in sealed tubes, is converted into tetranitronapli- 
tluiiene , and both nitro-compounds, when acted upon by iodide of phosphorus, yield 
iodides of polyatomic bases, analogous to iodide of pierammomum (iv. 640). (Laute- 
inann andD’Ajuiar, Bull Soc. Chim. 1864, 1 . 431.) 


TSTBAPHOSPBAMIO ACIBB. (dladstone, Proo, Hoy. Sec xv 616.)— 
These we amio acids derived from totrapliosphone acid, P<H”0” (the acid of Pleit- 
mann and Hennoberg’s phosphates, iv. 637), and produced bytlie action of water on 
tho compounds of phosphoric oxychloride with ammonia.* — Teiraphosplhoietraniio acid, 
pi(NH^)''S* 0 «,or^o| 00 ^, IS ft boM stable body, insoluble in alcohol, but soluble in 
water, and combining ncadily with bases, the amount of replaceable hydrogen appear- 
ing to vary from 1 to 6 atoms 

PM™ 

T> iamnumiated Tetrapiocpicdiamie Joid, P\NE’)\NS>yB.0“ =. 

(NH-)') ^ 

a mseid liquid, insoluble in aJeoIiol, but very soluble in water It forms a h'quid 
compound with ammonia, but metallic salts appear to brook it up into a variety of 
bodies By tbs action of boat, boihng water, strong acids, or alkalina carbonates, it 
may be converted into tetrajibosphoteh’amic acid Among the bodies formed from it 
when heated alone, is a white substance, insoluble or nearly so in cold water, and 
having tho same composition as ammonium-metaphosphate, PNH^O’ , this suhstance 
16 at once transformed, by hot water or dilute acids, into pyrophosphodiamio acid 
Tetraphosphypmdazotic Acid, P'NWO’, is formed when oxychloride of phosphorus 
16 fully saturated with ammouia, and the resulting mass is heated to about 230°, and 
washed with cold water. It is an insoluble body capable of decomposing metollic 
suits, and contains 1 at. of hydrogen replaceable by potassium or ammonium. 
Wlion treated with slightly aoididated nitrate of silver, it yields a tetrazotio salt, 
P'N'H‘Ag' 0 '; which, when decomposed by mineral acids, yields tetraphosphotetramio 
acid and other compounds [Por the discussion of the rational formulB of all these 
compounds, see the original paper above cited ] 


TETRAPKOSPBATBS. This name may be applied to one of the classes of 
phosphates discovered by Heitmann and Henneberg, namely (it. 637). 


• fh(J8pl>orJP 
of sa 


ox}chlorI(ie absorbs either 2 or 4 molecules of Ammonia, forming white solids, 
il-ammoniac, mixed, in the oua ease, with and in the oti 

((nadstouc.) 
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T31TH,ASUMKODtPHHNYlHWIO ACXB. 0 '®S». 4 H.“S 0 ‘.— An arad 
formed, together with triaulphodiphenylenic acid, G'-H*' 3 H*S 0 S by heating sulphate 
ot diiizobeuzidina (tetrazodiphenyl) with stiong sulpbune amd (iv. 418) 

TBTBATHIOWIC AOXS. See SunPBDB, OxYQEN-ACrDS op (p. 641). 

TBTSAZODIPHBMVIi, C'^HW Syn With Diazobenztdimh (ip. 412). 

TBTKAZOSIPHEirVB-AnilSOBBigrzOX.. Syn. with Diazo- 

busziihne-Anllm (iy 413). 

TBT»AZ01>j:PK£I(rY:i:.XMISB. A compotuia produced hy 

the action of aqueous ammonia on perbromide of diazobenzidine (iv. 412). 

TBXBAPKYIiin'E. Syn. with triphyline. (See Phosphates, ir. 672.) 

TBTBEWB. Syn, with Tetbti.ene. 


TBTRBXKVIiAlWlWOMXTTlH. N(C*H‘)h Most of tho compounds of this base 
have been abeady described (ii. 661) — A olilonodide, N'lC‘H'‘)''Ol*I, is produced by 
adding aqueous protoehloride of iodine to a solution of chloride of tetrethylammonium 
ill dilute hydrocnlorio acid On gently heating the liqmd, and leaTing it to stand, tho 
chloriodule is deposited in largo fern-loaf crystals, belonging to the regular system. 
It IS move soluble lu dilute hydrochloric acid than m water, which latter causes 
decomposition. The solution reacts like protoehloride of iodine (W. A. Tilden, 
Chem Soc .T six. 146 ) 

The following compounds of tetrethylaimnonium. with metallic acids have been 
txaniiued by Al, Classen (J pr Ohem. xciii. 416; Jahresb 1864, p. 420) : 


Tungstate, (C''H«N)’0.2W0» . . 

Molybdate, (C»H®N)’0.2MoO* 3H’0 

Stannat^ilSfgvInS;^;^! 

Neutral chromate, (C‘H“N)*0 CrO* . 
Diohromate, (C“H“N)'0 2CrO». 
Arsenate, (G'n^N)"© Ab-“0’ . 

Antimonate, 2(C«H«N)»0.Sb’0» . 


deliquescent 
deliquescent, 
j insoluble quadratic 
J octahedrons, 
not crystallisable. 
prismatic ciystals. 
cryst.illino. 
dehquescent 


Mo.st of these salts are obtained by treating the metallic acid with a solution of the 
oase, the chromate by decomposing chromate of silver witli hydrate of tetrethylammo- 
111 um "When heated, they yield offensive-smelling products, tho dichromate docom- 


TBTRYl., orBlTTYIi. The fourth alcohol-radicle of the senes C»H*“+'. 

In the' free state, its moleeule contams 0*H‘“, so that it is isomeric, or perhaps identi- 
cal (in. 182), with octylio hydnde, C*H'' H. It was first isolated by Kolb e (Chem 
Soc Mem in. 278; Chem Soc Qu. J. li 187), who obtained it by the electrolysis of 
valerianic acid, and named it Valyl, Wurtz (Ann Ch Pharni. xoiii, 112, xoyi, 
364) afterwards obtained it by the decomposition of tetrylic iodide, and examined its 
properties more fully 

freparaiion —1. By the action qf Poiaesiunior Sodium on Tetrylic Aid/de.— 100 pts. 
of tetrylic iodide and 1 S or 14 pts of sodium, ere introduced into a flask, provided with 
au upright condensing-tube kept cool by ico-water The action begins at ordinary 
temperatures, with evolution of heat, the sodium swelling up, and gradually be- 
coming covered with a blue crust. As the action slackens it must be accelerated by 
external boat, and the liquid kept boiling till the blue colour of the sodium has thsap- 
peiired, and the flask contains a white mass of sodium-iodide saturated with tetryl. 
The toU'yl is then distiBed from tho flask, and the distillate rectified over sodium, till 
the metal completely retains its lustre in the boiling liquid, and is no longer attadked. 
The portion which, in the last rectification, distils over between 106° and 108° is pure 
tutryl When potassium is used, a considerable quantity of the tetryl is resolved into 
tetrylic hydride and tetrylene • C"H'" ■= O'*!!'" + C*H*. (W urtz.) ^ 

2. By the Electrolysis of Valmanie Acid . 

20“H‘«0“ = C»H'» + 2CO» + H». 

— Wheu an electric current of four Punseu’s cells is passed through a cold saturated 
solution of potassic valerate, — hydrogen, carbonic anhydride, and tetiyleno gases are 
evolved, and an oily liquid nsos to the surface, consisting of tetryl and tatiybo vale- 
rate On boiling tins liquid with an alcohohe solution of potash, valerate of potas- 
sium gradually separates, while the tetryl remains dissolv^ lu the aleoholio liquid, 
and may be pimfied by washing with water, drymg over chlondo of calcium, and 
rectification (Kolbe) 

Pidperiiei — Tetryl is a colourless oily liquid, having a faint hut agrocahlo odo.ur, 
and a slight taste, with burning aftertaste. Specific gravity ■= 0 694 at 16° 



732 TJETRYL: ACETATES -ALCOHOLS. ^ 

(Kolbe); 0-71S6 at 0° (Kopp) ; 07067 at 0“ (Wuita). Its espansion-coefBoient 
(^between 11° and 88°), as, aceoMng to Kopp. 

0 0012125< + 0'00000027933t’ + 0-000000016297li*. 


It boils at 108° (Kolbe); at 108‘5° (Wurtz) ; at 106° under a barometric pressure 
of 746mm. (Kopp), and diBtila completely without decomposition. Vapour^iensaty 
= 4 063 (Kolbe) ; 4-070 (Wnrtz); 4 07 and 3-88 (Gr. Williams); the calculated 
value = 2 vols.) is 3-96. 

Tetryl le insoluble in water, but mixes in all proportions with alcohol and ether. 
Kone of the tetryl-componnds can be directly prepared from it — Chlorine and hromme 
act upon it, but form substitution-products. — y^iih pentcuiUonde of antimony it. yields 
hydrochloric acid and chlorinated products not yet examined . — PentacUo ride of 
pliosphorua is d6eom|)Osed by it only after long boiling, with formation of trichloride 
of phosphorus, chlorinated tetiyl, and hydrochloric acid. When the vapours of iodine 
and tetryl are passed together over spongy platinum heated in a tube to 800°, a large 
quantity of hydriodic acid is formed, together with a small quantity of an iodised 
organic substance, probably a substitution-product . — EydrocUonc ami has no action 
upon tetryl, either at ordinary temperatures, or at a temperature near that of boding 
oil. (Wurtz.) 

Tetiyl forma eompoimds with other alcohol-radioles. 

Tetryl-ethyl, 0'H’‘ =• oWined by the action of sodium on a mix- 

ture of tetrylic and et^lic iodides, has been already described (ii. 625). 

Tetryl-amyl, 0“B[“ = is prepared by decomposing a mixture of 

tetrylic and amybc iodides with sodium, in the manner described for the preparation 
of tetryl. The greater part of the resulting liquid distils over between 130° and 140°, 
and, by repeated fructionaldistiUation, pure tetryl-amyl is ohtamed as a colourlsss liquid, 
boiling at 132°, having a speciflo gravity of 0 724 at 0°, Vapui-density = 4-46 (calc. 
= 4 42). (Wurtz.) 

Tetryl'hozyl, C'"H” = is obtahied by the eleotrolvsis of a mixture 

of cenanthylate and valerate of potassium. The oily liquid, which coflects on the sur- 
face of the aqueous solution, is a mixture of several hydrocarbons ; and when subjected 
to fractional distillation, yields, between 100° and 140°, a liquid containing tetryl-hexyl, 
which, whan further reetrfiod, boils between 166° and 160°, and exhibits a vapour- 
density of 4-917 (calc. = 4-007) , but it has not been obtamed pure. 


TBTRKZo A-OETATBS 0». There are two ethers having this 

composition, the one corresponding with primary, the other -with secondary tetrylic 
alcohol Iptfra). 

Primary THrylio Acetate, C*H*.C’H’0’ ». 's produced by distilling 

equivalent quantities of dry acetate and tetrylaulphate of potassium, or by heating 
normal tetrybo iodide with a slight excess of silvor-acotate in a glass tube, and 
distilling oft the resulting liquid The distillate is purified by washing with a dilute 
solution of sodic carbonate, then dried over chloride of calcium, and rectified. It is a 
coloui-less liquid, of agreeable odour, specific gravity = 0 8844 at 16°, and boiling at 
114°. 'Vapour-donsity = 4 073 . calc. = 4 017 By prolonged boiling with potash, 
it 13 resolved into acetic acid and normal tetrylic alcohol. (Wurtz, Ann, Ch Pham, 
.vein. 121.) 

Secondary ntri/he Acetate is produced, together with tetryleno, by heating secondary 
tetrylic iodide (obtained from crythromcnnitc, p 736), with acetate of siWor in sealed 
tubes. On distilling off the tetrylone, the secondary tetrylic iodide remains, and maybe 
purified like the normal ether. It is a colourless liquid, boiling at 111° to 113°, 
and having a strong, agroeablo, aromatic odour, but not fruity, like the primary acetate. 
(DeLuynes, Jahresb 1864, p. 601 ) 

‘TBOORiri, AXiCOHOBS. 0'H‘"O. — ^In the article " Sboondart xnb Tertiajiv 
A iCOHOLs ” (p 216), It IB observed that there are three possible tetryl or butyl alcohols, 
ffepreseuted by the following formulsa . — 


C. 


H 


[OH 


fCIPCH* 
, OH> 

’■ H 
(OH 


OH? 

OH» 

OH* 


OH 


Am alcohol having the composition C1H“0, is produced, together with ethylio and 
amylic alcohols, in the fermentation of sugar, and is found in the fusel-oil obtained from 
mangold- wnrzel, and sometimes in that obtained from potatoes. This, which was dis- 
covered by Wurtz in 1862(Oompt. rend xxxv, 210; Ann. Oh. Pharm. ichi 107), 
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and 13 diatinguishod aa tetryiicor butylie alcohol of formantation, is a primary alcohol 
Anoiher primary totryl alcohol has been obtained by Sohoyon (Ann Ch Pharm. 
CX3CX 233), by lioating chloride of tetryl prepared from ethyl (p 73i) tnth acetate of 
potaaaium anti glacial acetic acid whereby it is converted into toti^lic acetate, and 
distilling this compound ether with borytn-water Eespecting the imerence of struc- 
ture of these two alcohols see the SnppLES£ENTA.n Volumh. 

A aceondary tetrylio alcohol is produced by distilling the iodide or the acetate of 
totryl obtained from erythromannite, with potash. 

o. Totrylic Alcohol of Fermentation, C'H'"0 g 
tryl. eWurtz, loc, ctt.) — This alcohol was first obtained from potato-fuael-oil, in 
■which, however, it is not always present. It is best prepared by subjecting the fuael- 
oil obtained in the rectification of mangold- wurzel molasses to fcactionol distillation, 
the portions which distil over between 80° and 106°, 106° and 116°, 115° and 126°, 
being collected apart The first portion is washed ■with water, and’tha separated oily 
layer repeatedly rectified, the portion which passes over at 104° bamg each time 
collected apart. The latter is mixed with the portion which distilled over between 
106° and 116°, and with that part of the last fraction (between 116° and 126°) which, 
when the latter was repeatedly rectified, passed over below 116°. The whole of the 
distillates obtained between 106° and 116° are then mixed together, and boiled for 
forty-eight hours with a concentrated solution of caustic potash, in such a manner that 
the vapours may he condensed and allowed to run back again. Tho impitro tetrybo 
eJcohol IS then distilled over ; separated from the water which passed over with it ; 
afterwards mixed ■with half its weight of quicklime, to dehydrate it more completely, and 
di.stilled off after standing for twenty-four hours j this distillate is repeatedly rectified 
and the portion which passes over between 108° and 110° is collected apart' if the 
hoiling-point remains ■within these limits during the distillation, tho tetrylio alcohol 
thus obtained is very nearly pure The process of rectification may be considerably 
abridged by interposing between the flask and the condensing apparatus an upright 
tube with two bulbs, and having a thermometer inserted into its upper part ; the less 
volatile portions then condense on the sides of the tube, and run back into tho flask, 
whereby tho separation of tho more volatile portions is greatly facilitated. (Wurtz ) 

For complete purification, the tetiylio alcohol is converted into iodide of tetryl, 
■which boils at 121°, and is easily separated, by fractional distillation, from iodide of 
ethyl boiling at 74°, and iodide of amyl at 146° ; tho iodide of tetryl is converted into 
acetate by treating it with acetate of silver ; the acetate of tetryl decomposed by oon- 
tmued boiling with strong solution of potash, the vapours being condensed and made 
to run back , and the tetrylio alcohol thereby separated, is doecanted and rectified 
over caustic baryta. 

Frofirties Tetrybo alcohol is a transparent colourless liquid, more mobile than 

amylio alcohol, and having an odour similar to that of tho latter, but le3.s pungentand 
more vinous, It does not turn the plane of polarisation of light Specific gravity = 
0'8032 at 18 8°. Boiling-point = 110°. Vaponr-doneity, obs. = 2'689, cale. = 2 666. 

Tetrylio alcohol dissolves inlOjtimes its weight of water at 18°, and is precipitated 
therefrom, as an oily la^ver, on addition of chloride of calcium, ehloride of sodium, or 
any other easily soluble salt It dissolves chloride ofoaldum, forming a erystallisahla 
compound ; also recently fused cUonde of mus, forming a syrupy liquid. 

Decompositions. — 1. Tetryhc alcohol takes fire on the approach of a burning body, 
and burns with a bright flame. — 2. Potassium decomposes it, with evolution of nydro- 
gen, forming tetrylate of potassium, O^H”KO — 3, Canstic potash, in a state of fusion, 
converts it into hutyno acid, with evolution of hydrogen, and foimation of u hutyrabi 
When dropt upon soda-lvm heated to 260°, it is likewise decomposed, ■witli evolution of 
hydrogen, and formation of a butyrate — 4 Sy^roohlonc aad boated m a scaled tube 
with tetrylio alcohol, converts it into chloride of tetryl (p. 7!4) — 5. Pentachloride 
and oxychloride of phosphorus like^wise convert it into chloride of tetryl. — 6 Bromine 
and phosphorus, added alternately in small portions, convert tetryhc alcohol into 
bromide of tetryl, ■with evolution of hydrohromic acid (p. 734) — 7. Similarly, iodine 
and phosphorus give rise to the formation of iodide of tetryl (p. 736). — 8 Oil of 
mtnol acts violently on tetrylic alcohol, tho mixture becoming very hot and strongly 
coloured, while sulphurous acid is evolved, and an oily layer sc "i ‘ 
chiefly of hydrocarbons polymeric with tetryleue When tho a i i 

■with excess of oil of vitriol, great heat is produced, and g)ls is given on in small quan- 
tity, which may, however, he increased by external heating, it consists chiefly of 
tctrylene, together with sulphurous and carbonic anhydrides. When tetrylio alcohol is 
gradually mixed mth an equal volume of oil of vitnol, and the vessel kept cool, tetryl- 
sulphurio acid is produced. — 9 Tetryhc alcohol heated with excess of einc-chlonde is 
decomposed, with form.ition of tctrylene, hydride of tetryl, and other loss volatile 
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hydrocarljons. — 10. With oUoncts of cyanogen, tetrylic alcohol forms chloride of tetryl 
and tetiylic urethane • 

aC^Hi-O + CNCl = C'H'Cl + 0'n"N0''. 

If the tetrylio alcohol, aa is generally the case, contains a little water, earbonato of 
tetryl and eal-ammomao are formed at the same timo . 

2C‘H‘“0 + CNCl + E'O = (C'H'>)''00« + NH'Cl 
(B. Hermann, Ann Ch. Pharm. scv. 256). — 11. Tetrylio alcohol obtained by fermen- 
tation yields, by distillation with aulphiiric ami and potasaiv dichcMnatc, a mixture of 
butyric and propionic acids with the corresponding aklehydos (Mich a els on, Jahreab 
1864, p, 336) The alcohol obtained by Schhyon irom totrvlic chloride, as above 
mentioned, also yields butyric acid when subjected to the same treatnioiib 
Seoondary Tetrylio Aloohol (Du Luyn es, Ann Ch. Plurm, c.xxviii 830, 
exxidi. 274, Jalireab 1863, p 503 ; 1864, p. 501 )— This alcohol is produced by the 
action of moiet silver-oxide on the secondai-y tetrylic iodide obtained by the action of 
hydriodic acid on erythromannite (li. 606), or, hotter, by heating tho secondary tetrylio 
acetate obtained by decomposing this iodide tntb acetate of silver to 100° for thirty 
hours. The alcohol then separates as an oily layer on tlis surface of the liyiiid, and 
may be pnrifled by drying with carbonate of potassium, aud rectification, finally over 
lumps of sodium. It is a colourless liquid, having a strong odour and burning taste, 
a specific gravity of 0'86 at 0°, and boiling at 95° — 98° (about 10° lower than the 
normal alcohol). It mixes in all proportions with alcohol and ether , dissolves also in 
water, is precipitated from the solution by carbonate of potassium, it chssnlvas 
ohloride of oalcium It absorbs hyclriodto acid, forming secondary tetrylio iodide, 
identical with that produced by the action of hydriodic acid on erythromanuite — 
With bromine it forme a heavy hquid, which strongly attacks the eyes, and vanes in 
boiling-point from 110° to 168°. 

Secondary tetrylio alcohol, whan heated for soma hours to 260°, is for the most part 
resolved into water and tetrylene The corresponding iodide gives off tetrylene when 
distilled with alcoholic potash. These seoondary tetryl-componnds, therefore, like the 
^-hexyl-compounds (in. 162), with which they are homologous, show a great tendency 
to give up their olefine. In this respect they appear to react more like compounds of 
tetrylene than of tetryl, and as such they are, in fact, regarded by De Luynos, — the 
alcohol as 0‘H*.H*0 or C'H* | , the iodide as C'H’.HI. But the property of 

readily giving up the oloflne does not afford a decisive argument in favour of this view, 
inasmuch as the same property is possessed, though in a less marked degree, by the 
primary alcohols C''H*u+20, all of which, when treated with oil of vitriol or other 
strong dehydrating agents, are resolved into water aud the olefine 
TBTBYIf, BaoMrDH or. 0<H“Br. (Wilrtz, Ann Oh Pharm. xoiii 114)— 
Prepared by the action of bromine and phos^ioriis on primary tetrylic ulcoliol. A few 
drops nt bromine are added to tho alcohol , a small piece of phosphorus thrown in, the 
liquid being kept cool and ahnkeu till the colour of the bromine is destroyed ; the 
addition of bromine and phosphorus then repeated , and so on oontinnally, till vapours 
of hyclrobromic acid ars abundantly evolved, and a(j[uantity of bromine has been added 
at least equal to that of the tetrylio alcohol. The liquid is then distilled at a tempera- 
ture not exceeding 100°, and the resulting vapours arc passed into a flask containing 
water, which dissolves the hydrobromio acid, while the impure bromide of tetryl collects 
at. the bottom The latter is washed with water, dried with a little chloride ot calcium, 
and rectified that which passes over at 89° is pure bromiilo of tetryl 
It is an oily liquid, having an ethereal odour, and boiling at 88°. Specific gravity 
•= 1-274 at 16°. Taponr-density. obs.* = 4-720 ; rale. - 4-740 
Pataseium decomposes bromide of tetryl, slowly at ordinary temperatures, but vio- 
lently when heated When the two substances are heated together in a sealed 
tube, decomposition bogins as soon as the potassium melts, a large quantity of gas 
(probably tetrylene and tetrylic hydride) being evolved, and the tube exploding with 
vaolence — Ammonia acts slowly on bromide of tetrjd at ordinary temperatures, 
forming hydrobromato of tetrylamine. (W urtz.) '* 

TBT&TI., CABBOMATB OT. See OiBBOKio Enmas (i. 801). 

TBTB-sn:., CKBOBISB OP. C’H»C1. (Wurtz, Ann Ch. Pharm. xciii. 
113.) 

Prepared -. 1. By the action of hydrochlorie add on tetrylio alcohol. When the 
alcohol is saturated with hydroohlorie aeid gas, and the hquid sealed up in a glass 
tube is heated in the water-bath, a large quantity of chloride of teti-yl is produced, 
and may be obtained pure by washing the product with water, distilling, and separating 



TETRYL: CY-ANIDE— IODIDES. 735 

the portion -wliioE goes over between 70° and 75°. — 2' By the action of pentachlonde 
or oxychloride of phosphorus on tetryhc alcohol. The alcohol ia placed m a flask 
with a long neck, which must he kept very cool, and the chloride of phosphorus added 
by small portions. Violent action takes place, attended with great evolution of heat, 
and the pentachloride is converted into oxychloride, which then acts on the last por- 
tions of tetrylio alcohol The oxychloride may also be nsed from the beginning 
instead of the pentaeliloride, in which case the action is less violent. In either case, 
the contents of the flask must he loft to stand for 24 hours, and then distilled, tJie 
portion which passes over below 100° being collected apart, this portion is then 
washed with water, dried over chloride of calcium, and rectified, collecting separately 
the portion which distils over at 75°. — 3. By the action of chlorine on tetrylic hydride. 
(Pelouzeand Cahonrs.) 

4 By distilbng amylio alcohol with calcic hypochlorite (120 ffrms. amylic alcohol 
with 1,600 gtms. bleaching powder, and 2,600 grnis. water) The oily distillate 
yields, after ftactionation, about 20 grmS. of a liquid boding between 62° and 64° ; and 
on treating this with oil of vitriol, and afterwards with potash (to remove chloroform), 
pure tetrylio chloride is obtained, (P. Gerhard, Ann. Gh. Pharm. eixii. 363; 
Jahresh. 1882, p. 409 ) 

Chloride of tetryl is a liquid lighter than water, and having an ethereal odour, 
recalling also that of chlorine- specific gravity = 0-88 (Gerhard). Boiling-point 
about 70°. It is rapidly decomposed by potassium, with rise of tempemtm-e and 
evolution of gas (Wurtz) Chlorine converts it ihto fa-iehlonde of carbon. 
(Gerhard.) 

TETRTIb, OTAirZDE OF. See CrANIDES (li. 272) 

T&TRTE, FORMATS OF. See PoBMic Bthebs (ii. 696) 

XBTRV3., BTRRATB OF. Normal tetryhc alcohol, C'H'.H.O (p, 732). 
TETRTIi, HTDRISE OF. C'H’" = —This compound, discovered by 

"Wurtz (Ann. Ch. Pharm xoiii 112), is produced, together with tetiylene, by heating 
tetrylic alcohol with excess of zino-chloriae "When the gaseous mixture thus evolved 
IS passed, first through a tube surrounded with ice and melined upwards, to condense 
the less volatile hydrocarbons formed at the same time, and allow them to flow back again 
— ^then throngh a tube surrounded with a freezing mixture, a very volatile, mobile, 
colourless hquid condenses in this tube, and on being removed from the freezing mix- 
ture, gniokly evaporates, yielding a mixture of about equal volumes of tetrylene and 
tetryhc hydride. The tetrylene may be absorbed by a coke-baU saturated with 
sulphuric anhydride, and tetryhc hydride then remains nearly pure. 

Tetiyho hydride is one of the constituents of Amoricaii petroleum, being found, 
according to Pelouze and Cahonrs (Ann Ch Phys. [4], i 6), in the most volatile 
portion of the oil, boiling between 6° and 10° Eonalds (Chem Soo. J. iviii 54), 
by subjecting the portion which distilled between 0° and 4° (containing tetrylio 
hydride with smaller quantities of tritylic and ethyhc hydrides), to fractional distilla- 
tion, and collecting the distillate in a well-cooled receiver, obtained the tetryhc hydride 
in a state of purity. It is a very mobile liquid, having a sweetish odour, a speoiflo 
gravity of 0' 60 at 0°, and vapouridensity =.211 (calc. = 2-006) It burns with a 
yellow, faintly luminous flame, is in-soluble in water, but dissolves in alcohol and in 
ether. Alcohol of 98 per cent absorbs 11 or 12 times its volume of the vapour. When 
1 vol of the vapour is mixed with 2 vols. chlorine-gas, chloride of tetryl condenses, 
and 2 vols hydrochloric acid gas are prodneed — The portion of American petroleum 
distilling between 6° and 8° is a mixture of tetryhc and amyho hydrides. 
(Bonalds.) 

TETRVE, lORZBES OF. a Primary Mrylb) iodide, C^H» I, is produced by 
tlie action of phosphorus and iodine on fermentation tetryhc nlcuhul 1 6 pt iodine 
IS added to 1 pt tetrylic alcohol in a vessel surrounded with cold w.iter, and a 
quantity of phosphorus (equal to about ^ of the iodine) added in successive small 
portions, the mixture being heated towards the end of the process The dark 
colour of the liquid then gradually changes to brownish-yellow, whilst hydriodio acid 
is abundantly evolved, which, together with a small quantity of tetrjlic iodide that 
passes over with it, js received in a small quantity of cold water As soon as the 
colouring produced by the iodine has disappeared, and the liquid is m full ebullition, 
it is left to cool, and that which remains in the distillation-vessel is washed, first with 
the aqueous hydnodioacid previously collected — whereby a small quantity of undacom- 
poaed tetrylio alcohol ia dissolved — and then with pure water, it is then dehydrated 
with chloride of calcium, and flood from the still remaining portion of tetry ho alcohol, 
by treating it while warm with pulverised iodide of phosphorus, till the latter cryslal- 
hses out on cooling The liquid is then distilled, and the distillate is washed with water, 
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tlcliydrated over eWoTida of ciUcium, and rectified, the portion which pasBea over 
between 118“ and 122° being collected 

Tetryhc iodido is colourless whan recently prepared, but soon turns brown by ex- 
posure to light It refracts light strongly; boils at 121°; but when a mixture of 
water and iodide of tetryl is distilled, the thermometer, at the beginning of the distil- 
lation, when the tetrylic iodide chiefly passes over, indicates only 88° to 89°. Specific 
gravity «. I «04at 19°. Vaponr-density = 6 217 (calc. = 6 344). 

Tetryhc iodide iiinis with difficulty, and only m contact with a burning body; the 
combustion is attended with evolution of iodine-vapours. It is but slowly attacked 
by aqueous potash, even when boiled therewith for some time ; but alcoholw potash 
decomposes it, with formation of tetryhc alcohol and iodide of potassium — Potassium 
dBComposes iodide of tetryl, yielding tetiyl and iodide of potussiiim — With Mrj/late 
of potaasiuni, G'n'KO, it forms tetryhc ether and iodide of potassium (p. 736). — With 
oxide of sillier, it forms tetryhc ether and iodide of silver. — With silusr-salis (eg the 
cai'bonate, sulphate, acetate, &c ) it forms iodido of silver and a eompound ether (e g. 
carlxmate, sulphate, acetate, &e ) of tetryl, A solution of nitrate of silver is imme- 
diately precipitatod by iodido ot tetryl. (Wurtz.) 

3 iSeooudnrjf Teirghc foditfe, perhaps (G‘H:“)"|^. (De Luynes, Jahresb 1862, 
p 479, 1883, p. 603; 1864, p 498J — This compound is produced by the action of 
hydriodio acid on erythromannite (ii. 606) 

+ 7HI » C*H»I + 4H’0 + 81', 

Thirty gms of perfectly cb-y (fused) erythromannite are slowly distilled with 3S0 to 
400 grma of fuming hydriodio acid, of specific, gravity 1 99. jis soon as the liriuul 
hells, the tetrylic iodide distils over, together with iimlecomposod hydriodie acid It is 
purified by washing with potash-ley, then with water, ch'ied over chloride of ciilcmni, 
and rectified. With weaker acid (of specific gravity 1'70, for example), a gi’cenish 
product 13 obtained, which decomposes partially duiiiig rectification, iiml is host piin- 
flod by a second distillation with liydnodic acid — 2 By the action of hjdriodic acid 
gas on secondary tetryhc alcohol, &e. 

Secondaiy tetrylic iodide, when recently prepared, is colomless, and lins an uerooable 
ethuroivl odour Its specific gravity is 1-632 at 0°, 1 600at20°, andl fl84at30° "ft boils 
at about 118°. Vapour-densifv ■= 6 697 at 20° , =6 617 at 24°. It is insnlubio in 
water, but soluble in alcohol and ether. When exposed to light at a somewhat high tem- 
perature, It becomes coloured. — C^lomie decomposes it, separating loduie, and forming 
an aromatic liquid, which boils at 120° (probably G''H“C1') —With bromim it give's 
off iodins, and yields bromide of tetrylene, C''H"Br'. 

TBXRirx., HITR ATE OF. C’H'NO*. (Wurtz, Ann Oh Phann xoiii 120.)— 
Prepared by mixmg totryhe iodide with a small quantity of fused urea, and a slight 
excess of fused silver-nitmte The reaction takes place immediately, accompanied by 
so much heat that port of the product distils over, the rest must, be afterwards 
volatilised, by heating the mixture to 140° — 160°. The distillate is piirifled by washing 
with slightly alkaline water, diying with chloride of caloium, and rectificiition. 

TETRYl, ORISB OP. C"H‘“0 = (0<H»)«O. (Wurtz, Ann ' Oh. Pharm. 
xoiii 117.)— Produced 1 By the action of tetryhc iodide on tetrylate of potassium. 
The product thus obtained is, however, difficult to purify from tetryhc alcohol, us the 
boiling-points of the two liquids dilFer but little from each other.— 2. A purer product 
is obtamed by the action of tetrylic iodide on oxide of silver 

Ethyl-teirylic ether, (Q'H,'‘)(C'H")0, is produced by the action of ethylic iodide on 
te^^ate of potassium. It is a colourless fragiaut liquid, hanng a specific gravity of 

TETRITE, SITEPRATE OP. See SuLPHURio Ethbibs (p, 629), 

XBTRYE, SUEPHYDRATB OP. C<H'"S = C'H'HS. Titniic or Putylic 
Mercaptan. (E Hermann, Ann Ch Pharm xey 250, Chem Soc Qu. j viii. 274 )— 
Produced by distilling, at the heat of the water-bath, ii mixture of aqueous sulphydrato 
of potassium and concentrated aqueous tetiylsulphate of potassium, the product beius 
received in a well-cooled flask . ® 

C<H»KSO‘ + KHS = C'H<»S + K'SOh 


The oily liquid winch condenses is decanted, placed in contact with chloride of calcium, 
and distilled, the portion which passes over between 86° and 90° hems collected 




Tetiyho mercaptan is a colonrless veiy mobile liquid, having the peculiar disagree- 
able odour which cliaractenaos the mercaptans Specific gravity = 0 848 at 115® 
Vupoui'-doiisitj = 3*10. J3oilsat88° It has no action ou vegetahlo coluui’s, is very 
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sparingly suluble m water, lint freely m alcokol and e(Aer;ii cliasolvea mOphiir and 
tudinc It IS Tery infiammalile, and burns -witli ii pale-bliie flame. — ^Dilute mtrio 
(tctd acta very atrougly upon it, forming an oily liquid which floats on the surface 

Potassmm deeompoaea totryhc mercaptan, with evolution of hydrogen, and inrmation 
of a nhito graiuilar totrylmei-c.apLido of potusaiinn. CHHtS. Tetrylic laercaptmi is 
also decumpuaed by aevoral metalho oxides, or by the solutions of their salts, forming 
tetrj Imercaptides a p with mermrtc oxide • 

2G'Hi“S + Hg"0 =. C«H'"Hg"S= + H»0. 

The mereuiy-coinpoiind thus obtained forms white uaoieous scales, which are 
unctuous to the touch, and very fusible. It is decomposed by aulphydric acid, witli 
formation of merounc sulphide and totiybe alcohol. — ^Tbe lmd-cmn,pound, C'"I["‘i‘b"S-, 
IS a yellow crystallme precipitate, formed on evaporating an afeohohe solution of 
tetiyho mercaptan into acetate of lead. — ^The cujmn and. auric salts are white piecipi- 

TETnvi^Anxinrsi, C^H"N « Butylanane. (Wurtz, Ann. Ch. 

Hiarra xciii 124 ) — This base, produced by the action of tmtash on ey aiiate or cyanu- 
rate of tetryl, is motamerie with diethylamine, N othyl-diraethylamiiio, 

and methyl-tritylamine, NHCH“C'‘II'. Pefinine, a loliitile base 
obUnied by Anderson from the most volatile portion of boue-oil, is also isomeiic, or 
perhaps identical, with tetrylamme. 

To prepare tetrylamme, 2 pts of potiissie tetrylsulphate are distilled with 1 pt. of 
receutly prepared and perfectly dry potassic cyanato , the pasty mixture of tetrylic 
cyaiiate and oyannrate, which distils over, is dissolved m alcohol , and the solution is 
boiled with fragments of caustic potash. Carbonate of potassium is than formed, and 
tetrylamiue distils over, and is condensed m a small quantity of cold water acidulated 
with hydrochloric acid. The boiling is continued till the residue fuses completely, 
and no longer gives off allcaline vapours The resulting solution of liydroclilorate of 
tetrylamme is evaporated to dryness, and the residual salt, freed by fusion from the 
water which it retains, is pidvensed when cold, and lapidly mixed with an equal weight 
of quicklime Tins mixtiu’o is then introduced into a tube of bard glass, which must 
he filled with it to about four-fifths , the upper part of the tube is filled with fraguionts 
of caustic baryta , a gas-delivory tube, bent at right -angles, is adapted to the larger 
tube, and made to pass into a small fl-isk surrounded with ice ; and the lube is care- 
fully lio.ited 1.1 a oombustiou-fliniace, fiom the closed end onwards The evolved 
totiylamiuu is then completely dehydrated by the caustic baryta, and condenses in a 
cooled flask. 

Tetrylamme is a transparent colourless liquid, having a strongly ammoniacal and 
somewhat aromatic odour, and producing dense white fumes with hydrochloric acid. 
It boils at 69° — 70° (petiiune at about 70 6°) It dissolves in all proportions of water, 
alcohol, and etlior , the aqueous solution smells like the pui'e base, and is very caustic, 
when concentrated it is somewhat viscid. 

SaUsofTctrylamin e. — Most metalhc solutions are precipitated by tetrylumin e m 
the same manner os by ammonia — Tile sine, cadmium, and copper precipitates dissoh o 
in excess of the reagent , gelatinous alumna likewise dissolves in excess of totry luniine , 
the precipitates formed m solutions of chromium, nickel, and cobalt, are insoluble in 
excess of tetrjlammo — ^Witb nitrate of silver, totiqlamme forms a taivny yollow 
precipitate, easily soluble in excess Gelatinous silica disaoUes m tetrj Imniue, 
and remains m the pulverulent and amorphous state when the solution is evaporated 

Ih/drucUmaie of Tettylammc, C'‘H"W.HC1, cjg'stallises in deliquescent iieodlo.e, 
winch molt bolow 100° , when exposed to the air, it gives off thick whito fuinos, and 
volatilises without residue.— The chloroaurate, (2G''H“N HCl) AuCl°, cryslalhsea on 
ov.iporatiou in rectangular plates of a pale-yellow colour, melting and changing to 
or.inge-yellow at 100° — The cMoroplatinata, 2(G'H"N HCl),PtGl‘, crystaUiscs by 
evaporation m beautiful orange-yellow laminse, soluble m water and m alcohol. 

TETKYIiBWB. C*H*. Butylene, Butyrene, Butene, Valylene, Bitetrul — This 
hydiocavbon was discovered, in 1825, by Far aday (Phil. Trans. 1826, p 440), who 
obtained it by compressing the illuminating gas produced by the destructive distilla- 
tion of fixed oils. Some years hater, If olbe (Ann Gh Pliarm Ixtx 269) ohtaiimd it 
by the electrolysis of valerianic acid , and Wurtz (Ann Ch. Pliarm xciii 107 ) has 
shown that it is a frequent jiroduet of |he decomposition of tetryl-compounds, being 
firraed especially m the dehjdratiou of tetrylic alcohol by strong sulphuric acid or 
clilonda of ziuc, and as a secondary product of the action of potassium or silvor-oxide 
on totiyho iodide, part of the tetryl thereby set free being resolved into tetrj’lene and 
tetrylic hydride (p. 735), it is formed also, in small quantity, in the decomposilioii 
of.uii}lio alcohol atared heat Lastly, De Luynes (Gompt rend Ivi 1176, Ami. 
Ch Phys [1], 11 366, Jahresh. 1803, p 604, 1864, p. 600) has shown that it is 

Von. V. 3 B 
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pioduced hj decomposiag isotetrylie iodide (p. 7S6) -witli iileoholio pntasli or aertate 
of silver, isotetrylie acetate lieing also produced m the latter case 

Friparation. — 1. Prom Oil-gas . — ^Faraday olitamed totrylono by subjecting the 
lUuniinatiug gas, vflMch -was prepared in London eomo years ago by decomposing fixed 
oils at a moderate red heat, to a pressure of 30 atmospheres. 1,000 cubic feet of the 
gas thus treated yielded about i litres of so-eallod empyreumatic oils, consisting chiefly 
of tetrylane and benzene. As the former of those hydrocarbons boils below 0°, it may 
be Bepai'iitod, in great part, by gradually warming the mixture to 38° in a siutablo 
diatilUitory apparatus connected with a receiver cooled to — 18° ; and by subjecting the 
distillate several times to the some treatment, hut each time at a lower temperature, 
the tetrylene may he obtained nciirly pure. 

Tetrylane is (dso formed by subjecting acetate of sodium or oleate of enlcium, mixed 
with soda-lime, or butyrate of banum, or by itself, to destructive distillation , also by 
heating glucose with soda-lime, in each case, however, the tetrylane is accompanied 
by a large quantity of tntyleue, amylene, and other hydrocarbons. The gases thus 
evolved are fixed by passing tliem through bromine, whereby they are all converted rate 
bromides ; and from the mixture thus obtained, the bromide of tetrylene may be sepa- 
rated by fractional distillation (Berthelot, Ann. Ch. Fharm. cviii. 200 ) 

2. From Valerianic And. — ^A concentrated solution of potassic valerate is subjected 
to the action of an electric current with platinum electrodes. Tetrylene is then evolved 
at the positive pole, together with tetryl and carbonic anhydride, while the gas evolved 
at the negative pole consists wholly of hydrogen , and if a porous diaphragm be inter- 
posed between the two electrodes, the totrvlene will pass off, mixed only with tetryl 
and carbonic anhydride. To soparatc it, thopseons mixture is passed, first through a 
tube surrounded with afrigorific mixture, and through alcohol, to, condense and absorb 
tho tetryl , then through water, to take up tlio alcohol , and lastly through strong 
potash-ley and over solid potash, to absorb the carbonic acid and water The totry- 
lene obtained by this process is merely a secondary product, probably formed by 
oxidation of a portion of the tetryl, which is the immediate product of tho electrolytic 
action (p. 731). 

0»H>“ + 0 = 2C‘H» + H*0 

Totryl Tetrylene 

8. From letrgUo Alcohol . — When tliia alcohol is qmcldy mixed with excess of aiil- 
pliuiio acid, the mixture gently heated, and the evolved gas &eed from sulphurous and 
carbonio acids by absorption with potash, tetrylene is obtained nearly pure, being 
contaminated only with a small qiiautuy of a hydrocarbon of higher atomic weight, — 
When totrylie alcohol is heated with excess of zinc-cliloride, nearly pure tetrylene is 
evolved at first, afterwards a mixture of tetrylene and tetrylie hydride 

4 From Eiytlmmamiie.—llhis substance is distilled with hydriodic aoid, as already 
dcBcnbed (p. 736), and the resulting isotetrylie iodide (or tetiylenio hydriodate) is 
tioated with alcoholic potash, or, better, with acetate of silver. The isotetrylie iodide 
is poured upon an equal weight of silver-acetate, contained in strong glass tubes, 
which can be quickly sealed; and after the violent reaction which immediatoly takes 
place lb over, tho tubes are cooled in a mixtare of ico and salt. On opening them, and 
exposing them to a gentle heat, gradually raised to 40° or 60°, the whole of the tetry- 
lone is given off, andmw either be collected as gas, or condensed in a U-tubo cooled 
to a low tempeiatuiB. Isotetrylie acetate (p 734) remains behind in the tubes. (D a 
Liiynos.) 

JVcperhes.—Tetrylene at —18° is a colourless mobile oil, having an ethereal but 
peculiar and penetrating odour At the temperature of a mixtiu's of ether and solid 
enrbonie anhydride, it solidifies to a white crystallme mass, which liqiieftos again as soon 
as it is taken out of tho freezing mixture (Do Luynos) The liquid boils below 0° 
(Faraday), at -i-3o(DeLuynesJ. Tho tension of its vapour at -e 15° is equal 
to 4 atmospheres (Faraday) Vapour-density = 1'933 (Kolhe), calc. =■ 1 940. 
The gas burns with a rod, hlue-odged, very smoky flame. It is sparingly absorbed by 
water, easily by alcohol, and still more by ether . the alcoholio solution gives up tho 
gas, with effervescence, on dilution with w.it6r. so likewise does the ethereal solution 
when diluted, first with alcohol, then with water. It dissolves easily in glacial acetic 
and, and completely in strong sul^huno amd, without formation of aiilpbiirous aoid, 
producing a yellow liquid, ftom which 'water separates a light fragrant oil (I) o 
Luynes), according to Faraday, the product of this reaction" is a conjugated acid 
[f lioiuologous with eHiionie or isethiomc acid], which forms peculiar salts. The gas 
IS likewise absorbed by oils, both fixed and volatile, olwe-od takmg up about six times 
Its own volume. It. unites with chlonne (Faraday, Kolbe), and bromine (Hof- 
mann), forming oily products. — Aqueous hydriodic acid, saturated at 0°, quickly 
absorbs tetrylouo-gas, forming isotetrylie iodide or totryleuic hydriodate, 
identical with that produced by the action of hydriodic acid on orytliromanmto. (D e 
Luynes.) 
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TETRYtEWB-BtAMIM-B. A base produced by 

the action of nascent hydrogen (evolved from tm and hydrochloric acid) upon cyanide 
of ethylene ' C'^H.’C-N' + H“ <=. It bods above 140°, and its ehloro- 

pliitiuato contains 39 45 per cent platinum, agreeing wilh the formula H'Cl-. 

PtOl*. (T Fairloy, Chem. Soc. J. xvii. 362 ) 

THXRiriBMrZC ACETATE, C“H»0< = dis- 

tilling bi'omido of tetrylene vntb acetate of silver The distillate is purified by 
lopeatodly rectifying the portion tvhich distils above 140°, over dry acet.ite of silver, 
and finally by itself, tile portion vrhich passes over above 190° boing collected apart 
Acetate of tetrj/lene is a colourless oily liquid, inodorous in tho cold, but snielbug 
slightly of acetic acid wlieii -warmed ttbuils at about 200°, is insoluble in vrnter, but 
dissolves readily in alcohol and m ether It is easily decomposed by alkalis, -with 
separation of tetrylenic alcohol. CWurtz) 

TETRVEBnrzc AECOHOE. C'H'"0“ = Tetryl- or Butyl-glycd. 

(Wurtz, Ann Ch Phys. [3], Ivi 412.)— A diutomic alcohol, homologous with ordi- 
nary glycol, and produced in like manner, by healing lotn'lemo acetate with potash 
It is a colouvlesb, viscid, inodorous hquid, liaving a mild aromatic taste Speeiflo 
gravity = 1'048 at 0°, Boiling-point = 183°— 184°. Vapour density, obs. = 319, 
oalo = 3 •12, It disaoh es in all proportions of Miflfcr, and rt/icr. 

Tetrylenic alcohol is easily oxidised by niino acid , wben heated -mth dilute nitric 
acid, it yields oxalic acid. When dflnte nitric acid is cautiously pound upon the 
aqueous solution of the alcohol, so that the tuo liquids may mix and react slowly, 
butylaotio acid, or oxy butyric acid, CH*©’ (i. 688), is formed, together with another 
acid, whose calcmm-sall is insoluhle in water (tlie silver-salt of tlie latter yielded 
9 2 per oeut carbon and 1 1 hydrogen) — Tetrylenic alcohol, heated with hydrate of 
potassium or sodium, is decomposed, with evolution of hydrogen, but not so readily as 
ordinary glycol. Oxalic acid appears to be formed in thi.s reaction Succinic acid is 
not found among the products ot oxidation, either by nitoc acid or by hydrate of po- 
tassium 

Tetrylenic alcohol heated with hydnodio and, is converted into totryLo iodide, tho 
glycol being ■fii’st reduced to tetrylio alcohol, according to the equation 

+ 2HI = C'H'“0 + ffO + P, 

and the tetrylio alcohol converted into tetrylio iodide by the further action of the 
hydnodio acid. CWurtz, Ann. Cb. Phys [8], Ixiii. 124.) 

TBTRYEBWIO BBOMIBB, C'H“lir®, is formed on mixing totrylene-gas 
with bromine-vapour, also (aecurding toDe Luyues) by the action of bromine on 
isotctryhc iodide, 0*11"!, tlie reaction being atlendcd with evolution of iodine and 
liyilrobromie acid It is an oily liquid, boiling at 158" (Wurtz , Do Luynes), and, 
according to Oiihours (Compt. lend xlvi. 244), is resolved, by heating with alcoholic 
ammonia, info bromide of ammonium and bromotetrylone, C’H’Br. 

TBTIIYI.BKIC CHBORtZtB. CIPCB.— Pioduced by the direct combination 
of chlorine and tetrylene gases in diflfused daylight, the tetryleiio being kept in 
excess 

The oily product, after being freed from bjdrochlorie ucid, by washing it, first with 
very weak potash, then with pure wuter, is dried over chloride of calcium, and distilled, 
the portion which passes over bilow 130° being collected apart, and this ;^ortion is 
subjeotod several times to fractional distillation, till an oil is obtained, boiling con- 
stantly at 125° (Paraday , Kolbc). The same comjmund is probably formed by 
tho action of chloriue on isotetryhc iodide (p. 736), the liquid thus obtained boiling at 
120° (Do Luyues) 

Cldoi'ido of tetrylene is a colourless oil, having an agreeable sweetish odour, like 
that of Dutch liquid, and a burning taste Specific gravity =1 1‘112 at 28°. Boiling- 
point = 123°. Viipour-deusity ■= 4 426 (Kolb e) , by calculation, 4 39 It is insolublo 
m water, but mixes with alcohol and ether It burns brightly m the flame of a spiril- 
himp emitting smoko mixed with vapours of hydrocbloiuc acid. It is decomposed 
by heating with alcoholic potash, yielding cWorido of potassium and a volatile oily 
liquid, piubably consisting of cblovotetryleno, 0'‘1I’C1. 

The less volatile portions of liquid, boiling above 130°, which remain behind in tho 
rectification of tetrylenic chloride, axe probably also substitutiou-prodncls, lurmed 
simnlbineously with tho totiylenic chloride. Tho same bodies are obtained when 
cblorida of tetrylene is exposed to siiiisbnie in contact with oxcoss of cliloriuc A 
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■nscid mats is then formed, -wluch.still contains hydrogoimted products, and does not 
yield any crystals of triclilondo of carbon (F araday.) 

Teti-ylenS-gas is liko-wiBe absorbed in large quantity by pentachlorido of antimony , 
and on distilling the product, a cHoriiiatod oil is obtained, having the composition 
O^H’GP, ovC^H’GlCF 

TETH.VI.-OI 1 VCOI. Syn. with. Tetrylenio Alcokoe. 

TETRYEIU'-TBI AMINE. — A triatomie base pro- 

duced by the action of nascent hydrogen (eyolyed by the action of tin on hydroehloric 
acid) upon cynnoform • 

OHG»N“ -r Il‘“ = C'H»Ns 

It boils at a temporqture above 150°, and forms a platinum-salt containing 2(C*H"’ljF. 
3HCl).3PtCl* (Fairhe, Ghom Soc J. xvi 302.) 

TBTRYE-tBWANTHYE. C<H”.G'H'“0. Tetryl-mnanthol. Btiiyl-cmanthyl, 
Bidyl-hutyrone. (See Butyrone, 1 698.) 

TETRYESTTEPHXrRZC ACID. C*iI“H.S0‘. See Sui-FHURIC Ethbks (p 629). 
TETRYESirEPHYDRIC AOID. CW.H S. Tetrylmercaptan (p 736) 
TBUCRITTM. The herh of several species belonging to this genus, formerly used 
111 medicine, contains a peculiar, resinous, bitter principle. T. Bohum is said to be 
used in Greece as a remedy ugainst the bites of serpents (Landorer, Buchn. 
Eepert xcii. 246). 

tCEUTEOSE (from TfvT\ov, beet) — A kind of sugar, rosembhng glucose, said to 
exist, under certain oireumstances, 111 the juice of beet. According to Miohaolia 
(J. pr Chem bcxiv 397), the sugar, sometimes optically inactive, somotimes Isevorota- 
tory, produced from the cane-sugar of beet, especially ■when the juice is acid, is different 
from ordin.ary inverted sugar (p. 466) 

TBXAEITE. A name applied by E.. Hermann (J. pr. Chem. kxxii. 368) to 
native nnignesinm-hyilrate, Mg'’H-*0-, occurring at Woods Mine, Texas, Lancaster 
County, Pennsylvania, in nionoclinic forms bomooomorphous with epidote, whoreas 
the ordinary form of magnesmm-hydvate (bvucite), is rhorabohedral ; but, according to 
Auerbach’s observations of die polarising properties of the so-called texalite crystals, 
they also belong to the hexagonal system (Jahrosb 1861, p. 979.) 

XBEASlTB. Hi"C0’.3Ni’'H«0‘. Syn with EMERann-inoKEL (See CAiinoNATES, 
i. 789.) 

XH AKCBTONE, One of the compounds, or rather mixtures, obtained, according 
to Zeise, by the action of ammonia and sulphur on acetone (1 28) 

XHAEXTB. A name appbed by D Owen (Sill Am. J. xiii 420), to an altered 
soapstone from the north shore of Lake Superior, which ho supposed to contain a 
peculiar earth, thalia ; this however, according to Smith {litd xvi 96), and Gonth 
{litd, xvii. 130), was merely impui-e magnesia 
XH ABEEIOCKIN, or DAEEBIOCHIN. A product of the action of chlorine- 
water on snlphate of quinine (p. 18). 

XHAEEIXB. Syn withEpinom 

XHABEXITK. Atonao Weight, 204 , Symbol, Tl. — ^An element discovered by 
Crookes, in 1861, in a selemferous deposit from the sulphuric acid manufactory in 
Tilkerode, in the Harz. In the distillation of some impure selenium prepared fiom 
tins deposit, a considerable residue was left, which was at first supposed to contain 
tellurium, till spoefOTm-analysis showed that a new element was present, whose apec- 
tnim consisted Ota single shorp andbrilliant green lino (lienee the name thallium, from 
SaWis, a green bud) This element was at first suspected to be a metalloid, but furtlier 
examination proved it to be a true metal It was first obtained, in a distinct metallic 
form, by Crookes, towards the end of tbo year 1861, andsoon afterwards by Lamy, 
whose experiments appear to have been made without previous knowledge of Crookes’s 
results * It has since been made the subject of numei-ous researches, and a gi-eat 
number of its eompoiinils have been prepared and carefully examined A full account 
of the results obtained down to January 1864, together with a list of memoirs, is 
given by Crookes, in the Journal of the Chemwal Society, vol xvii p. 112 The most 
import, int papers on thalhimi and its compounds, published since that date, are the 
following — 

On the Extraction 0 / TAdlhttjn.— Sehrotter, Wien Akad. Ber. xlviii [2], 734 — 

son Oiem “iS, the dUcovory ut the metellii. nature of thallium, 
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G. Werther, J. pr Obcm xei. 386. — Streng, Zcitsclu’ f Chom 1866, p. 106 — 
Bunsen, Ann. Ch Phaim. exxxiii, lOS—Willm, Ann. Gh Pliys [4], v_6 
Crystalline forma oj Thallmm-salts. — W. H. Miller, Proe Hoy. Soc. av, 656. 
SoluhMy of ThdUium-salts. — Crookes, Chem. Noto. x 27 
OMondea of r/iaZfeu»!.— Werther, J pr Ohem. lei. 386.— Nickles, Compt. 
rend. Ivni 637. — ^Heblierling, Ann. Cb Pharm cxxxir. 11 — Willm, loc. at 
Biomidea and Iodides of TluMvma — Werthor, foe. ci<. — ^WiUm,foe oit. — Ontlia 
Bromides also, 'Willm, Bull Soc Ohlm. 1864 li. 89 — Nieklbs, loc wt. 

Flnmdes of Thallium. — ^Kublmaun, Oompt. rend. Iviii. 1037.— Buckner, X pr 
Cbem. xcvi. 404. 

Oxides and Oxygen-gaits of Thallmm. — (Schonbein, J pr. Ohem. xciii 86 — 
Werther, /oo. at. — Kuhlmann, 7oc. oil — Strecker, Ann Gh. Pharm cxictT 207. 
— ^Willm, loo at . also, Bull Soo Chim. 1866, n. 166 . — On the Thosphatss of Thal- 
lium, La my, Ann Oh. Phys [4], v. 410 

Tlis memoir of Willm, above referred to. contains a summary of the results relating 
to thallmm and its compounds down to 1366. (See also Jahresh f Chemie, 1864, pp. 
246—267; 1866, pp. 242—266) 

Sources — ^Aa sulphide, thaUnim is very widely distributed as a constituent of irou- 
and copper-pyrites Amongst those ores in which it occurs most abundantly (altliough 
in these oasos it does not constitute more than from the 100,000th to the 4,000th bulk 
of the ore), may be mentioned iron-pyrites from Theux near Spa in Belgium, fiom 
Namur, Phihpnlle, Alais, the South of Spain, Prance, Ireland, Cornwall, Cumberland, 
and different parts of North and Soutli America, in copper-pyiitos from Spam, as well 
as in crude sidpliur prepared from this ore; in blende and ealdmine from Theux, in 
blende, oalamino, metallic zinc, sulphide of cadmium, metalhc cadmium, and cuke-sul- 
phnr from NouvcUe-Mont.ign6, in native snlphnr from Lipari and Spam , in bismuth, 
mercury, and antimony oros, as well as in the manufactured products from these 
minerals (frequently in so-oaUed pime medieinal preparations of these metals), in 
commercial selenium and tellmunm (probably as selenido and tellurido). 

Thalhum is likewise frequently present in copper and in commercial salts of that 
metal In Spain a very impure copper is prepared by allowing copper pjTites to 
oxidise in the air, washuig out the resulting sulphate of copper, and placing scrap- 
iron in the liquid, which causes the copper to precipitate in the piowdery state. The 
metal is then collected together, dried, strongly compressed, and heated to the melting- 
point It IS brought over to this eounti'y m the form of rectangular cakes, weighing 
about 20 lbs. each The sulphide of thallium, oiidismg to sulphate along with tho 
sulphide of copper, is washed out by tho water, and precipitated with the copper 
by the iron The two metals readily alloy together 

Thallium is also piesent in tolerable quantity in lepidolite from Moravia, and in 
mica from Zmuwald (Schrotter). It has likewise been found in the deliquescent 
“Sel-a-Qlaoa” fi^om the mother-liquors of the saltworks at Nauhoim This consists 
of a mixture of the chlorides of magnesium, potassium, and sodium, with relatirely 
considerable quantities of rubidium- and csesium-ehlorides, and sensible tiaces of 
thallium-chloride. (Bbttger.) 

Many samples of eommereiol sulphuric acid and yellow hydrochloric acid contain 
thallium The source m these cases is evidently the pyrites used in the sulphuric acid 

Preparation. — o. Ihom, Iron Pyrites, — Tho pyrites from the Soci6t4 Aiionymo do 
Hooheux et d'Oneux, Thoux, contains about 1 pt of thalhum in 4,000. Two tons of 
this ore were worked in the following manner. — 

The pyrites, broken up into pieces of the size of a walnut, is distilled in hexagonal 
east-iron pipes, closed at one end, and arranged in a reverberatory furnace. Conical 
sheet-iron tubes are luted on to the open ends, and the. retorts are kept at a bright- 
red heat for about four hours At the end of the operation, the receivers mo 
found to contain from 14 Ihs. to 17 lbs of dark-green or grey-colom'ed sulphur for 
every 100 lbs. of ore used. The whole of tho thallium originally lu the pyrites is 
found in this sulphur. Tbe sulphur may be dissolved out by means of carbonic 
disulphide, whioli Laves the sulphide of thallium behind , or it may he extracted by 
boiling with caustic soda The former plan occasions less loss of thulium, but, owing 
to the inconvenience of working with large bulks of of carbonic disulphide the soda 
process is preferable. 12 lbs of caustic soda, 18 lbs of the tlialhferous sulphur, and 
1^ gallon of water, are boiled together tiU the sulphur has disappeared , 6 gallons of 
water are added , and the clear liquid, when cool, is decanted from a volummous black 
precipitate, which has been separated from the sulphur The precipitate is then 
collected on a calico Alter and washed It contains the greater portion of tho thallium 
in the form of sulphide, together wth iion, copper, moicnry, zinc, &c Some tlinlliiini, 
however, is dissolved in the alkaline liquid and lost. The black procipitato is tlion 
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cliasolvod in hot dilute stilplmrio fu-id, to whidi a little nitric acid is added, and the 
liquid 13 diluted with water and filtered. Hydrochloric acid and sulphite of sodium 
will now thi#vv down the nearly ineoliihle white protoehloride of thdUiiun, which is to 
be filtered off and washed. (Crookes) 

0. F/om Sulphur or Fi/rika in the Wet Way . — The material is dissolved in nitro- 
iiiuriatic acid, until nothing Init hright-yellow sulphur is left , water is then 
added, and the filtrate is evaporated with sulphuric acid, until it is nearly dry, 
and snlphurio vapours are copiously evolved. The residue is dissolved m a lai'go 
excess of hot water, and carbonate of sodium is added to alkaline reaction, and then 
cyanide of potassium (free from sulphide of pofoasium) The liquid is then heated 
gently fur some time, and filtered The precipitate coiit.iiub the whole of the lead 
(and bismuth) which may ho present, as carbonates, whilst the thallnim roniiuns in 
solution A current of sulphuretted hydrogen being now p.assed through the liquid, 
precipitates all the thallium, whilst the copper, antimony, tin, and arsenic rcniam 
dissolved. The precipitated sulphide is filtered off, washed, and dissolved in dilute 
eulphmio acid, and the thallium is precipitated as chloride, by means of hydi'ochlorie 
aeiA (Crookes.) 

7 Frcnn the Flue-dust of Fyntes-humers, — This is hy far the most economical 
source of thallium at present known. In burning thnlhferous pyrites foi the purpose 
of mnunfacturiiig sulphuric acid, the thallium oxidises together with the sulphur, and is 
driven off by tho heat If the passage leading from the buruors to the leadou 
olmmbcie is only a few feet long, the greater portion of tho thallium escapes condensa- 
tion, and voUtihsoa into tho leaden cliambors ; it there meets with uqueous vapnnr, 
siilpiiiu'ous and snlphurio acids, and becomes converted into thallions sulpliate. Tins 
hoing readily soluble, both in water and dilute sulphuric acid, and not being reduced 
by contact with the leaden sides, remains in solution, and aooorapames tlie sulphuric 
ueid in its subs'oqnent stages of concentration, &c If, on the other hand, tho piissiigo 
connecting the buriiers nnd chambers is 10 or 15 (or more) feet in length, neaily the 
whole of tho thaUium is condensed, together inth a considerable number of other 
bodies which constitute “flue-dust,” — namely mercury, copper, arsenic, antimony, 
iron, zmo, cadramm, bismuth, lime, and selenium, togethei with ammonia, sulphuric, 
lutrio, and hydcoehlorio acids. The amount of thallium in these flue-deposits is very 
various, seldom amounting to as much as per cent , although in some as much ns 
8 per cent, has been found 

The following is the plan adopted by Crookes for extracting the metal from this 
I dust ou the large scale . — The dust is first mixed in wooden tubs with an equal weight 
of boiling water, nnd is well stirrocl , during this oporution a eonsiderablo quantity of 
nitrous acid IS evolved, after which the mixture is allowed to rest for 24 hours for 
tho undissolved residue to deposit. The liquid is then syphoned off, and the residue 
>8 washed, and afterwards treated with a fresh quantity of boihug water. Tho collected 
liquors, wlneh have boon syphoned off from tho deposit, are allowed to cool, precipi- 
tated by the addition of a considerable excess of strong hydrochlorio acid, and the 
precipitate, consisting of very impure chloride of thaUumi, is allowed to subside. The 
chloride obtained m this way is then well washed on a calico filter, and afterwards 
squeezed dry. Three tons of the dust yielded 68 pounds of this rough chloride 
(0 r 0 0 k e a) For tho further treatment see helow 

W orther boils the flue-dust repeatedly with carbonate of sodium, precipitates the 
filtrate with excess of ammouinm-sulphido ; converts the precipitate into sulphate by 
boiling it with snlphimo acid, with addition of a littlo nitric acid , precipitates the 
ammoniacal solution of the Utter with lodido of potassium , and reduces tho iodide of 
thallium by fusion with cyanide of potassium 

5 From Oonimercial SydroeUane Aeid — ^Many samples of yellow hydrochloric acid 
coutuiii thallnim. It may be separated by neutrahsiug with ammonia, and adding 
sulphide of ammonium The' black precipitate contains tlio thallium, together witli 
iron and some other metallic impurities of the acid. It is to be dissolved in sulphuric 
acid, aud the thnlliiim precipitated hy hydrochloric acid as protoehloride. 

The crude protocl)lorid6_ of thallium obtained by either of the above methods is added, 
hy small portions at a time to half its weight of hot oil of vitriol iu a porcelain or 
platinum dish, tho mixture being constantly stiiTod, and the heat continued till tho 
whole of the hydrochloric acid and tho greater portion of the excess of sulphuric 
acid axe driven off. The fused aeid sulphate is now to ho dissolved in an excess 
of water, and an abundant stro,T,m of sulphuretted hydrogen passed through tho solu- 
tion The precipiUto, which may contain aiseme, antimony, bismuth, lead, mercury, 
and Sliver, is sepaTatefl by filtration, .ind the filtT,itp is boiled till all free snlpbytliie aeidis 
umuved. Tho liquid is now to ho lendored .ilkaline with ammonia, and Iwiled, the 
pucipit.il 3 of i«n and ulumiiia, which generally appears iii this place, is iUtered off, 
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and thf clear solution O7aporatod to a BmaU bulk Sulphate of thaflium tlion separates 
otit on cooling, in long, dear, prismatic crystals As sulphate of ammonium is much 
more soluble than sulphate of thallium, the latter can readily be sepdiatod from the 
small quantity of the former salt present. The two salts do not crystaUise together 

In order to avoid the inconvenience of driving off the excess of oil of vitriol in tlio 
dueomposition of chloride of thaUium, it may m some cases he preferable to proceed as 
follows — Boll the ohioride of thallium in solution of sn^hide of smmoninm for five 
iinnutoB • decomposition takes place readily. Biltor, ana wash with hot sulphuretted 
water till no more chlorine can bo detected in the filtrate ; then dissolve the sulphide 
on the filter in dilute sulphuric acid, and treat the solution with ammonia, &o., as 
above directed (Orookes.) 

« Pram the Sahne Scsidues of the Saltworks at Naiihnm. — ^The strong solution is 
mixed with a ^uanfaty of platmic chloride not sufficient for complete precipitation, 
iiiid the precipitate is boded five or six times with three times its weight of water ; 
the insoluble residue, consisting of the platiuum-salts of CiBsuun, ruhidiuui, and thal- 
lium, 18 boded with a weak solution of potash and a little hyposulphite of sodium, till a 
clear solution is obtained , and tliis solution is treated with cyanide of potassium and 
sulphydric and, whereby the thaUnim is precipitated as sulpludo. The liquid is then 
to be filtered, aud the residue washed and dissolved in sulphuric acid. (Botlger.) 

f Prom TjO'pidohte and Mica — The residue obtained by reduction of the platinum- 
salts of rubidium, cossnim, and thallium, as described under BunmiUM (p. 128), is 
larefully washed with water, to dissolve the chlorides of csesinm and rubidnun ; the 
washed platinum-black is dissolved in nitromurmtio acid, and evaporated to drive off tlio 
excess of acid , and the diy mass is digested with water, which leaves the whole of the 
thalhuin-ehloroplatinato (still containing a little rubidium) undissolyed This rcsidno, 
after addition of a few drops of hydrochloric acid, is boiled with finely granulated 
zme, the excess of zinc is dissolved out of the precipitated metals hyhydrochlorio acid 
(which does not take up any thalhum) ; and the washed residue is heated with uitne 
acid, which dissolves the thalhum, and leaves the platinum (Sohrotter ) 

• 7/. From the MotherAimiors of Zvna-sulfhate. — The mother-liquor of zinc-vitiinl, ob- 
tained atGoslav, ui the Harz, by working pyrites from the Eamnielsberg, is (according 
to Buns on) a very convenient eouree of tliallium. When boiled down to a specific 
gravity of 1'441 at 24°, it contains (according to an analysis by Nouhoff) 0 05 por 

• cent chloride of thallium, together with the sulphates of ziuc, cadmium, manganoso, 
copper, and many other salts When mixed with an equal volniiio of hydiuchlorie 
acid, it yields a precipitate of thallium-chloride , and with iodide of potassium, in pre- 
sence of a sufficient quantity of sodic hyposulphite, a precipitate of thallium-iodide tree 
from copper. The simplest method of obtaining the thallium is to precipitate it, together 
with copper and cadmium, by immersing plates of zinc in the cow hqiior. Thometalhc 
powder thereby preoipiUted, after being quiclcly rinsed, is digested mth water con- 
taining sulphuric acid , and the resulting solution, containing thallium (together witli 
cadmium), is precipitated with iodide of potassium. A cubic metro of tho hquor thus 
treated yielded 0 6 inlogrm. thallium. (Bun sen ) 

5. To roeover the thallium remaining in the mother-liquor of any of the proparations 
above desenbed, Willm precipitates the solution (redue^, if necessary, by sulphurous 
aeid) with iodide of potassium, decomposes tho precipitated iodide of thalhum with 
nitric acid (iii a distillatory apparatus, arraiiged so as to condense (lie volatilised 
iodine), and ovaporiitos tho resnltmg solution of thallium-nitrate to tho crystallising 
point Insoluble residues are treated witli nitromuriatic acid, the neutralised solution 
IS precipitated with sulpiiide of .immonmm , and tho precipitated sulphide of thalhum is 
converted into sulpluito by treatment with sulphuric acid. 

Preparation of Metallio Thalhum — The metal is reduced from its solution, gene- 
rally from tho sulphate, either by electrolysis, or by the action of zme — 1. "^on 
an electric current txom two or thiee Grove’s cells, with platinum terminals, is passed 
through an acidulated solution of thaUiiim-sulphate m its own weight of water, tho 
motal 18 deposited on the negative pole, in brilhaiit plates and long needle-shaped 
crystals, stretching out towards the positive pole, and presenting an appearance hku 
that known as the tin-tree. The reduction is complete when hydrogen begins to 
escape at the negative pole The ciystalhne motalhe sponge may| then he squeezed 
into a compact moss round tho phitinimi terminal, weU rinsed with water, removed 
from the platinum, and kneaded by tlie fingers into a solid lump. (Crookoa ) 

2 For reducing considerable quantities of thallium, it is best to employ 
metallic zinc. Plates of pure zinc (which should leave no rosidno whatever when dis- 
solved in snlphiu’ie acid) are arranged vertically round the sides of a deep poieclain 
dibh holding a gallon Crystalhsed sulphate of Ihalllum, in quautitas of about seven 
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pounds at .1 tune, L tlien pl-icod la the cliah, and water poured over to cover the salt. 
Heat IS applied, and, m the course of a few hours, the whole of the thallium will ho 
reduced to th? state of .i uiotidlie sponge, which readily separates from the plates of 
zinc on slight agitation Tho hquid is poured off, the zino removed, and the spongy 
tlmlliiim -naslicd soveral times. It is then strongly compressed between the fingers, 
and preserved under water until it is ready for fusion In this manner upwards of a 
hundredweight of motnlhe thallium may be reduced in the course of twenty-four hours 
(Ovookee.) 

The metal is readily obtained in the coherent form by fiising the sponge This is 
most conveniently performod under cyanide of potassium on tlio small scale, and 
under coal-gas when working with large quantities In the formei case, tho sponge, 
strongly eomprossed and quite dry, is broken into small pieces, which are dropt one 
by one into cyanide of powssuim fused iu a porcelain erucible. They instimtly melt, 
forming a brilliant metallio button at the bottom. "When cold, tho cyanide of potas- 
sium may bo dissolved in water, when the thallmra will be left in the form of an 
irregular lump, owing to its remaining bquid and contracting after the cyanide has 

On the large scale, the fusion is best effected in an iron crucible. This is placed 
over n gas-burner, and a tube is arranged so that a constant stream of coal- 
gas may flow into tho upper part of the crucible Lumps of the compressed spoiigo 
are then mtroduced, ono after the other as they molt, until the crucible is full 
of metal It is then stirred up witli an iron rod, and the thalUum may either be 
poured into water and obtained in a granulated form, or cost into an ingot Thirty or 
forty fusions have been performed in the same crucible without the iron being acted 
upon ID the least hjr the melted tbalbum (Orookos ) 

According to IVillm, pnre thaUium is best obtained by heating tho oxalate in a 
glass tube, the metal then remaining in the fused state. 

1‘rojieHtes — Thalhnm is a perfect metal, with high metallio lustre. Li colour it 
most resembles cadmium, not being so brilliantly white as silver, but free from the 
blue tinge of lead. The true colour can scarcely be seen by cutting or scraping tlie 
surface, as it tarnishes too quickly It is host observed by scraping tlie metal under 
■water, or by fusing it in hydrogen, and allowing the molted globule to flow away from 
the dioBB When fused under coal-gas, the liqtud metal m the crucible ean Inudly be 
rtiatmguished ftom mercury It takes a veiy high polish by friction with appropriate 
materials, ■under water Thallinm tarnishes at oidinary tomporaturos, quickly be- 
coming coated with a film, which abiost entirely protects it from further action of tlie 
sir Tho specific gravity of thallium varies according to the treatment it has uuder- 
gono A lump melted and slowly cooled under cyanide of potassium was found to 
hate a density at 11 81. increasing by strong pressure to 11 88. Wlien squeezed 
into wire, a portion was found to have a density os high as 11 91. Lamy gives it as 
11 86 De la Eive states it to be U 86 after ftision, and 11’80 alter being drawn into 
Wire. Thalbum is the softest known metal admitting of free exposure to the air The 
finger-nail, and eveaa piece of lead, scratcli it readily. It maiks paper bke plumbngo, 
forming a streak, blue at first, then turning yellow, and m a day or two fading nearly 
out Slilphide of ammonium or sulphuretted hydrogen will at any time temporarily 
restore the dark streak. TluiUimn has lees tenacity than lead, usd does not become 
brittle nt any temperature between - 18° C. (0° E.) and its melting-point. It is very 
malleable, and can be hammerod into foil as thin as tissue-paper , its hardness is not 
sensibly increased by hammering It can be drawn into wire only with difficulty, but it 
is squeezed^ into ■wire veiy readily, by the process tecbnically known as “ squirting " 
Tliiillniin-wire is almost de-yoid of elasticity, retaiumg any form into -whioh it is bent, 
with scarcely a tendency to spring to its original position "When first prepared, the 
wire appears amorphous, and wiU remam so if kept at the ordinaiy temperature in 
carbonic .inhydrido, or iu petroleum free fr'om air. In ’water it gradually becomes 
crysUUine, resembling the juoird of tinplate ; this effect is immediately produced when 
tliallium ID wire, ingot, or plate, tarnished or clean, is boiled in water 

Thallium is a very crystalline metal, and crackles almost as mueh as tin when hont. 
IVlieu seviu-al poiimfs of it are fused, and allowed to cool slowly, and the iatcrior 
liquid poriion pourod off from that wliichhas feolidifted, well-defined erystals, in octa- 
hedrons and fernliko foima, are produced. The melting-point of tLilluim is 290°, 
according to Lamy, 293 9° according to Crookes, who determined it by fusing 
about two pounds of the pure metal. Thallium does not become pasty before molting , 
It expands considerably before complete fusion, and contracts stiongly on cooling. 
Two pieces of the metal weldt(^ether niidel' strong pressure at the ordinary tempera- 
ture, and after filling the steel die with aerapa and cuttings, they may ho readily 
Squeezed into a solid rod, appaieiitly as tenacious as when obtained by fusion. 

The most eharaetoriEitic i)roperty of thallium is the intense green colour winch the 
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metal or any of its compounde commumcntos to a coloui'IeiM flame Tina colour, when 
oxamined in tlio apocU'obCopo, is seen to be absolulwly monochromatic, appearing ns 
one intonsL'ly brilhant and sharp groon line, eoiucidiiig with the number 1 142 6 on 
Kirchlioff'a spectrum-chart The thalbuni-apeetrmii is simpler than that of any 
other element yet examined. An amplifying power as great as has ever been nppliud 
to the spoclrmn (1 6 heavy glass prisms;, does not alilbet the integrity of tlie line, and 
the high teinperatnvo of tho hydrogen- or oxyhydrogen-lhime shows no now linos ; 
thiiUmm has therefore a simpler speetriim than sodium or lithium which stand next to 
it m tins respect The spectral reaction of thallium is very delicate, the 6-mdliouth 
pi irt of a grain of thalhum-sulphate being sufficient to produco it 

Tlielengthofthowaveofthegreentliallium-line isO 0006348 millimetre. (J, Muller, 
Pogg Ann. cxviii. 641 ) 

When sparks from an indnction-coil are passed between two pieces of thallium- 
wii;o, the ligiit ceases to be partly inonoehrpinaric On viewing it by the speetroBOupe, 
several new hues make their appearj.uce , hosides the usual lutonse lino in the green, 
flva otliars are particularly observable first, a very faint one in the orange , next, 
two of nearly erpial intensity in the green, more refrangible than T1 a, with a third much 
fainter, tliose three lines in the green being nearly equidistant , and, lastly, a bright 
well-defined line in tho bine. The photographic spectrum contains several very 
ehnracteiistio groups of lines, recalling the foatiu’cs of tho spectra of cadmium and zinc, 
and less strongly tliiitof lead (W A Miller, Proo. Poy Soc xn. 407). Tho thalbum- 
hne lias no counterpart in tho black lines of the solar spectrum 

Thalliuni is strongly repelled by both poles of an electromagnet, being nearly equal 
to bismuth 111 diani.oguetic chsi'actor. In respect of electoo conductivity, it lies between 
tm and lead Taking the conducting power of silver at lOO, thatot tliallnimis 9 16 
according toMattliiesSen, 8 64 accoiding to 1)6 lu Eive. Matthiessen iindVogt 
find that the conducting power of thallium decreases, between 0° and 100°, by 31 420 
par cent , which is a larger percentage decrement than that obtained for many other 
pure metals— namely, 26 307 per cent Thespociflo heat of thaUium is given by Laniy 
at 0 0825, and by Eeguaiilt at 0 03349 and 0 03361. 

Thalluim, when heated in the air, begins to volatilise at a red heat, evolving brown 
vapoiu’s of oxide , it bods below a white heat, and may he distdlcd in a current of 
hydrogen The hvdrogen takes up mechanically a litle thallnvm, which is not deposited 
upon traversing five feet of cold glass tubing, as tho emergent gas, when ignited, 
burns with a bright-green flame. 

■When heated to leihiess and plunged into oxygen, thallium burns brilliantly 
(Lamy) Before the blowpipe, on charcoal, it melts instantly, evolving copious brown 
fumes. Tho bead, if heated to redness, glows for some time after the source of heat is 
removed, continually evolving vapours which appear to be a mixture of metal and 
oxide. On cooling, the adpieeiit parts of the charcoal are found to bo coated with 
small globulss of volatilised metal, surrounded with a reddish amorphous subUmate 
of mixed protoxide and sosqnmxide The principal globule of metal is also coated 
with a fused layer of protoxide, resomhlmg lead in this respect. When thallium is 
heated in an open glass tube, it melts, and becomes rapidly converted into the more 
fusible protoxide, which strongly attacks the glass This oxide is of a dig'k-rod 
colour when hot, solidifying to a brown crystalline mass 

Some of the compounds of thallium are very volatile, the chloride, for instance, dis- 
tilling with the vaponr of water, and volatilising when heated to a temperature below 
T,6dnoss Other compounds, such as the sulphate and phosphate, will bear a full rod 
heat without loss 

Thallium is easily reduced to the metallic state In aqueous solution, the 
metal is readily obtained by the electric current, or by the reducing action of metallic 
zinc In the dry state, its salts may bo reduced at a high temperature by charcoal and 
carbonate cf sodium, or by cyanide of potassium, or from the chloride by an alkab- 
raetal. The pure metal is scarcely attacked by hydrochloric acid, even when boiling. 
It IS dissolved so inowh.it more readily by sulphuric acid, ospcciaUy if it bo in contact with 
a piece of platinum , nitric acid attacks it Tiolenlly 

In electro-chemical position, tlmlhnm is very near cadmium, being precipitated from 
tho sulphate by zinc and iron, but not by caimixun, tin, or copper. 

Several thalhnm-siilts are sensitivo to ligbt, tlie protochWido darkous readily, 
though by no means so T.ipidly as chloride of silver 

Thalhum-salts are highly poisonous, producing symptoms like those of lead-poisumug 
(Lamy, Lompl rend mi. 442, Jahrosb. 1863, p. 265) 

Thallium forms two classes of compounds — namely, the thallious compounds, 
in whieli it IB mu-equivalent, and the thallic compounds, mwluoli it is tci-i-quiva- 
leut Thus itfurms twooxides, Tl*0 andTl’O’, witUcoirespoiiJiiigchluridos, litomides, 
iodides, and uxjgou-s.ilts In some of its chemical relations it. rosoiuhloa the alkali- 



746 


THALLIUM: ALLOYS— BROMIDES. 


mctale, forming a readily soluble and highly alkaline protoada, a soluWa and nikalma 
carbonate, an iiisolnhle chloroplatinate, and a thaliio-ulununic sulphate, similar in 
form and composition to eonimon potash-alum In most respects, however, it is 
• more nearly allied to the heavy metals, eapecially to load, -which it resembloa eloaoly 
m appearance, density, melting-point, specific neat, and electric conductivity. Its 
relationship to the heavy met-us is further shown by its high atomic weight , the 
'complexity of its photographic spectrum, -whieli contrasts strongly inth the simplicity 
of those of the alkali-metals (Miller), tlie highly poisonous character of its com- 
pounds; its easy reduction from solution hymne; the production of a broivn inso- 
luble peroxide hy electrolytic action (p 753), the complete or nearly complete insolu- 
bility of its sulphide, phosphide, iodide, bromide, chloride, chromate, and phosphate. 
ThaUnini diffeis also essentially from the alkali-metals in the slight iiffliiity of its 
protoxide for water, this oxido not only boing non-deliquescent, but reniainnig in tho 
■luhydrous state when its aqueous solution is evaporaWd at oiiuary temperatures m 
a Vflcniim over oil of vitnol. The argument in favom.’ of its relationship to the alkdli- 
metals, derived from the formation of a tlialliuni-ahim, can no longer he considiTcd 
valid, now that a ailver-alum of similar form and composition has boon shown to 
exist (p 680). 

THAXiXiXUja, AliliOirs OS’, These compounds have not been much studied. 
When UiaUiura is projected into a crucible contaiiung meltedeopper, it bods, and in 
great part volatilises, some however uniting with the copper. By repeated additions of 
thaUium, a bard, brittle, white alloy may ho fonned 'With a still smaller quantity of 
th.iUiiun, the nnxture is gold-coloiu'ed ; and with 95 per cent of coppei', it forms a 
hard button, flattening somo-what under the hammer, hut soon cracking at tho edges 
In small quantities, thoUhiin appears to diminish tho muUeabilrty nnd ductility of 
copper. Copper prepared in Spain, by tho ccmontation-procese already described, fre- 
quently contains considerable quantities of thaUinm, winch may perhaps account for 
its pre-eminently bad quality. — With lead, thallium melts readily, forming a malle- 
able alloy. — With mercury it unites easily, forming a solid crystalline amalgam — 
Platinum and thallium unite, with incandescence. Wlien apiecoofmetallicthulhumis 
placed on a platinum-wire loop, and held in the flume of a hpirit-larap, the two motills 
rapidly melt together, becoming nearly wluto hot, and evolving abundant fumes of 
tliallinm ; the resulting alloy is highly crystallino, very hard, and almost os brittle as 
glass. Tho moat convenient way of obtaining the green bght of thallium is to alloy a 
platinnm-wire loop in this manner. When this loop is introduced into a spirit-hunp, 
or heated before the blo-wpipo, a green tint of extraordinaiy splendour is eomimiiii- 
.cated to the flame. — An alloy of thallium and tin is easily obtained by fusion under 
' cyanide of potassium, or coal-gas. With 6 per cent, of thalliiun, the alloy is perfectly 
malleable, 

TSAZil.XtrMiSKOIWZSSSOX’. They)roi!oiro«id«,or Jiialliouahromiie, 
TlBr, is formed by adding thallium to bromine, or by double decomposition, It fuims 
a very pale-yellow precinitato, fiiaiblo below redness, and is mlorniediate in solubility 
hotwaeu the chloride and iodide (Lamy). According to Willm (Bull, Soc. Chim. 186i, 
ii, 89), it IB nearly insoluble in cold, and very slightly soluble in boiling water In 
contua* with htomme and a small quantity of water, it gradually dissolves, with riso 
of temperature, to a liquid, which, when evaporated in a vaouiun, sobdifles to a pun- 
gent, yellow, deliquescent, crystallina mass of impure tribramide, or thallio iro- 
TlBr" (containing rather loss bromine than that required by the formula) On 
mixing the aqueous solution of tho tribromide with the protobromide, or subjecting it to 
paitial reduction, the hot liquid yields long, siskin-yeUow, shining needles, appearing 
under the microscope as quadratic prisms, and consisting oHhadiiromide, Tl^lBr' =» 
TlBr TiBr’. They are decomposed by water into a protobromide -which sepavates, 
a tribromide whidi remains dissolved, and a aesquibronnde, IBBr" = TlBr^.STlBr, 
which erystallisos in translucent, oruuge-red, six-sided laminae. Tins lust compouud 
is l^ewiso decomposed by treatment with water, -with sepai-ation of protobromide. 

Tho tnbromido forms, with bromide of armomm, a double salt, KH'Br TlBr* SH^'O, 
crystallibing in long, yellow, transparent needles, which easily give off their water in a 
vacuum A concentrated alcoholic solution of the tribromide mixed with ammonia., 
jinlds a white precipitate of the compound TIBrhSiiH*, which quickly turns yello-w, 
nnd is easily decomposed by water, with separation of black sesqnioxide of thallium 

A compouud of thaUic bromide with cthyhc oxide, 2TlBr''.3(G'H‘)*0, is produced by 
adding bromine to anhydrous ether in wMeh metallic tbnilium or the protobromide is 
suspended. This compound dissolves in bromide of amniomiim, yielding tho double 
salt HH’BrVnBr", -with 2 at. and 3 at. water, the fowuor liyA’ate crystallising iii 



THALLIUM : CHLORIDES. 747 

rhomboidal or sis-sided tables, the second in needles , both melt in their -water of 
crystalhsation below 1 00°. (N i ekl 4 s, Compt. rend. hni. 637.) 

THAKIiItmi, CBXiOBIDES OI*. Thallium forms four cldorides enalogous 
to the bromides • — 

Frotoohlorideof Thallium,, or Thallious ChlOTide^'iiCl. — llfetallio thallium 
IS attacked at ordinary temperatures by chlorme; when heated in the gas, it burns 
and forms a yellow liquid, which solidifies on cooling to a pale-yellow or white crys- 
tallme mass If excess of chlorine has been present, the produe* consists almost 
entirely of higher chlorides , but in presence of an excess of thallmm, the whits pro- 
tochloride is the only compound formed. Boiling hydrochloric acid attacks thallium 
hut slowly, the action soon ceasing, owing to the formation of a layer of ddScultly 
soluble chloride of thalhum. IVhen hydrochloric acid, or a soluble chloride, is added 
to a solution of thulhous oxide or a thallious salt, a white curdy precipitate of proto- 
clilorida is thrown down, searcoly to be distinguished at first sight fiom chloride of 
silver. When boiled m water, it dissolves like chloride of lead, and scpar.vtes again 
on cooling ; the crystals, however, are much smallet and lass brilliaut than those of 
chloride of lead Protoohlorida of thalliiim is also precipitated when sulphurous acid 
or an alkaline aulpluto is added to one of the higher chlorides. 

Oue part of the protooUoride dissolves m 283 4 pts of water at 16 6°, and in 62 6 
pts. of boiling water It IB insoluble in alcohol, and scarcely, if at all, more soliiblo 
in aqueous ammonia, cyanide of potassium, or hydrocldoric acid, than in watei 
Whan boiled in nitric or nitromivriatic acid, it is converted into a higher chlondo. It 
may be heated to 230° without loss of weight , at a slight increase of heat, it suddenly 
melts to a thin brown liquid, white vapours being simiiltanoously evolved. On cooling, 
It solidifies to a white, sliming, crystalline, somewhat flexible mass. The specific 
gravity of the fused chlondo is 7'02 (Lamy) The fused lump isvcdueed to the metal- 
lic state by zinc and dilute acid, like fused chloride of silver. According to Lamy, 
chloride of thallium is unalterable by light, but according to Crookee, itundergoes 
a considerable daikening when exposed either to sunlight or diffused daylight. 

Protochloride of thallium forms double salts with trichloride of gold and tetrachloride 
of platinum — ^The chloroaw ate separates from the hot aqu -oiis solution containing a 
slight excess of anno chlondo, in hriUiant gold-coloured crystals ; it is slightly soluble 
in water, and when ignited leaves an alloy of gold and thallium — ^The ohlmoplaUnate, 
2T101 PtCb, is precipitated as a pale-yellow erystalline powder, very sparingly soluble 
in water, mucli less so than the corresponding potassium-, ruhidnim-, or ccesium-salts 
(g.i) ), 1 pt. of It reqmring for solution 16,586 pts, water at 16 6°, and 1,948 pta. at 100°. 
(Crookes.) 

Sesquiohlorideof Thalhum, TPCl' or T1''C1"=T1C1'* 3T1C1.— This compound la 
produced by dissolving thaUiiim or the protochlorido in nitromunatic acid, .ind separates 
on cooling in yellow erystalhiie scales. It may also be proparid by heating the tri- 
chloride till It melts, and no longer gives off ddoriiio (p, 748). ['Werther obtained by 
these processes only vimablo mixtures of the protoehloride and triehloride ; but other 
experimenters have obtained a definite product.] The soaquichloride, when heated, 
melts below redness, forming a dark-brown liquid, winch solidifies to a Hghter- 
coloiu’ed mass, It is «)lnble in 380 1 times its weight of water at 15 6°,'and in 
52'9 pts. of boiling water. Pure water produces a slight decomposition into sosqui- 
oxide and protoehloride, which, however, may be prevented by the addition of a drop 
of nitrio or hydrnchlone acid. When slowly crystallised from slightly acidulated 
boiling water. It separates in briUiant orange-yellow hexagonal plates, eonsidorably 
daiker than when it is obtained by more rapid crystallisation, and prosontiiig the 
closest resemhlancB to iodide of lead. Sesquichlondo of thiiUmm is also precipitated 
by the cautious addition of sulphite of sodium to one of the higher chlorides, when- 
ever it separates from a liqmd, it shows remarkable cirstalline characters, and when 
jiiBtprccipitatfld,proiliio6S amngniflceiit satiny lustre m the liquid. Solution of ammonia, 
potash, or even thidlions oxide, added to tho sesqiiichloride, produces instant 
decomposition into sesqnioxido and protoehloride, according to the following equation ; 

4TP0P + 3(NII‘)°0 = TPO» + 6T1C1 + BbTH-'Cl. 

When pure dry ammomacal gas is passed over the sesqnidiloride, heat being applied 
with a spu'it-lamp, the salt first assumes a deep orange tint, without fusing, and loses 
its brilliant, almost metallic lustre. On increasing the heat, the chloride fuse.s, and 
at the same time sal-ammomac vapours are abundantly evolved The melted com- 
pound froths up, and assumes a deeper tint, ultimately becoming bro-wn, and then 
gi’aclually paler, until there finally remains perfectly white pvotodilorido of dialliurn 

The rciiotion between ammonia-gas and sesquiddoride of thaUiiun is rcprcseiitod by 
the following equation . — 
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3Tra* + 4HH» = 6T1G1 + SffH'Cl + H. 

Tha soaquieUonde, heated in a stream of sulphydnc and gas, is converted into hlaet 
Biilphide of thallium, -with evolution of hydroeldonc acid and volatilisation of aulplmr 
Its aqueous solution yields, with snlpliydrie acid, a slight red precipitate, which disap- 
pears on boiling, leaving only a siuull quantity of sulphur — Sulphide of ammomum 
or potassiwBt, produces complete precipitation (Hebherhng, Jahtesb. 1866, 

p 260) 

Tlutmic chloride added to the aqueous solution throws down thallioiis cliloroplati- 
nate, 2T101,PtGI*, while thallic chloride remains in solution (Wertbor, ibid. 
p 246.) 

Diohloridc of ThalHum,Ti‘CV >= TlCl’.TlCl, is formed by carefully heating 
oitlipr thallium or the protochloride in a slow current of eliloriue, the re.sulting chloride 
being kept liquid. The diehloride is palo-yellow, rather liygronictric, tmd decidedly 
more fusible than the seaquichloride. It is reduced to sesquiuhloride by beat. 
(Lamy ) 

Trichloride of Thallium, m Thallic Chlo'nde,T\Q\^. — This compmiud is 
formed by dissolving tbe trioxide in hydroelilorio acid, or by acting upon thallium or 
a lower chloride with a largo excess of chlorine at ageutle heat According to W or- 
tlior (Jahresh 1864. p 247), it is most aisily prepared by treating thallium or the 
proUidilorido with chlorine-gas undei water, till the resulting solution is no longer 
precipitated by piatinio chloride The solutieii freed trom excess of chlerme by a 
stream of carbonic anhydride, and evaporated in a vacuum, yields a crystalline mass 
composed of long coloiu less prisms ot tbe hydiatod trichloride, T1CP.H“0, sometiiuos 
also long deliquescent needles, containing 2T1G1‘ 1511*0 It melts easily, and decom- 
poses with loss of chlorine, the residue consisting, according to Lamy, of the aesqm- 
ehlonde, according to W erthor, of mixtim-a ot the trichloride and protodilonde. 

Triohlorido oftliallimn unites with the elilonJcs of thealkali-nietala, forming colour- 
loss orystallisable double salts, which easily decompose with separation of thallio 
oxide (Nicklis,!. Pharm. [4], i 26) — The SNH^Gl TICP 2n*0, is 

produced (with simultaneous formatiou of chloride of uitrogeii) by passing chloi'iiio 
into a solution of thallions chloride containing a Luge quantity ot anl-ammoiiiao , more 
readily by digesting the ether-oompoiind of tlnvllia chloride (ui/i a) with sal-timmoninc, 
It then separates in large six-sided tables, belonging to the triinetrie system, eiisily 
soluble in water and in alcohol (Nichles) — The yiotoswwi-stdt, 3KC1.T1C1 ^H*0, 
crystalhsea from a mixed solution of the component chlorides in modified cubes 
(Willm).— Tbe cnprio ia.lt, Cu”GP 2T1CP, bep.mites ftom die mixed solution of its 
constatueut salts, in opaguo green crystals, simultaneously with eoiom’less trniisparont 
prisms, whiehhave not been examined. (Willm.) 

A compound of thalhc chloride with ethylic oxide, TlOl’ (0*H*)*0 HCl + H*0, is 
obtaiiiod, according to Nicklis (Jabresb. 1864, p. 252), bypassing chlorine into 
anhydrous ether, in which metallic tliallmm or the protochloride is suspended, Two 
Liyurs of liquid are then formed, the lower containing the etlier-conipnuud, which 
remains boliind on evaporating tha product at 10(1° in a stream of oiirbouio anhydride. 
It dissolves in other and in water containing hydroehlorie acid, decomposes alkiibno 
carbonates, and when treated with an excess of the latt(%, deposits sesquioxide of 
thallium. With sulphurous acid it yields protoeliloride of tiiallium 

THAXililVM, CVANISB OF. Obtained by imxing the concentrated soluLions 
of potassic cyanide and thallions carbonate, or by neutinlisuig tlialliuus oxide with 
prussic acid (Knhlmann) ; more easily by mixing strong solutions ot potaa=ie cyanide 
and tbnllioiis nitrate (Crookes) It separates lu shining erystalliuo plates, not very 
soluble in water. When heated, it decrepitates and melts easily, mid wlion iutoiiSBly 
lieated on pl.itinum-foil, volatilises without reduction, or uiloyiiig witli the phitiiium. 

tPerroso-thallious Oi/amde, or Fanoeyauule of ThaUmm, pi-ocipifated on mixing 
ferroeyaiiido of potassium with thallions nitrate, forms yellow crystals, slightly soluble 

THAHIUOT;, DETBCTtON AWa BSTIMAtriOBr OF. 1 Beaetionsin 
the Dry Way— The behaviour ot motalhc thallmm betore the blowpipe, iind tlie 
lieciiliiir chnnicters of its spectrum haw been already described (p 746) Tlie green 
line Tla is alone sufficient to distinguish thaUium from all other elements Thallium- 
suits, when Ignited, generally fuse liolow redncBS, nud then volatilise , some of them, 
liuwcver, as the sulphate and phosphate, will stand a hright-rod heat without chiiiige , 
the chlorides, on the other hand, distil over with vapour of water. On charcoal 
before the blowpipe they volatilise, communicating an intense green colour to the 

2. Reaction sin Solution. — a, Thallions salts arc forthe most part colourless, 
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unlcBB the tieid itself is coloured. They are mostly soluhle in water, neutral to tost- 
paper, and liave a slight metaUie taste Their aqueous solution is rapidly precipitated 
lu metallic crystals hy ^ine, and slowly by iron. — Fhosplurretted hydrogen precipitates a 
black phosphide — SuJphgdne mid added to a solution of a thalbous salt containing a 
weak acid, such as carbonic or acetic, separates the whole of the metal in the form of 
a deep brown sulphide, from solutions of thalhum-salts of the stronger acids, such as 
the sulphate or nitrate, sulphydnc acid precipitates nothmg if the acid is in escess, 
and only a small portion of the metal if the solution is neutral. — Sulphide of ammo- 
nntm precipitates thnlhum-salts oomplntely, the precipitated sulphide being msohiblo 
in Bidphide of ammonium, in eanstic alkalis, their carhonates and cyanides, and only 
slightly soluble in acetic acid. — Hgdrochlonc mid and soluble chloi ides precipitate a 
difficultly soluble wlute chloride, hydrohromvo mid and bromides piecipitate a white 
nearly insoluble bromide, and hgdnodic mid and iodides precipitate an insoluble 
yeUow iodide — Allalis, aihalme carbonates, or bicaibomtes produce no change in 
thalhous salts phosphate of sodium gives a white precipitate, nearly insoluhle in am- 
monia, easily soluhle in ueidB.— Chromate of potassium gives a yellow precipitate of 
thaUious chromate, insoluble in cold nitric or sulphuric acid, but turning orange-red on 
boiling in the acid solution.— Pfafisio chloride precipitates a very pale-yellow insoluble 
double salt. 

From these reactions it appears that, in examining a mixed metallic solution, 
according to the ordinary method of qualitative nnalyiiis (i 217), th.dlium will be 
found in the precipitate thrown down by sulphide of ammonium, together with iron, 
nickel, mangaiieso, &o From these metals it may ho easily separated hy precipita- 
tion with iodide of potassium or platinio chloride, or hy reduction to the metallic state 
with zinc According to Hobberling, iodide of potassium is, next to the spectral 
reactions, the most delicate of all tests for tlie presence of thallium, producing a visible 
precipitate in a solution of thalhous sulphate, containing only O’OIOS pt of the salt in 
1,000 pts. of the liquid. 

S Thallie salts are easily distinguished fi-orn thalhous salts hy their hohanoiir 
with alkulis, and with soluble chlorides or bromides Their solutions givo with 
ammonia, and with fixed alkalis and their carbonates, a brown gelatinous praoipitato of 
thalhc oxide, containing the whole of the thalhum. HgdioMonc aaid and soluble 
chlorides or biomides produce no precipitate in solutions of pure thalhc salts , but if a 
thalhous s.ilt iS likewise present, a precipitate of sesquichloride or sesqiiibromide is 
formed Oxalic acid forms in solutions of thaUie salts a white pulronileut precipi- 
tate, pfospAona acid a white gelatinous precipitate, andaisonc mid a yellow gelati- 
nous precipitate ; these three precipitates, however, are sparingly soluble only in 
presence of a large quantity of free acid, so that they are not always produced by the 
corresponding alkahiie salts — Sulphoeyanate of potassium tarma in aeid solutions of 
tlialho salts a black-grey precipitate, in very slightly acid solutions a yellow precipi- 
tate, which is dissolved by honing water, and at the same time reduced to a thalhous 
salt — Chromate of potassium does not precipitate thallie salts (Willm, Jaheesb 
1865, p. 265) According to Streclcor, on the contrary (liid p ^ 263), chromate of 
potassium forms, in .a solution of thalhc sulphate, a yellow precipitate, which turns 
brown in contact with wq,ter Thalhc nitrate gives with ferroeyaimh of potassium a 
sislnn-green, with the ferroeyanidc a yellow precipitate. A solution of thalhc sul- 
phate or nitrate, mixed with taitraie of sodium, gives, with ammonia, a white cimly 
precipitate, soluble in excess of ammonia, to a liquid which deposits the brown sesqui- 
oxide on boiling But when the sesquioxido is boiled with tartaric acid, carbuitio 
anhydride and formic acid arc evolved, and a solution is formed, which deposits crys- 
tals of thalhous tartrate The ammoniacal solution of thaUie oxide formed in 
presence of tartano (or phosphoric) acid, gives with sulphide of aumonmui or lulphy- 
di 1C acid, a brown precipitate, molting at the hoihug heat to a metallically lustrous 
hall, winch dissolves in hot dilute sinplinric aeid, with evolution of sulpliydrie nenl 
and deposition of sulphur — Iodide of potassium added to the same aiiiiuoniacul solu- 
tion, forms a black proeipilute, which changes on boiling to thullious iodide mixed 
with a small quantity of iodoform (Streeker ) 

3 Estimation and Separation. — ^Thallium, when it occurs in sohdion as a 
tihaUious salt, is most conveniently estimated as protoiodide. Til, in which state 
it IS obtained by precipitation with iodide of potassium. The precipitate is quite 
permanent in the air, and at the temperature at which it is weighed. It is but very 
slightly soluble in water, insoluble or neai-ly so in saline solutions, alcohol of 92 per 
cent , and aqueous ammonia, but perceptibly soluble in water contaimng free uoids or 
fixed alkalis. On mixnig tlie hot ammoniacal solution of a thalhous salt with iodide 
of potassium, the thalhous iodide separates immediately as a curdy precipitate, which, 
after standing for several houi-s, m.ay be coUccLed on a weighed filter, and washed with 
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alcohol, or, if Oils is inadmissiWe, with nmmonia. It is then drisd .it nfl", aud 
weighed it contains ‘19 40 per cent, thallium. (Gr. Werthor, Zoitschr. Anal. Ghom 
in. 1 , Jahi-esl) 1864, p. 712 ) 

Thallium may also be estimated in tlioform of thallioua sulph ate, but not quite 
BO exactly as by the method just deseribod. The sulphate bears a dull red heat with- 
out perceptible volatilisation, but it 18 voUtihsedata bright-red heat Thallium la 
veiy ooiupleteljr precipitated from solutions of tlmllmm-salts by platimo cUonde\ 
but the precipitated eWoroplntinate is troublesome to manage, as it is very finely 
dmdod, and is apt to run through tlio filter when washed with water or with alcohol. 
(Werther) 

In solutions of tliallic salts, the thallium may he estimated by reducing the thalhc 
to thallious salts with an alkaline sulphite, and then precipitating with lod/do of potas- 
sium (Grouhes), or, by precipitating the thallium with ammonia, as susquioxide, 
and oolleotiug the precipitate on a weighed filter. The separation of thallious from 
tlioUie salts may be effected — at least in the case of tho chlorides or sulphates, — ^by 
first precipitating the sesqnioxide with ammonia, and than throwing down tho re- 
nimniug portion of thallium from the hot dilute filtrate by loihde of potassium 
(W erther). Tho separation may also be effected by platmio chloride, which precipi- 
tates ouly tho thaUious salt 

Tho method of precipitation with iodide of potassium servos also to separate thallium 
from most other metals, the solution being first mixed with an alkaline sulphite to 
ensure the reduction of any thalhc salt that may be present to the state of thaUious 
salt If copper is present, the iodide of potassium will throw down cuprous as woU as 
thaUious iodide ; but hv treating the washed precipitate with ammonia, in contact with 
I the air, the copper will he dissolved out, aud the thaUium will remiim us thaUious 
iodide. .The separation of copper from thalliimi may also he effected, though not so 
exactly, by preeipitatmg the copper with sulphurotted hydrogen in an acid solution. 
The same method serves also to separate thaUium from lend and silver The pre- 
cipitated sulphides are apt, however, to carry down smaU quantities of thaUium- 
sulplude. 

Small quantities of thallium often occur in bismuth minorals and preparations made 
from them, especially tile oaibouate To de.tect the thallium, tho dilute solution of the 
substance is mixed with a slight excess of sodium-carbonate, and a small quantity of 
potassium-cyanide, then gently warmed aud filtered If tho hismuth-compound con- 
tained only 1 pt of thallium in 100,000, the addition of a few drops of iimmoniuiu- 
Bulphide wiU produce a dark-brown precipitate of thaUium-sulphide, which grudnally 
ooUeots together, aud may be farther examined by the spaetrosoopio method. Prom 
carbonate of bismuth, tballinm may he o.isily dissolved out by digestion with ejamde 
of potassium, less completely with carbonate of sodium. (Crookes.) 

Volumetric Estimation. — ThaUium may he estimated volumetrioally with perman^ 
ganate of potassium m the same manner as iron For tins purpose it must be in tho 
state of th.iUious chloride, or of a thaUious oxygon-salt mixed with hydrochloric acid, 
and tho solution must not contain more than 1 gramme of thallium in 600 o.c. ; the 
petmangauate-solutiou should also he more dilute than for the estimation of iron. The 
titration of the permaaganato may he made with pure iron, with'tbaUium, or with a 
thallious salt (the alum, for example); 2 at. iron (112 pts.), correspond to 1 at. 
thallium (204 pts ), inasmuch as the piotoehloride TlCl is converted by oxidation into 
the trichloride TICP, so that 1 at thallium takes up the same quantity of oxygon 
as 2 at. iron. The solution of the thaUious salt, diluted as above mentioned, is mixed 
with a few drops of hydrochloric and a few drops of sulphurous acid, and heated to 
the boiling-point to expel the latter , then left to cool, and mixed with the permanganate. 
(Willm, Zeitsohr. Oh. Pharm 1863, p, 479 ; Jahresb 1863, p. G89 ) 

4. Atomic Weight of Thallium. — Lamy, by decomposing the sulphate ivith 
nitrate of barium, and the chloride with nitrate of silver, obtained numbers varying 
between 203 5 and 204 6 , mean, 204‘2. Crookes touud, as a mean of five experi- 
ments, tho number 202 96. Werther also estimates it at somewhat lower than 204, 
namely, about 203 6 or 203‘7. The number 204 is, however, geucraUy adopted. 

TK.<4.X.X.XUni, ri.VOKII>i:s OJP. Thallium forms two fluorides, TIP and 
TIP' — Metallic thalhum is hut slowly attacked by hydrofluoric acid The carbonate, 
however, dissolves eiisily in the acid, and the solution deposits thallious fluoride, 
111 ivlute hydrated crystals derived from an oblique rhombic prism, with adamantine 
facets ; they are not altered by hght. On heating those crystals, the anhydrous 
fiuoiide. Til?, volatilisos as a white, crystalline, anhydrous mass, which blackens like 
chloride of silver on exposure to light. Thalhmn-fluoade forms an uoid solution, oven 
after repeated crystallisation. The crystallised componnd decomposes slowly on expo- 
' sure to tho air, giving off hydrofluorie acid(Pr. Kuhlmiiuu, BuU.Soe Glum. [1864], 
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I 67; Jabresb 1864, p. 253), Willm (Jahresb. 1866, p. 244), by dissolving car- 
bonata of thrtlUiim in aqueous hydrofluoric acid, and evaporating, obtaiuod thSlious 
fluoride, m hydrated, very deliquescent, Mx-sided tables, which gave oflf tlioir water at 
100°, with partial decomposition According to M. Enchner (J. pr. Chem xlvi. 
404), tballioiia fluoride separates from its solution, by slow evaporation, in colouiless 
ciibo-octahodrons, having a strong vitreous lustre. Itdissolves, with alkaline roactioii, 
in 1 26 pt. water at 16°, more easily m boiling water, sparingly in alcohol. When 
liBiitcd, it melt.s, volatilises, and solidifies again in the crystalline form. A solution 
containing excess of hydrofluoric acid deposits, by evaporation over oil of vitriol, 
hydtothidlious flmnde, HF.TIF, in crystals hanng the same form as those of thaUioiis 
fluoride This compound has an acid reaction, dissolves in an equal weight of water, 
and decomposes above 100° into hydrofluoric acid and fluoride of thaUium (Buchner). 
Kulilmanu, by treating carbonate of tliallium with silicofluoric acid, obtained a 
sdwofiuonde of thallium, fiTIF SiFb2H'0. It crystallises in cubic forms, dissolves 
easily in water, forming an acid solution, distils without decomposition, and attacks 
glass after some time only. Werther, by treating carbonate of thallium with hydro- 
fluoric noid eoutainiug a large quantity of sdicn, obtained the anliydrous silico- 
fluoride, 2Tll?.SiI'‘‘, in regular octahedrons, distorted so as to resemble hexagonal 
prisms. 

Thallio Fluoride, Til?®, is obtained, by the action of strong hydrofluoric acid on 
tliallio oxide, as a durk-groen precipitate, insoluble m water and in cold hydrochloric 
acid When heated, it tuims brown, melts, and, at a higher temperature, volatilises, 
probably as thallious fluoride. (Willm ) 

TBAXX.ltnyE, IODIDES OP, Theprofotodide, or Thallious iodtde. Til, 
is formed by direct combination of its elements, or by double decomposition It forms 
a beautiful yellow powder, rather darker than sulphur, and molting, below redness, to 
a scarlet liquid, which, as the mass cools, remains scarlet for some time after sehdifica- 
tioii, then changes to bnglit-yellow. The dried precipitate, when spread on paper with 
a little gum-water, undergoes a similar bnt opposite change to that experienced by 
mercuric iodide when heated, the yoUow surfaoo when bold over a flame suddenly 
becoming scarlet, and frequently remaining so for several days after cooling , hard 
friction with a glass rod, however, changes the scarlet colour buck to yellow (Or o okes). 
Accoiding to W orthsr, tUallions iodide precipitated from dilute solutions, is lemon- 
yellow; but when precipitated from hot concentrated solutions, it is orange-yellow at 
first, and afterwards becomos lomon-yoUow When precipitated from a W solution 
of thalhou? acetate, itretamsits orivngo-yoUow colour, and forma anhydrous microscopic 
cubes, or oubo-octahedrons, which, when heated, melt to a black liquid, and partiiUly 
sublime. Thallious iodide is very sparingly soluble in water, requirmg, according to 
Crookes, 4,463 pts of water at 17 2°, and 842-4 pts at 100°, to dissolve it, according 
to Hebborling, 1 pt of it dissolves in 11,676 pts. of water at 16° to 17°, m 884 pts. 
at 100°, and in, 18,934 pts. of 98 per cent, alcohol at 19° , according to Wevtlier, in 
20,000 pts water at 13 6°, in 10,000 pts. at 23 4°, in 5,400 pts at 45°, and 56,330 pts 
of 85 per cent alcohol at IS 5 According to Crookes, it is somewhat more soluble in 
aqueous iodide of potassium than in pure water, according to Hebborhug, on the con- 
trary, it is less soluble in saline solutions, especially in iodide of potassium, tlmu in puro 
water. 

Thallio Iodide, TU*. — By the action of iodine on thallium and ether, a brown 
solution IS formed, which gradually deposits crystals of thuUio lodido, easily soluble 
ui ether containing iodine. They arc rhombic prisms, exhibiting the combmation 
coP . cofeo . Doo . nfoo , Angle coP ooP (macr.) = 79° 46' , ®P : mPcq = 
140° 38’; P® . aPoe = 160° 36'. (Nicklis) 

Aimionio-thallw iodide, 3NH'I TU®, forms red rhombic plates, which, when heated, 
give oif water and iodine without melting (N ickUs ) * 

When 1 at thallious iodide is treated with a solution of 2 at. iodine, in alcoholic 
iodide of potassium, the liquid deposits, on evnpoiation, Uirge crystals of ‘potassio- 
ihalho wdide, HI TU®, which are blade by reflected, garnet-red by transmitted hglit, 
and yield a bright-red powder. This compound is resolved at 66° — 60°, and nioi-a 
completely at 100°, into iodide of potassium, thaUions iodide, and free iodine , it is 
also decomposed hy water. (Willm, Jahresb 1864, p 261.) 

THAXiIiXUIMC, OXIDES OP. Thallium forms two oxides— -namely, a protoxide, 
TPO, and a sesqnioxide, TPO®. It oxidises in the air almost as rapidly as an alkali- 
metal, the surface soon becoming covered -with a thin flhn of oxide, which protects the 
metal from fiu-ther oxidation The superficial tarnish consists of the protoxide con- 
taining a minute quantity of the sesquioxide. If the metal has been oxidised at 100° 
rather more sesqnioxide is formed, and at the melting-point of the metal, the protoxide 
■which forms is mii^ied with a large q-nantity of sesquioxide. Thallium, when melted. 
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behaves like load, the oxide fusing like litharge ; the fused oxide is absorbed by bono- 
asli, and a silver-thallium alloy can be cupcUedlike silvor-load. Thallium does not decom- 
pose puce u-ator, either at the common teraporature, or -ffhen boding ; but at a red heat 
the vapour of vrator is decomposed by thallium, with formation of oxide and aeparaUoii 
of hydrogen, which bums witb a green flame Alcohol appears to be decomposed by 
the metui more readily than water. 

(Respecting Schoubem’s observations on the reactions of thaUumi with ordinary 
oxygon, ozone, and hydrjc peroxide, see J. pr Chem xoni. 35 , Dud Soc Ohua. 186i, 
1. 180; Jaliresb. 180i, p 170.) 

Protoxide of Thallium, or Thallious Oxide, TPO -—This oxide may be 
prepared by allowing granulated thiJlium to oxidise in warm moist air, and then 
boding m diatdlod water. By repeating this operation two or three times, a saturated 
hot solution of the oxide is formed Upon filtering, the small quantity of carbonate 
which may have formed separates at first in white needles, whilst, upon further 
cooling, the hydrated oxide crystallises out in yellow needles. 

Anhydrous protoxide of thaUium is formed by exposing these yellow crystals in a 
vacuum over suiphuiio acid, it then forms a X’eddisli-blaek inass, lotoming the shape 
of the crystals ’Wlien heated to about the melting-point of the meUil, it melts to a 
brown limpid liquid, which, at a higher temperature, evolves reddish-brown vapours, 
partially oxidising at the sanio time to the sesquioxida On coohng, the brown liquid 
eolidifleg to an almost black crystalline mass Tho fused oxide attacks glass and 
porcslaio, removing the silica. Protoxide of thallium is decomposed by hydrogen at 
a red heat, forming water and metallic thallium The decomposition, however, is 
never perfect, hecausc the oxide melts and volatilises. 'When fused with sulphur, it 
forma sulphide of tballmm, and in aqueous solution it is reduced to the metallic state 
by zinc, or by the electric current 

Berated Oxide cjf Thallium, or Thallww Bydrata, TPO H®0 or TIHO, is prepared 
as above described, or it may be obtained, as recommended by Lamy, b^ decomposing a 
solution of the sulphate with, baryta-water, and evaporating tho alkaline solution in a 
vaomim. This method, however, is somewhat tothoua, and there is great diiBoiilty in 
getting the oxide free from baryta. The best method of obtaining perfectly pure 
tbul lions hydrate, la to add water to the oily oorapouud of oxide of thallium and alcohol 
(p 767). This at once soparates tho hydrate in the form of a bright-yollow crystalline 
mass, which may be separated from water and alcohol by oxjjosnroto warm dry air. 

Thallious bydrate forms pale-yellow, long, prismatic ciistiils, which lose water, and 
become almost black and anhydrous by exposm'e to thu toniporaturo of a water-bath 
in air, orover sulphuric acid in a vacuum attho common tcnipamtiu'e On the achlitum 
of water, the dark oxide immediately becomes hydrated and yellow ^ It has a slight 
tcudanoy to absorb oxygen, and after evaporation and re-solution, it always leaves a 
slight residue of sesquioxide. 

WiUm, by a method which he does not deseribe, once obtained thallious hydrate in 
rather large rhombic crystals, containing TIHO H-0 

Agueoui Soluim . — ^Brotoxide of thallium is a powerful base, dissolving readily in 
water, and forming a colourless strongly alkaline solution It has a slight oaour, 
similar to that of ;potaah, dissolves the skin and feels grensy, acta strongly on the 
hinv and nails, staining them a deep and very permanent brown colour, It blues 
litmus-paper, browns tnnneric-paper, bus a metallic alkaline taste, and neutr.ilises 
iictds perfectly. It ohinmates ammonia from chloride ot ammonium, and reacts with 
liydrocMotie acul, iodide of potassium, sulphide of ammonium, &c , in the clmraeter- 
istio m.anner of a thallmm-s.ilt An aqueous solution of thallious oxide has a 
grc.itcr similarity to potash than to ammonia m its roaetions with luetiUlic salts. 
IVhon added to solutions of suits of magncbuim, coruun, manganese, zinc, cadmium, 
lend, iron (ferrous or ferric), cobalt, nickel, copper, mercury, or silver, or to thallio 
salts, it precipitates the respective oxides, without rcdissolviug thorn in excess Krom 
sails of aliiniinmm and chromium it precipitates the hydrated ovides, and easily 
rodiRSolvcs them when in excess, forming with alumina a bi.lution winch is not altered 
by boiling, but is precipitated by a current of carbonic aubydrido, and with chromium 
a green solution precipitated on boiling. 

Sesquioxide of Thallium, or Thalho Oxide, Tl’C Peionde of Thallmm — 
This oxide is always formed when metallic thallium is heated, or even when a solution 
of the protoxide is evaporated in the air "When the metal w burnt in oxygen, tlm 
product IS ehiefly scsquioxido. This oxide is best prepared by adding potash, am- 
monia (or oven protoxide of thullinml to a solution of a thallio suit, and drying tlio 
wimlied precipitate at about 260“ It is also formed when a voltaic current from two 
cells of Grove’s batteries is passed vliroiigh a. solution of tballimis sulphate, pl.itiiium 
terminals being used If the solution is perfectly neutral, thallmm .slowly makes Its 
appearance at the negative pole, whilst the posnuve polo becomes coated with a flljii. 
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preBenting at first tho most brilliant eolonrs of thin plates, and gradnally increasing 
in thickness until it becomes a enke of thallic omdo As tho sulphuric acid accumulates 
in the liquid, the thallic oxide nt first formed gradually dissolves. If the solution of 
thaUious sulphate is rendered alkahne by ammonia, the thallic oxide is formed in 
lu.ger quantity, scaliug off .md. fiiUiiig to the bottom of tho bqmd. (Crookes.) 

Thallio oxide is also pirecipitated in tho anhydious state, on adding sodic hypo- 
chlorite to a solution of tliallioua chlondo in sodie c.u'honato. (Strecker.) 

Anhydrous thalbc oxide is adark-hrown powder, fusing with difficulty, and evolving 
oxygen at a rod heat, whcrotiy jt is reduced to thallious oxide. It is neutral to test- 
paper, insoluble in water apd in alkalis,, but dissolves readily in acids, forming hygro- 
niotric and iinatablo salts, from the solutions of which tho sosquioxide is completely 
precipitated by alkalis According to W e r t h o r, the sosquioxide is partially reduced 
to protoxide ill drying. 

Thallw hydrate, WOMI-0 =. Tr'HO®, is obtained by drying the precipitated sesqui- 
oxidc at 100°. It forms a brown powder, a shade lighter than tho anhydrous oxido. 
Deoxidising agents, such as sidphurous or oxalic acid, convert it into a thallioua salt ; 
partial reduction also takes place on evaporating its solution in hydrochlonc acid. 
CWorther) 

THAILZdClTin, OXVOBW-SAI.TS OB. Both the oxides of thallium dissolvo 
readily in acids, forming definite crystaUisable salts, soluble in water j there aro also 
a few insoluhlo thaUiuin-salts, which are obtained by double decomposition. The 
general characters, both of the thallious and of the thaUic salts, have been already 
desonhed (p. 719). 

o. Thedhoua Salts. 

Aoetatb, C’H*T10’. — This salt is obtained, in white aillcy needles, by dissolving 
thidhoiis carbonate m a slight excess of strong acetic acid, evaporating, fusing the 
residue, dissolnng it in water, and again evaporating. It begins to decompose at 171°, 
dissolves easily in water and m alcohol, and delvqnoscos in moist air. Brom its 
solution, the thallium is immediately and completely precipitated by sulphydrio acid 
(Crookes). It crystallises ftom ulcohol in silky needles (Kuhlmann.) 

Aesenates — Dihydi o-thallious arsenate, TlH^AsO*, is obtained by boiling thalho 
oxide with aisenious acid and water, and crystallises ftom tho concontratod solution 
in hard shining needles, unalterable at 160°. It dissolves roadily in water, and tha 
solution, oji addition of ammonia, solidifies to a magma of slouder crystals, consisting 
of tho IntWioKs aali, Tl'AsO*. (Willm.) ^ 

Bbjnz 0 AIE — Orystalhsos in pearly plates, and is not volatile. (Kuhlmann.) 

Boeatb. — ^Borie acid added to a solution of thallious carhonato, or borax added to 
the sulphate, throws down a white granular proeipiUto of thallious borato, insoluhlo 
in an excess of tha precipitant, and in cold dilute sulphuric acid . soluble in boiling 
water. 

Beomatb, TlBrO*.— Eesombles the lodate. 

Cabbonatb, IT-CO’. — ^The film of oxido wluch forms upon tha snrfaca of motaUio 
thallium, when exposed to tho air, gradually absorbs carbonic acid, and becomes con- 
verted into carbonate, which frequently appears m the form of crystalline needles. A 
saturated aqueous solution of thallious oxido absorbs carbonic acid rapidly, and 
deposits tho carbonate in crystals. ThaUious carbonate may bo prepared in quantity 
by allowing granulated thallium, slightly moistened with water, to oxidise m a worm 
atmospliere. Upon boihng out with water containing an oxcess of ammoniuni- 
carbonato, and filtering, thaUious carbonate is depositM, as the solution cools, in 
yoUowish crystals which may be rendered colonrloas by recrystalUsation. 

ThaUious carbonate crystaUises in groups of prisms, ciliibiting faces comprised in 
one zone, and apparently belonging to the trimotric system. Observed faces ooP a>, 
ooP, roP2, Anglo cop 00 • ooP = 128° 32' ; oo • ooj?2 = 147° 63' , 

oof 00 ooP2 =■ 111° 8' ; coP ; ooP = 102° 66' The crystals appear to bo 
twins with tho combinabon-faco ooP ; they cleave paraUcl to the same face (W. H. 
Miller, Proe. Eoy. Soc. xiv 666) — The crystals are brilliant, highly refractive, and 
very heavy, resembling those of a load-salt The salt is anhydrous , its taste is 
mildly caustic and somewhat metalbc, remaining on tho tongue for a considerable 
time When heated, it molts much below redness to a clear liquid, which solidifies to 
a dark-grey crystalline mass. It may be kept fused for a conadernblo time without 
decomposition or loss of weight, but, when heated to duU redness, evolves white 
vapours and bubblos of gas. Tho specific gravity of the fused salt is 7 06 (La my). 
It is not very soluble in cold water, 100 pts of w'ator dissolve 4 02 pts at 16 5°, 
11'7 pts. at 60°, and 27 21 pts. at the boiIing-point The specific gravity of a cold 
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sahirAtal Bolution la 1 0377 (Crookea). The solution hna a slightly caustic, 
luafiillic taslo and olkulmo reaction, winch is not completely removed hy supcraiitura- 
tioii with carhonie acid. (Crookes, eompmo "Wert her, Jahrosb 1864, p, 249 ) 

OniojiiLTB, TICIO®. — Prepared, by dissolving thallium in chloric acid, or hy mixing 
the saturated solutions of potnaamm-chlomte and thallious nitrate It is sparingly 
soluble in water, and crystallises in long anhydrous iieedJos. Its solution, when 
healed, turns yellow, and gives off oxygen-compounds of chlorine ; and the liquid, 
ovaporatod to a syrup, deposits small, brilhant, colourless crystals, which wa instantly 
decomposed hy water, alcohol, or ammonia, with formation of brown thallie oxide. 
(Crookos) 

Chbom ATES. — 'Slvwetitial nit, TlGrO’' oi TPO Cr'^0'’, is a piilo-yeUow precipitate, 
obtained jiy adding yellow chromate of potassium to a-neutral solution of a thallioiis 
salt, rendered slightly alkalino by ammonia. It is very sparingly soluble in water — 
The bichromate, Tl-0.2Cr*0“ = 2TlCrO= Cr-Ob is obtained as an oriingb-yellow preci- 
pitate, on adding dichromato of jiotaaaum to a neutral tbaUious salt (Crookes). 
According to Willm, it is deposited, in microscopic orimge-yeUow oiy3tal3,from a 
solution of the nontral salt in boiling dilute sulphuric ncid 

By boiling either of ’ ’ ith raoder.itely strong nitric acid, a solu- 
tion is obtained, which nabar-colouced crystals, probably consist- 
ing of the likhromaia, ' Cr*0* They afo very sp.iringly soluble 

in water, 1()0 pts of ivator di'-solving only 0-0354 pts at 15 6°, and 0-2279 pts. at 
300° (Crookes) — k sesQutchi ornate, 2Tl'-0 SCi-'^O’ or iTlOi'O’ Cr'O*, separates from 
a solution of the neutr.il salt in moderately concentrated sulphuric acid. (Willm ) 

All the chrom.\tcs of thallium .iro decomposed by strong hydrochloi'ie acid, with 
ovoluliou of chlorine, and formation of solnblo chromic and tiiallious chlorides -. on 
treating them with hydrochloric acid and alcohol, the whole of the thallium is sopar.ited 
as insoluble protoohlorido, while chromic chloride passes into the solution. Sulphate 
of sodium likewise srporatos the whole of the thalluira as protoohlonde. (Crookes.) 

Cn-BAi’B, CH'^TBOb — ^Voi-y deliquescent ; crystallises with difficulty; soluble in 
alcohol (Kuhlmann.) 

- OvASATE. — ^Proeipitalod on mixing the alcoholic solutions of potassium-oy.anata 
and thallions acetate, in small biilliant plates, very soluble in water, slightly soluble 
111 alcohol (Kuhlmann.) 

Eobmate, CHTIO^ — ^Prepared hy dissolving the carbonate in formic acid It is 
very soluble in water, nud melts, without decomposition, below 100°. (Kuhl- 
mann.) 

HTPOBtJLPHATB OP DiTHioNATB, TPS’O". — Very soluble m water, from which 
it separates in vitreous tabular crystals, probably isomorphous with the corresponding 
potassium-salt. ("W e r t h e r ) 

Hxpoetii.PHiTE.— Sodio-f/mf&OM.i hyposidphte. 3Na“S®0*,2TPS“0’, obtained by 
dissolving thalhons chloride in a boiling solution of sodio hyposulpliite, orystaUises in 
long, silky, mtei-laced nocfUcs, containing 10 at water, or from a small quantity of 
water in small grains, the quantity of orystallusation-water in which bus not been 
determine At a red heat it is resolved into sulphide and sulphate of sodium, and 
fused, brightly glowmg sulphide of thidlnim. (W erther ) 

1 00 ATE, TUO*.— Trecipitated, on mixing iodide of potassium with nitrate of thal- 
1mm, ns a white powder, slightly soluble in cold, more easily in warm w.itor (Oet- 
tinger.) 

Maiatb. — ^D eliquescent; cryabiUises with difficulty; melts below 100°. (Kuhl- 
maun ) 

Moi.vnoATE, TlMoO“, or Tl-0 Mo*0’ —Obtained by double dccompositinn with 
molybdate of sodium and nitrate of thallium, and separates in nacreous scales, which 
dissolve syinringly in pure, easily lu ammomiical watec (Oottingor, Zcitaqhr. Ch. 
Ph.ai-ni 1804, p 440 ) 


N iTr ATE, TIKO”. — Crystnlliscs from a solution of thallium in nitric acid, in dull 
white needles, which melt at 206°, with soparution of a small quantity of thallie oxide 
The salt thus purified gives no precipitate with ammonia. It has a speciilo gravity of 
6 8, IS iiisolublo in .tleoliol, hut soluble in water, Ihe saturated solution coutaiuing 9 7 
per cent of the salt at 18°, 43 7 per cent .it 58°, and 65 per cent, at 100° (Crookes). 
The crystals are triinetric, cxliiliil mg the several combinations coPa; . P; ooP . P . 
2f2; ooPco Pm .P 2f2; «P« . mP . Mp2 P 2p2, mPm . Pm . mP . 
ccp2 P 2P3. Angle mPot Pm = 141° 519’, wPm mP = 117° 3 7', Pm 
;^ rM (man- ) = 76° 16'. P P (brndi ) .= 136° 13', P P (iiiacr) = 80° 15-2', 
P : P (basal) =a 110*^ 5'. No distinct clcn^agn Tlio mdos of refraction, for the 
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brightest part of the speetmm, m the plane of the basal pnneipal section, and for tlie 
ray polarised in this plane, is about 1'817. (W, H. Miller.) 

Oxalates, C*T1“0< and C^HTIO*. — ^Already described under Oxatjo Acid (it 
266) — Cuprico-thalhons oxalate, C*Cu“TP0".2H“0, crystalliaes from a solution of 
eupriQ carbonate m acid thalhous oxidate, or from a mixed solution of cupric oxalate 
and ueutral thallious oxalate, in slender flattened needles , it is partly decomposed by 
rocrystiiUisatiQii (WiUm.) 

Phenatb, 0“H*T10 — Precipitated as a crystalline powder, on mixing a thallious 
salt with phemc acid. It is sparingly soluble in cold water, and crystallises from hot 
water in beautiful slender needles, melts without decomposition (F Kuhlmann, 
Jun.Bull. Soo Chini [1864], i 830) — pJimi/lsiil^Jumate, on xidpkamlate, la Aeh- 
queseoat, slightly soluble in alcohol, insolnblo in other, and crystathees Tory easily 
imw a mixture of water, alcohol, and ether 

Phosphates (Lamy, Ann, Ch. Phys [4], t. 410) — The phosphates of thalliivm 
form a series neaily as complete ns those of the alkali-metals, which they also resem- 
ble m their behaTiour when heated. They are all colourless, nearly all easily soluble 
111 water, and insoluble m aleohoL Tbeir concentrated aqueous solutions yield, with 
nitric acid, a precipitate of thallious nitrate, and with caustic alkalis (but not with 
alkaline oarhouates, or eyeu with caustic alkalis in presence of carbonates), a precipi- 
tate of sparingly soluble teithalliona orthophosphate. 

Metaphos2>liata,TlI‘0’‘. — This salt exists in two different modifleations. The 
first remains on igniting monothiillious ortliophosphato, (TlH“rO‘), ns a Titreous 
opaline mass, Tery slightly soluble in water ; its solution does not precipitate albumin 
directly, but only after addition of ovthophoapborio acid. The second modification is 
obtained by igniting ammonio-thallions oithophospbato, as an easily soluble glass, 
wliuso solution is strongly acid, yields no crystals, but precipitates albumin imme- 
diately. It IS also produced by fusing the insoluble modification with a few drops of 
orthophosphorio aoid. 

Orthophosphates. — Hha monofhallms salt, TIH^PO*, is formed on mixing the 
dithaUious salt with a quantity of phosphoric acid sufficient to giro it an acid reaetiou. 
It crystallises from a solution concentrated by evaporation, in nacreous lamiiim, casil.y 
soluble in water, insoluble in alcohol. It melts without alteration at 190°, and is 
converted, at a atcouger heat, fi.rst into acid pyrophosphate, then, at a rod heat, into 
metaphosphate * 

The dithallious salt, Tl^HPO®, is produced by neutralising dilute pliosphorio aoid, at 
the boiling heat, wutli oiu-honato of thallium The solution ovapoiatcd to a syrup 
first deposits crystals of the anhydrous salt, then other crystals containing 2T1HP0‘ 
H®0 . — a This hydrate, on account of its easy solubility, is difficult to obtain m well- 
defined crystals. It melts at 146°, without loss of weight, gives off its crystalhs.i.tiuu- 
wator with tumefaction at 170° (bocoming also less solnblo), and is converted, at .v 
dull rod heat, into vitreous pyrophosphate — 13. The anhydrous salt, TWIPO', is 
easily soluble in the warm concentrated motlier-liquor, hut very sparingly in purs 
water, apparently suffenug partial decomposition at the same time into monothallidu.s 
and trithivllious orthophosphate 

The inthaUious or normal salt, TPPO', first obtained by Orookes, is formed as a 
crystallino precipitate having a silky lustre, on mixing tbe 3.itur.itod solutions of 
oidmary disodie phospliate and tlmllious sulphate (probaidy together with doublo 
phosphates of sodium and tlulhum, inasmuch as the liquid, after precipibitioii, exhibits 
au alkaline reaction) ; also, together witlv ammomo-thalhous phoapliate, on treating 
the mono- or dl-thalhons salt with excess of ammonia By fusing 1 at thallious mota- 
phosphato with 2 at thallions carbonate, ns long as gas contnuies to escape, and 
pouring out the mass before it is quite solidified, trithalbnus orthophosphate is ob- 
tained, in needle-shaped crystals, one or two centimetres long It melts, iit a red heat, 
to a yellowish-rod liquid, which solidifies at 10° to a white crystalline mass, of specific 
grimty 6 89. It is but sparingly dissolved by water, even at the boiling heat ’ 
According to Crookes, 100 pts. wator dissolve 0 497 pt. of it at 16-6°, and O' 07 12 pt. 
at 100° 

Ammonio-thallmts orthophosphate cryslallises from the mother-liqnor of the trithal- 
lioiis salt lu l.u'go transparent pnsms IVlien ignited it Iqavcs thallious motaphosphulc. 

I‘tl"ophospliates.— 1hedithidlious or acid salt, TBffP'O', produced by carefully 
heating monothalhous orthophosphate, is extremely soluble in waAer, and crystallit.es 
from the acid solution in short prisms. — The teti aihalhms or nnilral salt, TIT-^O’, 
remains, on strongly heating hydrated dithallious orthophosphate (a), as a vitreous 
ma.ss very .soluble in w.itor, and crystallises from tiio sointion evaporated to a syrup, in 
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confused ueodlas, which are deeomposod by water, with aoparation of a whito precipi- 


evaporation, largo prisms which are likewise docomposed by pure water. (L am y ) 

PiORATB, C*II'TI(N0*)*0.— Soluble in water, nearly insoluble in alcohol , crystal- 
hsea, like the potassinm-salt, in yellow needles, which hare a silky lustre, and deto- 
nate strongly when heated.— The picramata, C“HT1(NH=)(N0’)^0, is a blaok-rad 
crystalline precipitate, nearly insoluble in alcohol, and separating from boiling water 
ni small regular crystals. (F. Kuhlmann, Jun.) 

EAOBitATii or PAnArABTHATB, C‘H>T1’0®. — ^Veiy soluble in water; forms 
groups of crystals apparently belonging to the dimotric system. (Kuhlmann.) 

SatENArES and SEnnNiTBS. — 8oe pp. 229, 231. 

BunPHATES.— Seep. 614. 

Tabtbatds — S ee p. 680. 

Tusostath. — ‘W hite powder, sparingly soluble in water ; obtained like the molyb- 
date. (Oottinger.) 

Keate — O btained by double decomposition ; almost insolublo in water (Kuhl- 

■Valbeaib, C'H'TIO, — ^Veiy soluhlo in water and in alcohol; roaeiables the 
acetate, (Kuhlmann.) 

$. TJuMw Sdts. 


AOETATn, T1’0».0<H''0*.3H»0, or Tr(0«HW)».2TrH*0“.|H®0.— Ciystanisos by 
spontaneous oraporation of a solution of tballio oxide in strong ncetio acid prepared 
at the boding heat, in colourless plates belonging to the rhombic system (sometimes 
accompanied by small prismatic crystals, probably of thalhous acetate). These 
crystals, when exposed to the air, quickly turn brown on the surface ; and arc decom- 
posed more qnickly, at a gentlo heat, into acetic acid and thallio oxide, the decomposi- 
tion being nearly complete at 100'’. The salt is also immediately resolvod into its 
constituents by water (Willm.) 

Aesenatb, Tr'A60'.2]I’0.— Obtained, like the phosphate, ns a lemon-yellow 
gelatinous precipitate, soluble in bydrocblorio acid. Ammonia added to the solution 
throws down, first a bulky crystalline salt, which appears to diff* from the prooeding 
by its amount of crystallisation-wnter ; on further addition, a yellow dithallio salt, and 
finally a brown precipitate. (W illm.) 

Nitbatd, Tr'(NO“)*, separates from a ooneontratocl solution, in colourless well- 
defined crystals containing 3 at water (Strockor), 4 at. CWillm). The salt 
doaomposes at 100°, with separation of brown thallic oxide. 

OxAPATB, Cifl'O'*.— Obtained (mixed with thallious salt) as a white crystallmo 
powder, nearly insoluble in water, by heating thallio oxide with aqueous oxalic acid 
or by precipitating a solution of a thallio salt with oxalic acid, (W lUm.) 

jlnmonio-thallw oxalcde, C'T1'"(NH'')0“.SH’0, Is formed, on mixing thaUic sulphate 
with ammoninm-oxalata, as a white precipitate, quite insoluble in cold water, and 
conTerted, by boiling with water, into IhaUious salt, with erolution of carbonic anby- 
drido; when ignited it leaves fused metal. (Strockor.) 

pHosriiATB, T}’"]?0*.2H’0. Separates, on diluting the solutaon of the nitrate mixed 
with phosphoric acid, “as a gelatinous precipitate, having a oryataUiua aspect.” It is 
insolublo in water, but diasolvos in etroug nitric and ddufce hydrooUorio acid. 
Ammonia added to the latter solution throws down a green basic salt, TTO’,2Tl''TO'. 
6H»0 ; afterwards brown tballio oxide. 

SuLPHATB, aheady described (p. 614). 


'THAXI.Iirsvr, PBOSS>axns or. Phoapboretted hydrogen passed through 
an ammoniacnl solution of thiiUions snlphato, precipitates phosphide of thallium, as a 
black insoluble powder permimcnt in the air at ordinary temperatures. 

THAUMWOT, ■aaSM-lDH OF. Tl’So.— Obtained as a gravish-black mass, by 
fusing the two elements together in ei^pivaleiit proportions (Lamy). By passing selenhy- 
dric luud gas into a solution of thallious carbonate, the same compound is precipitated 
in grey sliiiniig humniB, which turn black on drying. It melts at 340°, and gives off 
selonhydric acid when treated with sulphuric or hydrochloric acid (Kuhlmann, 
JidiTosb. ’1364, p 263.) 


rBAXiAXUnC, STtXirxiimi or. TffS. — ^Thia compound is precipitated from 
all thalhous salts by sulphide of ammonium, and from the acetate, carbonate, or 
axa-ato by bulphydnc acid (incompletely also from the nitrate, sulphate, ox chloride), 
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ill donaa flocks of a groyiah or biownish-black colour. The precipitate oxidises iu 
the sir, and imist therefore ba -washed -with water oontommg sulphydnc acid It 
dissolves easily in dilute sulphuric or nitric acid, but is insoluble lu sulphide of aiii- 
monium and cyanide of potassium. A cold (not too dilute) solution of thallimis 
Bulpliate acidulated with a trace of sulphmio acid, yields, mth sulphydricacid, shining 
black-blue laminm of pure thallium-sulphide, appearing under the microscope to ba 
made up of tetrahedrons, and more permanent than the amorphous snlphido 
(Hobberling). Thallie salts appear to be reduced to thallious sulphide by boiling 
with sulphide of ammonium. Sidphata of thallium projected into fused cyanide of 
iintessinm, is reduced to aulphide, which then forms a brittle metallic-looking mass, 
h.miig the lustre of plumbago, and fusing more readily than niotallio thaUiuni. 

TSAXiXiXTnM'BSilVZAlUCIIlIl. C’H'TINO.— Benzamido dissolves freely m 
a hot aqueous solution of tliaUioue oxide, the excess crystallising out on cooling ; and 
on adding a large excess of absolute alcohol to the filtrate, thalliiim-benzaniide sepa- 
rates iu fine needles, soluble, with alkaline reaction, both in hot and m cold water It 
molts without decomposition. When moderately heated, it becomes dark at a higher 
temperature, and evolves white inflammable vapours, brnming with a smoky greenislr 
flame, and decomposes completely at a red boat, leaving fused oxide of thallium 
Hydrochloric acid added to the aqueous solution, throws down protochlonde of 
thallium, togethei with bonzamido. (Church and Crookes, Cheni. Soc. J, xvii. 
161.) 

TBAIiBinni-BTBEas. ThdUimn-alooliok. (Lamy, Compt. rend. Iv 28G, 
Ann Oh. Phys [4], lii. 373 ; Jahresb 1804, p. 463 )— Compo-unds formed by the 
action of thallium upon alcohols, analogous to those produced in like manner by the 
nlkaU-motals. 

Thalhum-amylate, CWTIO, la produced, though slowly, by the action of 
thallium on amylio alcohol ; more readily by beating eqmvalent quantities of lliallinui- 
ethylate and amylio alcohol to 140“ — 160“, whereupon ethylic alcohol pusses ovor first, 
then the excess of amylic alcohol, leaving the thallium-amyluto lu the form of a 
heavy oil, smelling like amyhc alcohol, iindhanng a spociflo gi’avity of 2 466 to 2 518. 
Its index of refraction for the lino B is 1 672 at 20°. It does not solidify at 20° ; 
dissolves easily in amyho, less easily in oihylia alcohol , with chloroform and ether, ik 
boliavos like tlio ethyl-compound itnfra). When heated, it flint gives oflf liydiogeii, 
then auiylio alcohol, and leaves a mixture of metallic thallium with thallious curbonata 
and valorato. It also dsoomposes, but less quickly, in contact with sir or water. It 
burns with a white, moderately luminous flame. 

ThallUim-ethylatc, H'H'TIO.— Produced, with evolution of hydrogen, when 
thallium and ethylic alcohol are heated together to 100° iii a sealed tube (Church) 
Lamy prepares it by suspending thin plates of thallium -within an oxliausted bell-jar, 
ovor a shallow dish containing absolute aloobol, and passing pure oxygen-gas (free 
from -water and carbonic anhydride) into the jar. At 20° — 26°, the thallium is con- 
verted, within 24 hours, with simultanoons formation of water, into ethylate of lluh- 
lium, which ooUeots in the dish, After being freed ftxim excess of alcohol, by heating 
to 100°, It remains as an oil of spociflo gravity 8 480— 3-663, being, next to mercury, 
the heaviest liquid linown. Its expansion-coeffleiont, between 0° and 100°, is 0 072. 
At — 3° it solidifies, -with considerublo contraction of volume. By prolonged heating, 
or by keeping in a vacuum, it suffers partial decomposition, becoming brown, increasing 
in density to 3 085, and requiring a greater degree of cold to solidify it In rofrae- 
tive and disperaivo power, it oxcoods aU other liquids, us shown by the following 
numbers (determined for a tempexatnro of 20°) ; — 

Roftnctlye power Dispersive 

, - — ■ — *■ — — — 1 power. 

, Lliir B Lino D Lina B. 

ThaUium-ethylato, speeiflo gravity 3 650 1 0616 1-6676 1-7169 0-0976 

„ „ ,. „ 3-612 1-6725 1 7170 1-7678 0-0968 

Oarbouio disulphide . . . . 1-6140 1-6330 1 8936 0-0795 

Thallium-othylate dissolves in about 6 pts. of absolute alcohol ; if the alcohol is not 
quite anhydrous, white thaUions hydrate is deposited. With pure ether free fi-oni air, 
It forms a clear solution , witJi other containing water, the liquid soon becomes 
yellowish or brown, and deposits rndio-crystaUino thaBious hydi-ate, which gradually 
turns brown. This reaction is so delicate, that it may be used as a teat for the purity 
of ether. ThaUium-elhylate likewise dissolves freely in ohloroform , but the soliilioii 
soon becomes tiu-bid, and deposits crystallised protocliloride of thallium, togelhor with 
a substance which colours the latter dark-rod, and is very sensitho to light, the 
liquid, which has become strongly ucid, contains a salt of fonmc acid. 
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Thallium-etliylate, -when heated, gives off hydrogen slightly at 130°, regularly 
between 170° and 180°, aleoliol distilling over at the same time, thaUram being de- 
posited m shilling lamiuae, and a strongly alkaline residue being left coiitaming tlial- 
hons carbonate and anctute. Above 200°, carbonic oxide and carbonic dioxide are 
given, off, together with small quantities of acetone and acetic acid. Thaliiiim-ethylato 
decomposes when exposed to the axr, and stdl more quickly in contact with water, 
yielding alcohol and thallions hydrate. On keeping it (best under a layer of absolute 
alcohol), the sides of the vessel become gradually coated with black thallions oxide. 
■When set on fire by the flame of a candle, it hivcnB with a green, slightly luminous 
flame, leaving block thallic oxide and metallic thalliiun. — Potassium and sodium 
slowly separate metallic thaUiuni from it, but it is not decomposed by iron, zinc, load, 
or even by the electric current.— AVith svlphuno or liydrocUone acid, it yields alcohol 
and a tliallious salt; dry carhonio dioxide unites directly with it, forming a white solid 
body, which is resolved by heat into metallic thallium and empyrenmatie products. 
"When thalhum-ethylate is suddenly mixed with carbonic disulphide, a violent action 
takes plaee, resulting in the formation of a black sulphur-compound; but if tho tlial- 
liuiii-othylate be slowly dropt into tho carhonio disulphide, a bulky, yellowish, gelati- 
nous mass is formed. (Lamy.) 

Thai! iitm-methi/late, CH’TIO, is formed, in small quantity only, by tho process 
which yields tho ethyl-compound, but it is very easily obtained by Seating ethylate or 
amylate of thallium with excess of methylio alcohol Considerable rise of temperature 
then takes place, and methylate of thallium separates as a white solid siibstanco, 
which, by fusion and cooling under the liquid, may he crystallised in thick oblique 
prisms When qiuekly pressed between filter-paper, and dried in a vacuum m contact 
with a few lumps of sodium, it forms a white solid mass, alterable in contact with tlio 
air, about five times as heavy as water, slightly soluble in methylio alcohol and in ether, 
somewhat more soluble in chloroform Wlien heated, it gives off a large quantity of 
oarbomo oxide, togetlier with hydrogen and metbybo alcohol ; and when set on fh'e, it 
burns with a flame strongly tinged with green. 

On thallmm-phenylate, see p 766 , on the compounds of fhaUiaus chloride and bromide 
with ethers, pp 7i7, 748. 

THAXZiZUia-QIiASS. By substituting thallium for lead, pr for potassium, in 
tho preparation of flint-glass, glasses are obtaioed of great density and refracting power 
By fusing together 300 pts of sand, 200 of minium, and 333 carbonate of thallium, a 
perfectly homogeneous glass was obtained, having an agyeoable yellow tint, and very 
brilbant. Its density was 4-233, aud its index of refraction (for tho yellow ray) 171; 
it 18 therefoTO denser and more refractive Uian any glass hitherto known By [dteimg 
the proportions of thallium, glasses have beeu obtained, varying in density from 4-235 
to 6-025, and having indices of refi-aotion ranging from 1 71 to 1 965, (Lamy, Bull. 
Soc Cbm. [1806], i. 164 ) 

TBAIiltZVia-TftXAIWZirE. N*Tr"H“.— TbaUio oxide dissolves in aal-ammo- 
jiiao at the boding heat, and the cold coneentnated solution yields with ammonia a 
heavy white precipitate, consisting of TICRSKH’, or probably hydrooUoraie of ihal- 
liim-triamine, N*T1'"H‘.3IIC1 It is decomposed by water, yielding thallic oxide and 
sal-ammoniac : 

2(T10P.3NH») + 33^*0 = TPO» -f 617H<C1. 

Wlien heated in a sealed tuba, it is resolved into ammonia, an ammoninm-solt, and a 
cldoride of thaUinm, probably TPCl* Its solution in hydrochloric acid yields cubic 
or octahedral crystaJs of the double salt, SNffCl.TlCl®. (Willm, Jahresb. 1863, 
p 261 , 1864, p 261.) 

37BA££OCKIiOREl> A name applied by Knop and Sehnedermann (Ann. 
Ch Pliarra. Ivi 147, 164) to tho green colouring-matter of lichens, wMch they regard 
as different from ordinary chloroj^yll. 

THAKAIffUITH. Syn. with Bitteb Span (i. 600). 

THBBAIWB. C'”H?'HO“. ParamorpMne (Belietior, J Pharm xxi 669- 
Oouerbc,Ann Ch Phys [2], lix. 186 — a no, Ann Ch Pharm xix. 9. — ^Ander- 
son, iJnd, Ixxxvi. 179 ) — An organic haso existing in opium. It was diacoverod in 
1835 by Pelletier, who obtained it by treating the extract of opium with nulk of limo 
in excess, washing tho calcareous precipitate -with water, and oxliausting it, after 
drying, with hoibug alcohol. The idcoholic solution leaves on evaporation a residue, 
from which thohamo may bo dissolved out by other 

Audorson obtains tliebaine from tho mothcr-bqiiors of the preparation of niu-cotine. 
Tlio alcoholic liquor from which tho first strongly-coloured crystals of narcotine have 
been deposited, yields by evaporation, an aniorpboiis residiio consisting of a largo 
quantity of rosin, a little narcotine, and nil the tliebamo contained in tho opium Tbs 
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residue is treated -with boiling dilute acetic acid, -wliicli dissoDos the alkaloids, together 
with a small quantity of resin , and on lidding basic dcetalo of lead to this solution, iii 
sufficient quantity to render it distinctly alkaline, all the narcotino and resm are pie- 
eipitated, while the thohaino romiiins in solution. Tho bquid is flltorod , the oxrcss 
ot load removed by sulphuric acid , tho thebaino contained in tlio flltorod liquid is 
precipitated by ammonia , tliis precipitate, after being washed, is dissolved in boding 
alcohol, and the solution is treated with aniinnl charcoal It then, on cooling, deposits 
tliobamo in shining scidos, whieb may bo purified by recrystallisation. 

Theboine crystaUlsos from solution in alcohol or otlier, in square scales having a 
silvery lustre Its histo is acrid and styptic rather than bitter It is oxtveiuoly 
poisonous , Magendio found tliat 6 contigvauimea of it injected into the jhigular vein of 
a dog produced tetanic convulsions, quickly followed by death, Thebaino is insoliiblo 
in water, very soluble in alcohol and other, especially when warm, insoluble in aqueous 
potash and ammonia , it dissolves r.ipidly m acids It contains, according to tho mean 
of closely-agreeing analyses hy Kaao and Anderson, 73-10 pier cent carbon, 6 SO 
hydrogen, and, according to Anderson, 4 43 per cent, nitrogen Tho formula 
C'°H“NO’, requires 73 31 per cent, carbon, 6 75 hydrogen, 4-60 nitrogen, and 15 41 

“Same melts at 12 5“, and decomposes at higher toraporatures It is colouvc-cl 
deep rad by strong acirf According to Dragonclorff (Jahreab 1861, pi 

728), bulpliiiric acid, whctlier iiiiro or containing nitric acid, colours it deep red to 
orange, gradually changing to olivo-gveeu at 160°. Sulphuric acid of specific gravity 
1 3 disaolvoa it in tho cold , but the solution, whm gently booted, depoMts a losiiiuus 
substanoo, which dissolves slowly on boiling with water, and is deposited on cooling in 
nucrosemno, slightly soluble crystals, apparently a product of decomposition (Andor- 
Boii) — Oonoentrnted iwtnc aetd acts strongly on thebaino, ovoii m toe cold, giving off 
red vapours, and forming a solution, which, when mixed with piotaali, becomes derk- 
colourod and gives off a volatile alkaln — Thohaino also dissolves easily in hydiochlono 
acul , the solution becomes dork-coloured when evaporated, and leaves a rosinous 
rosicluo no longer quite soluble in water. — Chlormo and bromine act strongly on tho- 
biuuo, terming resinous nroducta. 

Tliebaine-salts do not crystalhso from aqueous solution. 

The hydioohlorate, 0’“H”N0® HOl.H-0, is obtained ly mixing tliobaino with a 
small quantity of strong alcohol, and adding alcoholic hydroehlorie acid till oomplolu 
solution IS effected, ovoidmg an excess of acid, it then separates on standing in 
rhonibio crystals. It is very soluble in water, the solution rosinisiiig on evaporation ; 
slightly soluble m alcohol, and insoluble lu ether — The okluroaurate is an orange-rod 
precipitate, which melts to a resinous mass at 100° — The eJtloromercui ate is a white 
erystallino precipitate, obtained with hydroohlor.ato of thehaiiio and mereario chloride. 
With free thebaine a bulky precipitate is obtained, which, as well as tho crystalline 
precipitate, is of variable composition — The chloioplatinate, 2(G‘“II''"NO* HOI) PtOP 
2H^O, is precipitated on adding platmic chloride to hydrochlorate of thebaino. It is 
slightly soluble m boiling water, tbo solution depositing a salt, which appears to be a 
product of decomposition. 

Tho iulphate is obtamed by adding sulphuric acid to an etlierdal solution of tho- 
baine, partly in the erystaibno state, partly os a resm, which hecomos crystalline on 
standing. 

THBBOI^ACTIC ACID. This name is applied, hy T. and H Smith, to an acid, 
isomeric or identical with lactic acid, diseoveied by them m the mother-liquors of 
morphine To prepare it, tho mother-liquor of morphia, after having been freed from 
all organic bases by precipitation with an alkah, is digested with oxido ot lead ; the 
evaporated liquid is mixed with a large quantity of alcohol and sulphuric acid, and tho 
solution filtered from tho precipitated sulphates, and saturated with milk of limo, la 
evaporated to a syrup , this, after some tmie, solidifies to a erystaibno mass of calcic 
thebolactate Turkey opium yields about 2 pei cent of this salt. 

Tbobolactie acid appears, from an analysis of the silver-salt by Dr. Stonhous o, to- 
b.iTG exactly the same percentage composition as lactic acid , but (according to T and 
H Smith) its copper- and morphine-salts differ in erystaUino charactor fi-om the 
corresponding lactates, and the behaviour of ferric thebolactate with ammonia la different 
from diat of ferric lactate. (Dhorni. J Trans. [2], vu. 50 , also private communication 
from Messrs. T, and H. Smi th )’ 

TBBXN-D. Syn. intli CAi-r-iiiNB (i 707).— According to Attflold (Pliurm. J. 
Trans [2] vi. 457), tho nuts of the kola-troo {Cola acmianaia), which in tho fresh 
state .ivo used in tho westej-n part of Cciil ral Afric.i as food and modicinr', coiitiUn- 
tlii'ino, llin dried nuts yielding .iboiit 2 poi cent 

TKElOTHKBBlIEr, Syn with B inuam (i 500). 
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THEITARDITB. Native anhydrous sulphate of sodium. (See SffiLPiiATns 
p. 610 ) 

THBITARS’S SiLITE. A blue Colour prepared by igniting a mixture of cobalt 
phosphate or arsenate and alumina. (See Phosphatbs, iv. 600 ) 

XHBOBBOMA. Seo Cacao (i. 700).— The ash of several parts of the cacao- 
tree, from tha plantations of Manado, in Celobes, has bean exammed by Boat van 
Ton nin gen (Edp. Chim. app. ii. 261), with tho following results ; 



Barit. 

Leave.. 

Prutt. 

Seed. 

Ash per cent, of the dried substance (? at 100°) 
Composition of the ash . 

Silica , 

Sulphuric anhydride 

Chlorine . . . . . 

Phosphoric anhydride . ' , 

Magnesia . 

Carbonate of calcium 

Carbonate of sodivan 

12-86 

14-68 

13-34 

3 87 

34-60 

4 86 
0-63 
23 01 
11 66 

4 56 
19 63 

42 66 
10-22 
0-25 

5 21 
14-38 
6-19 
20-13 

*3^60 

0-80 

7- 14 
3-76 

8 21 

69-70 

8- 66 

0- 99 

4 30 

9 46 

S8-18 

1- 94 

44-44 

7-83 


98 83 

99-03 

96-27 

9818 


XBEOBRonziN’E. C’HWO’. CWoskrosonsky, Ann. Oil. Pharm. [1841], 
xii 126. — Q-lasson, tUd. Ixi. 336 — Kelloi, ibid.xm. 71. — Eoohloder, ibid, xxi, 
9 ; Ixxxix. 124— Strecker, ibid cxviii 151 )— An organic base existing in cacao- 
beans. To prepare it, tbo beans are treated wiUi water for some time at the heat of the 
water-bath , the solution is stivunod through linen, and carefully prooipitated by neu- 
tral acetate of lead ; tho precipitate, which is abundant, ia^aeparatacl by filtration , 
and tho filtered liqnid is freed from excess of load by sul^uietted hydrogen Tlie 
filtrate then yields by evaporation a brown residue, which is boiled with uloohol, and 
filtered at the boiling hc.at , tho liquid, on coohng, deposits a roddish-white crystalline 
powder, which is obtained colourless by repeated crystallisation CWoskresousky, 
(Jlasson). Keller heiita tho theobromine, obtained as above, hotwoon two watch- 
glasses, whereby a small quantity of charcoal is separated, and a dazzhng white sub- 
limate formed. 

Properties . — Theobromine is a colourless crystalline powder, composed of miorosco- 
pic trimotrio crystals, exhibiting tbo combination qciP2 P, and an-angod in club- 
shaped CToupa (Kellor). It tastes very hitter, but tho flavour is very slowly 
developed. Sublunos, witliout decomposition, between 290° and 296°. Its composition 
is shown by the following analyses • — 


O’ . 
W . 

N’ . 
O’ . 
O’H’N'O* 


. 84 40 67 

. 8 4-44 

. 66 3M1 

• J? 17-78 

, 180 100 00 


osKresensKy. Ginason. 
46 33 17 13 

4 55 4 60 

36-38 81-27 

18 74 17-00 

100 00 100-00 


Theobromine is sparingly solnblo in 7ioi water, still loss soluble in aieohol and in 
ether. Tho aqueous solution forms, with mereartc chloride, a white crystalline precipi- 
t.ite, slightly .soluble in water and m alcohol (Woskreaensky) 

Decompositions. — 1. Theobromine heated with pciovide of Imd and dilute sulplmno 
acid, gives off carbonic anhydride, tho decomposition, when once begun, going on with- 
out further application of heat , and if the right quantity of peroxide of load he added, 
and tho heating not too long-coiithmed, there is obtaineil, after separating tho bulphato 
of le.-id by filtration, a transparent colourless liquid, which gives off ammonia wlioii 
tmvted with potash, sepiirates sulphur from eulphurettod hydrogen, colours the skin 
piii'plo-red, and immediately turns blue when treated with magnesia An excess of 
magnesia destroys this colour, which may, however, bo restored by cautious addition of 
siilphimc acid. Tho liqmd, mixed with excess of magnesia, becomes reddisli, and givc.s 
off ammonia during evaporabou to drjnoss; boiling .ilcoliol extracts from thu residue 
a body which crystallises from tho solution lu rhombic pnsras, is snliiblo ni alcuboi, 
has an acid reaction, and does not precipitate elilorido of mercury, nitrate of silvoi’, or 
tetrachloride of platiiram. (U-lu.ssan) 
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3 It disaoWes in toiling haryta-vtaler without evolution of annnonia , tho solution, 
on cooling, solidiflea to a white jolly. 

3 With chhnno, lu presenea of water, it forms amalie acid and hydrochlorato of 
motliylamino (Roohleder and Hlasiwetz, Wien. Akad. Bor. 1850, i. 266) — 

4, Heated withywteA. it gives off motliylamino. 

6. Tho sUvor-oompoimd of theobromine, heated to 100° with iodMe of methyl, yields 
silver-iodide and oaffome : 

G’H’AgN'O’ + CH»I = Agl + 

Honco eaffema may bo regarded as methylated theohromine. (Strookor.) _ 

Argentic Thoohrommo, C’H'AgN'O®.— When theobromiiie is dissolved in 
ammonia (in which it dissolves much more easily than in water), and nitrate of silver is 
added, a gelatinous precipitate is obtained, which issolvos easily in worm ammonia. 
On boiling the solution for some time, ammonia escapes, and a eoloiu-less granular pre- 
cipitate of argentio theohromine is formed, whidi is nearly insoluble in water. The 
precipitate contains water, which is given off slowly over oil of vitriol, or at 100°, more 
quicldy at 120° — 130°. Tha residuo may he heated to 160° without alteration, at a 
higher temperature it does not melt, hut decomposes, and gives off vapours, which con- 
dense to unaltered theobromine. (Strocker) 

Thoobromino Salts, — Tboobromino is a weak base, but nevertheless forms 
salts which crystallise well, though they are somewhat uustuhlo, tho neutral salts being 
docoraposod by water, and converted into ba?ic salts. 

ByirocUoraU, C’H'N'O’.HOh — Thoobromino dissolves readily in concentrated 
hydrochloric acid , and as tho warm solution cools, tlio salt separates in crystals, 
winch may he dried over oil of vitriol and caustic potash. It gives off all its hydro- 
olilunc acid at 100°, and doconiposes with water, forming a basic salt (Glassoii) 

— Tha chUi nplatinaie, 2(C’II®N^O'‘irCl).rtC]' 41I''0, separates fiom a mixture of tho 
hydrochlorato and platinie chloride, in monochnic prisms, oxliibiting the faces <»P 
and oP. It IS efflorescent, |;ivo3 off its water of crystallisation at 100°, decomposes at 
ii stronger boat, and, when ignited iii tha air, leaves pure platinum 

The nitrate, O'HWO-'HNO*, separates from a solutiou of theohMinine in warm 
nitric acid, on cooling, in monoelmie prisms, which give off their acid at 100°, and are 
easily decomposed by water 

The argmite mtiaie, C’HWO^AgNO*, separ.itos from a very dilute solution of 
nitrate of theobromine mixed wiUi nitrate of silver, in shining silvor-whito needles, 
very sparingly soluble in water. It does not nndorgo any perceptible loss at 100°, 
but at a higher tempemture, it melts and gives off nitrons ucid, and on ignition leaves 
niotallio silver. 

THBRKOBABOniETBB. This name was applu-d hj Bcllani to a syplion-baro- 
motor having its two wide legs muted by anai-row tiibo, so that it could bo used either 
111 its ordinary position as a barometer, or in tho rovursed position as a thormoinetcr, 
the wide sealed leg of the barometer then serving as the bulb of the thorniomotor 
Thts same name is sometimes applied to a thermometer which indicates tho atmo- 
spheric pressure by tho hoiling-point of water, 

THBBA10«aiBCTBZCZr7. Sco ELECIRtOlTS (ll 412). 

THBBiaoMETEB {0ep^6s, hot , gl-rpov, nioasuro) —The thermometer moasuros 
the temperature, or degree of hotness, of a body ; it thus determines one dimension, so to 
speak, of the quantity of heat within tho body — the speei6c heat and the weight of tha 
body being the other dimensions. The measurement is founded on tho law, that per- 
fect gases tend to expand with equal increments of volume for equal ineiomonts of 
lieiit Meromy, being compared with gases, is found to follow nearly the sumo law at 
ordinary teuiporatm'es. It IS hkewise almost perfectly adapted for tUormomotric pur- 
poses, fiom its wide range of liquidity (390° 0 ), its low specific heat, its high conducting 
jiower, audits uniform punty. 

As the theimomuter is the most important and indispensable of all instruments in 
iiiostplijsieiil rcso.irohes, too much attention cannot ho paid to attaining perfection in 

Thermometer Tube. — ^lu making a moreurial thermometer, a capillary glas.s- 
tubo, iiBunlly of fiat or ellipticid bore, is first to be selecLod, as free as possible from .ill 
visible defects. It must bo of almost perfectly uniform boro tliroughout. Tliat it is 
so is to bo ascertained by introducing enough mereiuy to fill about one inch of tho tube, 
and observing if tho length of this morciiriul column remains almost unchanged us the 
iiiorciiry is forced tliroiigh Uio tube. If tho tiibq ho not piorfcctly eloan iiiti nially, ni trie 
acid or oilier solvents may ho introduced, tho interior of llio tii ho being nftorwuids 
thoroughly washed with distilled water, .iiid dried ly drawing air through it when 
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A bulb IS now to be formed by aoalmg and boftonmg tho tube at one end, in tbo 
lilon-pipe-flame, ond then fun'in;; dry air in by means of a small elastic bottle fixed to- 
the open end, and comprested by tho flngeis Much alcill, of coiu-se, is required in this 
operation, and the ultimate character of the instinmout will vary with oTory particular 
manlier of heating the glass. 

Tlic foiin of the bulb, too, is a matter for much consideration. Its capacity must 
h.wo such a ratio to the capacity of the txibo, that tho degrees may be long enough to 
read with tho required preeiwon, and not much longer Tims, thermometers intended 
of a degree (Fahr.), should have degrees not less than ^ inch in length 



Fig 81)4. 


Ftg. 805 


shown The ordinary shape of tho 
bulb is spherical (Jig 799), and this is 
the best suited to tear tho pressure 
of the atmosphere without ahiinking 
But an elongated hidb, either pear- 
shaped (Jigs 800 and 801), or tubu- 
lar (fm 802 and 803), exposes a 
raucb birger surface fur tho conduc- 
tion of heat, in proportion to its 
capacity, and is therefore favourablo 
to seusitironess. A bulb, too, of no 
greater diameter than the tube, is 
less liable to bo broken, and, for 
chemical purposes especially, is coiiTenieiit and neat. The thickness of the glass is an 
important point , if too thin, it may yield to tho atmospheric pressure, so as to raise 
tho zero of tlie instruinoni , it too thick, tho instrument will bo iiisensitire. In all 
those points a tborniomoter should bo specially adapted to its intended employment. 

jr ooa Extremely sensitive and yot exact tber- 
J/ig. atm momoters have lately been prepared by 
tbo best London makers In these, either 
tho hero of tho tube is very minute, and' 
thebnlb consequently small (as mjig 804), 
or the bulb is made to contain much luor- 
emy, and .shaped into a long oylindrical 
tube, bent into some convenient form, as in- 
1 tbo (?) idiron tliermomoter of Negiotti and 
I Zambra [Jig. 806). In Jig 800 is shown 
a suggestion of Mr Beckley, of the Kew 
Obsorvatory, for increasing the surface of 
tliormomotor-bulbs without impairing their 
mfloxihUity. Tho mercury is contained 
I between two coneonti'ic glass-cylinders, of 
„ , , , which tho inner one is open at the bottom. 

lUlhng t he TiiJc— Tho following is the most perfect mode of filling the tliar- 
mometor with mercury — A sufficient length of tho tube, a h, is marked off to form 
the stem, of tho thermometer, and a second bulb, rather larger than tho first, is 
roughly bloivn at h. When the 
bulb IB half-eoolod, tbo open end 
of the tube is held in pure and 
well-boilod moreuiy, winch gradu- 
ally rises into tlie first bulb. By 
inverting tho position of tho tube, 
and alternately heating and oool- 
ing'tho lower Wb (a), sufiieieut 
mercury may be made to puss from 
The whole tube is now held by 

buriieiK, so as to be strongif and nnifoimlyreaterthrmigLutTty wh°i^ flio 

merciiiy boils e.isily, and its vapour drives out every trace of air or moisture When 
tl IS IS thoioiigUy nccomplished iiiid the mercury yet boiling, the open end of the lube, 

W Hu e™ from 'a ® ^ fiuil then at once 

witlidiiiivn fiom tho boat As tho tube cools, a little wax is drawn m and in time 
bocomiiig solid, prevents the entrance of any air When Quite cool the meroiirv ne,- 
foctly fills the whole of the lower hiilb and tube. Let the tube bo now iuclinur{ Ld 
the lower bulo raised to a tompov.itm-e ralliev liigber than the tbormomntcr is 
lutonded over to indicate. A part of Ibe mercury is thus expelled, and as tho column 
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begins to retreat again on cooling, tho tube is to be melted and bonnetically sealed, 
just below the bulb b, which is drawn off. The perfection of the vacuum thus pro- 
duced within part of the tube, may be known by tho mercury running freely up and 
down, especially if the tube bo not very fine This process is more simply but less 
perfectly performed by some makers, who omit the second bnlb, and place die 
mercury m a bttle funnel of glass or paper affixed to the open end of the tube. 

Graduation — A. common thermometer is usually graduated by determining two 
points of the scale, by oompanaou with a standard thermometer, and dividing the in- 
terval into the proper number of equal parts. Tho thermometric scales usually em- 
ployed are weU. known to be three in number, and are thus defined • — 

Temperacure of Tempemturc of 

melting Ice. Inlorval. boiling water. 
Centigrade scale (0.) . . .0 0° 100'0° 100 0° 

Fahrenheit’s scale (F.) . . 32 0° 180-0° 212 0° 

Reaumur's sonlo (R.) . . .0 0° 80-0° 80-0° 

Of those, the Centigrade is in general use on tho Contmont, and is so far superior to 
our own Fahrenheit's scale, that aU scientific chemists should at once adopt it. It is 
already adopted in many English sciontifio treatises. Reductions from one scale to 
the other are easily made hy the following formnlie . — 

Fahrenheit to Centigrade . . g(F.° ~ 32) ■= C.° 

Centigi-ado to Fahrenheit . . . gO.° + 32° = F ° 

Reaumur to Fahrenheit . . jR.° + 32° = F ° 

Tho Reaumur scale being seldom met with, the numbers 5, 9, and 32, which .arc suffi- 
cient for the reduction of Fahrenheit and Centigrade, may bo easily romembored and 

Mounting of the Thermometer. — ^For cliemical purposes, the simple tube- 
tlioi-momoter, with tho divisions etched upon it, is by far tho best For accurate pur- 
poses, indeed, divisions upon the glass are alone to bo trusted ; and if an ivory scale 
is attached at all, it must only boused to show the whole degrees with quickness and 
seoiirity from mistake. 

For moteorologieil use, the degrees should still bo etched on tho glass, but may bo 
repeated on tho metal scale. In this respect the Kew Observatory common ther- 
mometer loaves nothing to he desired. It may bo had from tho host opticians, with a 
certificate oflts comparison at Row, at the price of about half-a-gninoa. More sensi- 
tive instruments are mentioned in describing the Dry and Wot Bulb Hygrometer. (See 
Hvquomjstee, in 228.) 

Standard Thermometer — ^We shall describe the graduation of a standard 
thermometer as it was practised by Mr Welsh at the Kew Observatory of the British 
Association, on the principles proposed by Eegnault, and described at considerable 
length by l?ierre (Ann Ch Phys. [3], v. 428). — ^Welsh. {Eeport to Itogal Society 
Phil Mag, [4], IV. 300.) 

Calibration of the IMe — A tube, having boon selected as tolerably free from aU 
visible defects, a short column of mercury, generally leas than one inch long, is intro- 
duced The tube is then attached to a dividing-engine, and either end put m comniu- 
iiication with an elastic hag compressed by a screw, by which means tho merciu-y can 
bo moved at wiU Commencing at one end of the desired scale, the mercury is made 
to coincide with cross-wires in the focus of a mieioscopo carried by the cutting slide 
of tho engine. By turning tho screw until the wires coriespond with the other end of 
the column, we learn the length of the column in revolutions of the screw. The 
moroiu-y is now moved until its other end exactly coincides with tho cross-wires 
which have remained stationary. Tho length of tho column is again measiu-ed, tho 
difference, if any, indicating inequality of the tube. Tlio same process is repeated, 
until the column has been measured for each length of itself through the whole extent 
of tho .proposed scale Permanent marks are made on tho glass, at the points of 
commencement and ending of the calibration 

Graduation — The measured lengths of tho column of morcury, in its .successivo 
steps along the tube, coiresponding to equal volumes, we may assume, unless tlie tube 
IS a very faulty one, that the calibre of the tube is uniform throughout each length 
Hence we may divide the length of each, as expressed m revolutions of tho screw, into 
any convenient number of parts, and proceed to the graduation, starting from one end, 
and sucoessivoly adding on the requisite number of revolutions. The divisions are 
cut ivith a flue noedlo-point upon n coaling of engravers’ wax, and afterwards etched 
with liydi'ofluone acid. By -weighing a mi-asiirod column of merem-y, wo hnvo data to 
calculato tho capacity of tho bulb most smtablo for oiir iiitcncled theruionioter. 
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Doterminigion of (fie ISi;de-ooefficieni.~Tha thormomotot having been filled! wiUi 
mai'oury, the divisions of the scale will represent equal increments of temperature, 
Imt MO entirely arhitraiy in value. As deserihod below, wo now dotermiiiB the 
freezmg-point to bo, say a, of the arbitral^ scale-reading, and the boiling-point to be, 
Bay 6. Then the true temperature in deg. Fahr. corresponding to any arbitrary gcale- 
reading «, is obviously x 180° + 32°. The values of this formula should be 
tabulated for every degree of the arbitrary scale which is likely to be used ; in refcr- 
eaee to the table, of course, proportional parts of the differences of these values are 
to be taken for the fractional parts of the arbitrary sealo-readinga, 

A calibrated standard thormomotor may be graduated with a correct Fahi'enhoit’s 
scale, as described by Welsh (Op.cit.p 312), buttlionocessaiy calcidations are rather 
intrioato. It is needless, too • for he who requires great accuracy can always use an 
arbitrary scale with its formula, or table, and he who does not had better employ an 
ordinary compared thermometer. It sliould bo remembered, that the highest degree of 
accuracy is always attained by pure or passive observation, the error of which can 
be calculabed and applied, while instrumental adjustment is always a clumsy and 
uncertain operation. 

Freoeina-pozni . — ^To detennino the melting-point of ice, which is 32° Falir, and 
the zero of the Centigrada scale, tlie thermometer is placed upright, lU finoly-pomided 
melting ice, contained in any vessel which will allow the water to dram away from Uio 
ice as it melts._ Snow is suU better than ice for thie purpose. The whole of the 
morouiy, both in the bulb and tube, must be covered, andhad better bo soleft for at least 
liaif an iiouv. The ice may then be removed just suffioiently to allow a mark to bo 
nwdo at the top of the nieronrial column, or (which is far better) its position noted 
with reference to Biaduation-marks already there, all proper precautions being taken 
as clsowhero stated. 

lloiling_~pomt . — The boibng-point is ascertained by placing the thermometer 
vertically in a cylindrical metal vcasol, so that the bulb shall be close aiaua the surface 
of distilled water in rapid ebnUition, the whole of the morcnrial column being like- 
wise raised to the samo temperature as the bulb by the rising vapour. The best 
form of boiler is that of Ee^nault’s {Jiff. 808), with double sides, between which the 
vapour oaculatoB before issuing into tho open nir. In this boiler 
the cold of tho ortenor air cannot possibly reach the thermome- 
ter. Core' must, however, be taken that the steam may issue 
with perfect freedom, else tho pressure ’and temperature withm 
the boiler will rise irregularly Thus tho aperture a should 
have a diameter of an meh or more, and a smiul manometer or 
syphon-gnnge, b, containing water, and communicating with the 
interior of the boiler, may be used to indicate tho least excess of 
pressaro within Tho water having been thoroughly boiled for 
a length of time, and the mercury standing qmts stationary, the 
reading^ of the upper cud of the merenwal column, which may 
extend just above the cork, is to be noted as before, while tho 
boiling continues uninterruptedly 
A common flask, with a glass tubs fitted to its mouth, to con- 
tain tho stem of the tliemiometor, may serve fur the rough deter- 
nunation of the boiling-point. It is well known, however, that 
water does not readily boil from a vitreous surface, so that 
mercury, scraps of platinum, or bits of charcoal, must bo placed in 
the flnsk to prevent any irregular rise of the temperature. 

_ Owing to tho displacement of tho zero (see p. 766), Pierre 
directs that the hoilnig-point should be taken before tho &oezing- 
point, hut wo think that, for most purposes, the order should be 
reversed. It is best, however, to take the freezing- and boiling- 
pointe with as long an interval between as possible, the ther- 
mometer being left undisturbed at the ordinary temperature of the 
air before each detemination. 

^ As tho boiling-point of water depends entirely on tho pressure of the air at the 
time, the barometer must be propwly rood. If it stand at 0 760 millimetre (or 30 
Uuglish inches) when properly corrected (see BisoiCB'i'nB, i. 512), the temperature of 
boiling water le exoctly 100° C (212° Pohr ). If not, tho temperature must bo calculated, 
allowing a change of i 1°0. for every divergence of pressure equal to ± 26'7 millime- 
tres (or 1-71° Pabr, for every inch of pressure). It is bettor, however, to use the 
following tahlo, which gives tho barometer reading (coireeted) corresponding to 
every tenth of a dogroe near 100° Centigrade . — 
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BolUng- 

Rriaiiwot 

BoHtag- 

Be&dlng' of 


Wlllln,. 

°Cont. 

mnim7' 

98 8 

727 96 

99 6 

746-60 

98 0 

730 ()8 

99-6 

749 18 

99-0 

733-21 

99-7 

;761 87 

99 1 

736 85 

99-8 

764-67 

99 2 

738 60 

99 9 

767-28 

99 3 

741-16 

100-0 

760 00 

99 4 

743-83 

100-1 

763 73 


To obtam a still noaroy approximation, proportional parts of the diffemeos 
may be taken. Thus, snppoao a tkermomoter irith an arbitrary scola to read ] fi7'& 
in the boiler iviLh the baromotar at 756 03 ; tbo corresponding temperature is 
99'8 + 767 “ 99-82. Suppose tbo freezing-point on the arbitrai-y 

seals to be 26 4 ; then 187'6— 26-4, or 162 1 arbitrary diyiaions, are equal to 99-82° 
Cent., or 162 4 divisions to 100°. Thus, 26-4 + 102 4, or 187 8, is the true degree 100, or 
the boiling-point for the proBanro700inillun.; and the value of any arbitrary deereon is 

)iSi' 

Enamtiiationof a Thermometer — Any good thormomotor, of which the scale ex- 
toiiJafrom 32° to 212°, may bomudotoBorveasacorrcctstaudai-d thormomotor, by direct 
experiment, if it ho worth while to take the necessary tronhle. Wo mU suppose the 
thormometor to he already graduated By placing it in melting ioe and above boiling 
water, with the preoontions alroady described, we first ascertain the errors of the degreo 
32°, and of some point near 212°. At tho lutormediate points, Uio error is then found 
by tho following process of Professor Porhos (Phil. Trans cixm. [18361, p. 878), 
which is that of Bossel (Tilloeh’s Phil. Mag. [1824], ixiii. 307) siniplifled and 
improved . — 

Detach a column of metoiuy from the rest, of such a length as to he nearly an 
ahquotpartof 180°. In a tube of moderately wide bore, tho length of the column 
may ho adjusted, with great accuracy, by bringing it just into contact with the re- 
maander of the mercury, and at the same time heating or coohng the bulb. A part of 
the meroiu-y will thou slowly pass over, one way or the other. This column is then 
caused to step along the tube, beginning at 82°, tho one ond being brought to the exact 
point which the other had previously occupied, this point being carefully noted in 
respect to tho nearest graduation-mark. The capacity of the tube is thus measured 
out into exactly equal portions, just as a la^th is measurod by a carpenter’s rule. 
Tho column may ho moved and adjusted to its position, with any degree of accuracy, 
by tapping one ond or other of tho tnhoor scale. 

The ond of the measuring column will finally fall near to 212°. Let it faU at 
212 -r 0, in which o is either + or — . Also let the number of intervals measured ho 
», and the corrootions for 32° and 212°, already determined, he a and 6 ( + or — ) 
Then, neglecting the very slight error which may exist in tho portion of tho tubo 
by which tho small quantity o was measured, the true interval corresponding to 
tho length of tho column will bo t ° I, and tho truo tcmpeni- 

tiiros corresponding to the divisions noted in the scale at tho successive stops will bo 
32° -f- o + I, 32° + a -r 21, and so on up to 82° a + «I. 

Several determinations may be made in this way with columns of different lengths. 
The results may then be projected into a curve. 

This process of Professor Porbes may bo performed in 1^0 or throo hours, tho 
freezing- and boiling-points having previously been determined, and the Professor 
considers it easier than comparison with a standard. It is scaicoly applicable, how- 
ever, to thermometers of very fine bore. 

Comparison of Thermometers. — Tho mode in which thermomotric accuracy 
will doubtless be moat genorally attained, is by comparing each thermometer used 
against a standard one, or even againeb a good thermometer, previouBly carefully com- 
pared -with a standard This comparison is very easily performed at all ordinary 
tamporatures, as follows . — ^The standard thermometer and that which is to ho com- 
pared, are firmly tied to a cross-piece of wood or other support, in such a manner that 
tho bulbs shall hang in exactly tho same level plane, and as near each other as is 
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Biife They arc then place J. in the coaB of a cylindrical glaSB vcsBcl 12 or 15 indioa 
deep, and- 6 or 8 in diameter Sufficient ivater is poured m to cover tho -whole of tho 
mercurial columns, and it must be of the highest tempe- 
rature at which it is desu’od to make tho compiinson. As 
water tends to arrange itself in layers of different tem- 
perature, agitation must he actively maintamod, by mov- 
ing up and down within the vessel, the ring-shaped agi- 
tator shown in fig 809. This may be formed of stout 
wire, with a strip of calico roughly twisted round tho 
ring part, -which, being made nearly of the same diame- 
ter as the glass vessel, cannot touch the thormomotor 
After brisk agitation, the readings of tlie thermometers 
are rapidly token through tho wator, almost in tho same 
moment, and at once recorded. In doing this, tho observer 
should give his chief attention to the decimal parts of 
degrees, for the niimhor of whole degrees can he taken 
afterwards at loisuie, and any mistake in these will easily 
ho apparent on taking the differences Tho purpose of 
this haste is, of course, to avoid any eiTor from tho cool- 
ing of tho water between the two readings. This error 
may be further eliminated hy inverting the order of the 
readings each time. Tho water having been allowed to 
cool a few degrees, it must again bo briskly agitated 
before tlio next pair of readings are taken, and so on with 
each Buccossive stop Error might be stiU fiuther olmii- 
nated, if necessary, by repeating tho whole operation with 
a rising instead of a falling temperature, produced either hy sucoessivo additions of hot 
water, or by a source of heat pliicod under the glass vessel 

It is, of course, possible to compiiro two or more thormometors with tho standard at 
the same operation; but the chances of mistake and error from cooling increaso lusuoh 
a high degree with the number compared, that we strongly recommend the reader 
never to read more than two thermometors and the standard at tho same time In tho 
Kew Observatory, indeed, whore large nnmbora of thermometers are constantly com- 
pared for meteorological purposes, hfr. "Welsli has dovisod a revolving vossel and stand, 
liy which, with the aid of an assistant, ho was able to read six thermometers at once 
(Phil Mag [4], iv. 309 ) 

We think that the results of this process, performed rigorously as wo iiavo described 
It, are capable of almost any degree of accuracy, from the boihng point of wator down 
to low temperatures, at which eolutions or other liquids cooled by freezing mixtuiys 
may be used. Professor Eorbes, however, objects to it (Bnt Assoc Eeport, 1840, 
p 49), and remarks that where the investigation is an important one, constant sources 
of heat, natural or artificial, cannot he too carefully sought. Bark-pits, natiu'al hot 
springs, waste hot water of steam-engines, and the boiling-points of some liquids, such 
as alcohol, may he usefully employed. 

When some determinations of especial importance and exactness, ns of a molting- 
or boiling-point, have to ho made at or about a particular temperature, the best 
mode is to compare the thermometors used -with one or more standards, in media of tho 
constant hut required temperature, such as boiling aleobol diluted up to a certain 
point. Hersebel (Admiralty Manual of Scientific Enquiry, p. 298) states that tho 
best mode of ensinnng perfect identity of temperature in comparisons is long rest of 
the thermometers in contact, in a box stuffed with cotton, the parts of the scaloa to be 
road oflr being occasionally uncovered for that purpose This process would bo a very 
slow ono, but otherwise unexceptionahlo It is almost needless to mention that com- 
parisons of thormomotoi-s in the open air are useless for exact purposes 

Mr Wi’lsh gives a mode of examining tho lower part of a thormometorsmfr without 
tho use of froeang mixtures, but it is open to exception. 

Change of the Zero-point . — ^A sorioiis difficulty is thrown in tho way of thor- 
momotric accuracy hy tho fact, that the zero of tho instrument, by which may ho 
meant any determinate point selected for verification, but generally the position of tho 
mercury inmoltingico(32 °Falu'.), can seldom he consulored invariahle in the host instni- 
nienta, and is more pioporly described hy Dosprotz ns in conimu.al osoillatim These 
movements nrc of two kinds .—I A giadmvl, continued, and permanent rise of the 
zero-point. This phenomenon has been studied by Desprotz (Ann. Ch Phys [2], 
Ixiv 312), who, among othor cxporiments, frcquciilly determined tho frooziiig-poiTit of 
a thermomelor during five years. Wo have shown the results graphically in fg 810, 
and in spite of irregularitic.s, duo to tho fact tiiat tho thermometer was in constant and 
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various uso during the period, tho curve produced is aonsibly a parabola Professor 
W H, Millor, in correcting the readings of a standard tiiannometor, found that 
the rise of tlio zero-point was ropresoiited with suffieiant accuracy by a formula 

Mg. 810. 



(O'OOff Si «i*), which would give a hyperbolic niri'o. It is gonorally supposed that the 
vise of tha zero-point 18 duo to the atmospheric presBiiro, although Legrand (Ann. 
Ok Phys., &o., [2], bail. 372) disputes this, and attributes it to molecular changes. 

In eousoquonoo of this rise of the zero, it is usual for thermometer-makers to keep 
the tubes of standard thermometors for a year or more before graduating them It is 
obviously necessary that all thermometers used m accurate researches should bo veri- 
fied and recoiup.irad at their zero-points, or at parts of their scales, from time to time. 

2 Tlie second kind of movement of tho zero is a temporary fall when tho thermo- 
meter has been much heated, and a temporary use when much cooled. Legrand 
considers that at tha temparature of boiling mercury, tho zoro-point romouuts tem- 
porarily to its position pnst after tho thermometer was completed, but the details of his 
observations are not given Dospretz makes the eiu’ious remark, that every therrao- 
metar must road rather too low in summer, and too high in winter Diftbrcnt ther- 
mometers ore affected m very difforontdogroes, as shown in tfie following observations, 
tho thormometor-makers’ names being enclosed in brackets, Tlio degrees are Centigrade. 
Legrand [Buiiteii],0'S°to Q’5°, Dospretz, 0 23° to 0 6® ; Lament, 9 thevmometeTS, 

0 2o° to 0 45°, and one, 0 62° ; Porbes fTroughtou], 0 S® and 0-2o, [Adie] 0 23°, 
[Crichton] 0 3° [OoUardeau] 0-2°; Sheepshanks, average, 0'17° ; Welsh, average, 

0 09° to 0 11°. In making the above observations, the thermometors wore boded, and 
soon afterwards placed in melting ice 

The position of a thermometer, espeoiady a veiy long one, when a reading is taken, 

IS not always a matter of indifference, for at a high temperature the column of mer- 
cury may exert such a pressure as to expand the bulb slightly, and lower tlio reading 
As thermometors are generally compared and graduated when vertical, it is obvious 
that tho vortical reading uill generally he the correct one Professor Forbes 
(Phil Trans [1836], p S77) detected a difiference from this cause by placing the 
thormometer m a oyluidrical vessel filled with sand, tho bulb being protected from 
external pressure by a small stiff paper tube, and the upper part of the scale pro- 
jecting out of the vessel The whole liaving been very gradually raised to as high a 
temperatiu'e as is thought desirable, readings may be taken many times in succession, 
horizontally and vertically A standard thormometer of Troughton, thus tested, gave 
a difference of 0 16° Pahr. If in making a standard thermometer it he known that it 
will have to be used both in the vertical and honzontel positions, it wiU. bo best to take 
tho determinations of the freezing- and hoihng-pohita in both positions. 

As the mercury in a thermometer-tube is always removed some little distance from 
the scale to which we refer it, an obvious error, called parallax, wiU onse, unless tho 
line of sight bo perpendicular to the scale With a little care, parallax may 
bo avoided by moving tho head baolcwards and forwards till the eye is opposite the 
right point But, in making frequent or important readings, especially comparisons, 
it IS best to use a telescope, fixed or moving at right-angles to tha pilane of the scale. 
M. Valz, of Marseilles, ingeniously proposed to plunge two-thirds of tho thickness of 
tho tube into the substance of tho scale, so that the plane on winch graduation is made 
IB advanced in front of tho mercurial column to the amount of one-thircl of tho radius of 
the tube, in which case the error of refraction will exactly correct tho error of parallax. 

A light frame may easily be contrived to slide upon the scale or tube, and 
prevent parallax. Thus P'rofessor Miller (Phil. Trans [1856], cxlvi. 779), 
describes thermometers with arbitrary scales divided to ^ inch, subdivided by a sliding 
glass scale to inch, the division of tho sliding scale which is brought into apparent 
coincidence with tho extremity of the thread of mercury being viewed through a hole in 
a plate of brass attached to the very light brass frame which carries the scale, so that 
tho lino of Bight may be at right-angles to the axis of the tubo 

Gapaciiy and Dilatation of the Bulb — ^It is necessary in certain rosearclios to 
detormiue tho ooolllciont of dilatation of the glass employed This may be found, 
after the method of Pierre (Ann Cli Pliys [3], xv 332), by constructing a 
thermometer of tho same Iviiicl of glas.s, tho tube being calibrated and graduated botuio 
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it la filled, ivnd the capacity of overy part baing aacertained by introducing morcnry 
eevoral tunes into the tube, and comparing the weight of this momii'y with tlie uiimlmr 
of degrees occupied Tho thormomator having beon completed, wo easily doterinine, 
from the known capacity of its degrees, and tho coefficient of dilatation of morcury, the 
oapaeiby of the bulb. Taking the expansion of niercnry from 32° to 212° as after 
Dulong and Petit, wo shall find ]c, the coefficient of dilatation of the glass from tho 
eq^uation — 

in which Fas i® the actual space occupied hy mercury at the temporatiiro of 32° Pahr , 
and Faia apparent voltune at the temporalure of hoiUng water. 

The coefficient. A, of the apparent dilatation of mercury in tho glass is, then, ap- 
proximately for each degreo Pahr. 

. A » ^ t 

66 5 X 180 

Tho values which will thus he generally found are, for P about '000012 for each 
degree Palir ; and for A about 000088. 

SpiiUTTHBBMOMDTBBsare required for measunng tempoi'ottiroB which approach 
or sink hclow the ftoezing-pomt of mercury ( - 39° Pahr.). In their graduation we eu- 
oouuter the difficulty that tho increments of volume of alcohol for equal increments of 
temperature, cannot bo assumed equal, ns in tho case of mercury. 'Welsh, liowovor 
{Op. eit. p. 316), shows how to deduce a law of oxpaasion, hy which an approxiunitoly 
correct scale may ho gr.iduated. 

Alcohol IS also used in many register tliormoinetors , hut it is an objection to such 
that the spu'it often distils over from the end of the column, eolleoting in the other 
parts of the tube, lending an observer who is not very ■vigilant into error. 

Eeuisthh. Thbumombtehs are morcurial or spirit instruments fiirniahed with 
a small index sliding in the tube, ivUich for this purpose must have a large bore, and 
therefore also a largo bulb. Tho figimus (811 to 810) will sufficiently exhibit tho 
various registering contrivances In 811, a is a small 
Ikff. 811. piece of steel wire, and 6 the end ot the meronrial column, 

which forces it forward, and then loaves it at the maximum 
point. The tubo must remain nearly horizontal, and tho stool 
index IS moved back by means of a small magnet Tho chief 
defect of this maximum thomiomoter is, that a quantity of air 
must he left in the tube, to prevent the meroiu'v tio wing about , 
and the morcury in time becoming foul, the whole is thrown out of order. In tip. R12 
tho mdex is of wire, covered with enamel, and is mtlmi tho column of a spmt ther- 
momotar, the end of which column carries it back by force 
Fig. 812. of adhesion, but does not carry it forward. It thus gives a 

imniinum temperatiiro. Tills thcrmonietor works very woU, 
but IS open to all tho objections against a spirit thermo- 
meter. Tho above two instruments .ire known as Euthor- 
ford’s, and have till lately been generally used. 

Six’s Maximum and Minimum Thermometer consists of a largo bulb full 
of alcohol joined to a tube m the form of an inverted syphon, m tho lower part of 
which lies a short column of morcury. Tho extreme point reached either 
Puj. 813. .pay ijy morcury, as it is moved by the expansions and contractions of 
the alcohol, is marked hy a small onamoUed wire index sliding in the leg of 
tho bent tube {fig. 813), but secured against falling from its own weight by 
a small spring. This instrument is very convenient for many purposes, 
but cannot be rendered very accurate or sure. 

The Mereurxal Maximum Thermometer , 

of Negrotti and Zambra seems to be tho host yet 
invented In this the tubo is horizontal, and but 
little wido in bore tlian that of an ordinary thermo- 
meter. The bnlb is bent downwards, and at the 
bond, the bore of the tubo is nearly stopped up 
with an enameUod plug (j%. 814), which prevents 
the mercury from running back, as the temperature 
falls, provided tho tube lemains noarljr level. The niiiximum reading is thns given by 
the end of tho mercurial column ronianiing in tho tubo, and tho in.struniont is reset, 
simply by inclining it until tho mercury rmis hack and fills the bulb. 







THEUMOMETRIC ANALYSIS. 7G9 

TVi/’ Mercurial Minimum Thermometer, invented ly Cdsolln, is a highly 
ingonioua instrument. The hnlb la provided vvith a small overfiow-chamher, iiiio 
winch the ineveiiry freely expands during a rise of temperature. When the tem- 
poraturB foils again, the mercury is still retained iii the chomher by adhesion to ti 
Hat surface of glass provided for the purpose. The minimum reading at the end of 
any pojiod is given by the extremity of tlie mercurial column m the stem of iho 
instrument. To reset the tliermometer, it is inclined until all the mercury runs out 
of tlie overflow-chamber. 

A very similar instrument has been densed by Negi-etti and Zambra The bulb is 
shown 111 fig 81S, in which a ia the overflow-chamhor, and the morciuy is retained 
in it, after once entering, by .idhesion to a . y o c 

plalinum-plug, which nearly stops up the 
narrow comm umeation at A These instrn- et 
monts are so recently invented that their 
lelative excaUeneo is yet unknown, but they 
are far superior to any of the old spmt 
thovmometeiB. It is not necessaiy here to 
describe a foim. of niereimal minimum thermometer patented by Nogretti and Zambra 
h( vernl years since Although ingpnions, it is a laigo costly instrument, open to 
601 srol important objections. 

The indications of a registering thermometer cun never be quite .so accumte os those 
of an orinary insteument. The usual process of coinpavison is scarcely applicable to 
many such thermometers, and Sir J, Hevsohol directs us to record tlie errors thus 
determined, but not to apply them. 

Thu miiximum thermometer of 'Walfordiu is well adapted for taking the jrin, siG. 
terapoMliiro of the sea, or of hot springs It consists of an oidiiiary tubo- 
tlicimoinetor, the upper end of which is furnished with an overflow-bulb 
(fig, 816) A eorrcspniidiiig blit less satisfactory niinimtim thorinomcler, 
oontamiiig alcohol instead of mercury, is also dosciibed iPonillet, 

Elhnenls Ac Thjnque, 7mo ed. tome ii. p. 680 , Coinpt. rend xxxvm 770.) 

A number of maximum and minimum thermometers, suited for t.ilcing 
tile teinporatiu’o of the sea, arc tleseribed by Aiind. (Ann Oh. Phya [3J, 

Tempo/ ature of the Air —To plnco a thermometer, so that it shall accu- 
rately show the temperature of tho atmosphere, is an exceedingly difficult 
jiroblim It imisL bo shielded fxom radiant heat of the sun, sky, and 
earth’s surface , also ftoin iioetuinal radiation, from ram, and tho influence of any Urge 
neighbonriiig masses of matter, and yet must bo freely o.xposod to tho air Metoon- 
logists liavo (luviscd various kinds of screens (Drew, Prncficni Afefeoroiopy, pp 70 
81), Tlie difficulty might always be quite overcome, however, by placing the thtr- 
mometers (Big and Wet Bulb, see HvonoMETim, in 227), in a bright metal tube or 
case, and drawing a constant stieain ot air tlu’ougU it meclianicolly, a method triecUiy 
Welsh. (Phil. Trans. [1863], cxliii 313.) W S.J 

THEKIffiOBIETRIO AWAIiYSIS. Tins term is applied to certain approxi- 
mative motliods of qimntitativoanalysis, dopondingon the observation of the temporaturo 
at which a pheiiomonon takes place, or of the changes of tomperature accompany mg 
chemical reactions. Tho following examples will be sufficient to lUustrato the nature 
of tliese motliods* — 

1 Tho temporaturo at which a salt begins to ciystalliao Xiom solution vaiicawitli 
tho quantity of salt dissolved hem-e, by obsemng tho temperature at which crystalb- 
sation begins, the quantity of salt present m a given quantity ef the solution nwj ho 
inferred. This method is applied in Austria for tho purpose of testing tho purity of 
saltpelre. A known weight of the ammonmeal salt is dissolved in a certain quantity 
of watei, and tho tompemturo at which it begins to crysUlliso from the solution is 
compared with .i table containing the crysfciUising temperatures of solutions ot pure 
iiitmto of poUssiuin of various .strengths (See Nitba.tes, iv 102 ) 

2, Many s.ilts, in dissolving in water, produce a depression of temporaturo, I ho 
ainoinit of reftigoratioii being different for o.ieb salt. Hence, when this amount is 
known for two pure salts, the proportions of thorn present m a mixture may be fonnd 
from tho fall of Icmpoiiitnro which takes place in tho solution of that mixture This 
method has been applied by Gay-Lussac (Ann Gh Phys. [2], xii. 14 ; xxxix. 366) 
to mixtures of tlio chlorides of potassium and sodium. 

Tins particular application is based upon tho observation that 50 guns, of chloride ot 
potassium, on being dissolvoa in 2-00 grms of water, contained in a gla.ss ves.sol whose 
weight IS 186 grms. and capacity 300 cubic centimetres, produce a fall of temperature 

Voi,. V. 3 D 
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fiTnowutiiig to H’4° C., whilo the same quanbtyof chloiido of sotlmm, dissolved under 
exactly similai’ circnmslancBS, lowers the temperataro only 1’9° 0. 

Now lot a mixture of the two salts, weighing 60 grms , he dissolved in water under 
exactly the samo conditions, and let a; bo the qnaniaty of chlomdo of potassium therein 
contained, and eonsoqiioiitly 60—® the quantity of ehlorido of sodium. Then the fall 
of tomporatnru produced hy the ® parts of chloride of potassium is .r, and that 
produced by the 60-a grms. of chloride of sodium is ^(®0 The observed de- 
pression of temperature (i) is the sum of those quantities 5 honoo the equation •, 

which gives, for the amount of chloride of potassium m the nuxturo 
- 1 9 60 r - 96°. 

® 114-19 ” 96 

To obtain good results, it is necessary to use a delicate thermoniDter, capable of 
indicating tenths of a degree ; to pulverise the mixture very finely, and accelornto the 
solution by shaking the flask, holding it only hy the neck in so doing, in order th.it 
as litilo oxtranoous heat as possible may he eommunicatod by the hand , and. lastly, 
to obsOTO es.ictly the preening stipulations as to the weights of the salt and the 
water, and the weight and size of tho vessel The original tomporaturo of the water 
has likewise some inflnoiico on the result. Gay-Lussac used water of 20’4° C. With 
these precautions, tho method may he depended upon for giving results of sufficient 
■acouraev for manufacturing purposes — as, for example, in testing samples of commeroial 
chloride of potassuwi used for tlio preparation of alum or of saltpetre. To minute 
Boiontific aecuraey it has of course no pretonsiops 

The same method may ho apphod to other mixtures of salts which depress tho tompa- 
raturo in dissolving, and likewise to such as raise it. It is more exact m proportion 
■ as the amounts of depression produced hy tho two salts differ more widely from one 
another, 

3. Fixed oils (o. g , olive-, poppy-, and rape-oil) evolve diffiiront dogroos of heat when 
treated with strong aulphurio acid, and the temperatures thus produced may ho applied, 
111 like manner, to doteriniuo the proportions of two of tliem existing in a niixturo, 
especially when one is a drying and the other a noii-drymg oil Aeoorchug to Mau- 
meui (Compt. rend. xxxv. 672), 60 grms. olive-oil mixed with 10 cub coat, sulphu- 
ric acid of 60° Baum6, become heated from 26° to 07°, tliatis42°, and 50 grms. 
poppy-oil similarly treated are heated from 20° to 100°, or 74° 

Aooortling to Faisst and Knauss (Dingl. pnlyt. J oxxxix 63), 16 gums, of diffe- 
rent fixed oils mixed with 6 grms strong sulphune acid (feeedfrom excess of water hy 
boilmg) exhibited the following degrees of heating ■ 

Olivo-oil from 16° — 64°, therefore 38°. 

Almond-oil „ 12° — 62° „ 40°. 

Eapo-oil „ 14°— 69° „ 68° 

Poppy-oil „ 17°— 87° „ 70°. 

With linseed-oil the rise of tomporaturo was more than 100°, but not constant, 
beouubo decomposition took place at tho same time When 15 gnus of oil were 
treated with 7'6grra8 of, sulphuric acid coutainmg 90 per cent H“SO*, tho following 
rises of tomporaturo were observed 

Ohve-oil from 12° — 40°, therefore 28° 

Bape-oil „ 17°— 64° „ 37° 

Linseed-oil „ 16° — 91° „ 75°; 

mixtiu'cs of olive-oil and poppy-oil, and of hnseed-oiland rape-oil orpahn-oil, exhibiting 
a rise of fomporataro nearly equal to tlie means of tho numbers given by tho individual 
oils. Tills method might therefore be applied, in default of a better, for examining 
mixtui'QS of fixed oils , it requires, however, that the process be always conducted in the 
samo way, and especially that die glasses used shall he of the same size and thickness 
It would be necessary also to ascertain whether the same oil, linseed-oil for example, 
oxlnbits tho same rise of tomperatiu'o, when recently expressed, as when old, and imdor 
other conditions. 

TSBRltEO-BIU'iLTIPUEB. A thermo-electric pile connected with a dehcato 
gnlvanometor for indicating shght changes of temperature hy the thorrao-eleetiio 
currents produced on oxpo.siiig one end of tho pile to a source of heat or cold (Enm- 
TaioiTY, II. 413.) 



THERMONATRITE— THIACETIC ACID. 771 


THBBMOWATItITB. Monoliydratod carbonate of sodium, Ka'OO® H=0, (See 
Caiiuohates, 1. 735.) 


I'HBH.MOPHTri.SiITE. A mineral ocenrrmg at Hopoovaara, in Enlaiid, in 
gmma or rounded mdisUnet crystals, cleaving easily in one direction, white to yellow- 
Iih-hrowu, soft, of specific gravity 2'66 (Hermann). When heated, it rafoliatos, 
and swells up to a greater bulk, but melts only on tlio thin edges. It is docomposed, 
but with difficulty, by sulphuric acid. 

Analyses a By Arppo (Analyser af. flnska min.p. 27). — 6. ByHermann (J. pr. 
Chilli, bcnii. 213).— o By Northeoto (ihid. Ixsvi. 263) 


a 41'20 1’71 120 39-68 3-19 0 46 10 84 100 = 99 18 

b 4312 4 91 170 34-87 . . 1-33 13 14 . . = 99-16 

0. 41-48 5 49 1 69 37-42 . . 2-84 10 88 . . = 99-70 

According to tlie first analysis, the niinoral consists osseutuilly of 2(3MgO 2Si0’).3H’0 , 
that 13 to say, it differs from serpentine only in its amount of nator. The second 
analysis loads nearly to tho foi-mnla 6MgO 6Si0*.6H’0, and tho third to 4MgO.3ai0h 
21PO. According to this hast formula, the mineral is related to hydcophite and gyiii- 


TBBBmoSTAT. An apparatus Borving to manitain a body at a constant tom- 
poratuve. Oontrivaiiocs of tins sort wore invented by Tire, in which two rods of dif- 
ferent niotals soldered together, being bont by ckinge of teinpoi-.itm-e, were made to 
act upon a valve or stopeoclc, so as to i-eguUito tho draught of a fnm.ice, the rate of 
osoapo of steam, or tho iiifiux of cold water into a boilor. (See Vrds Dictionary of 
Arts, &o , 111 . 880 ; also Haudw. d. Chom. vin. 129 ) 

TBEB-E-THRIN-. One of tho products obtained, according to Zoiso, by tho 
simultaneous notion of ammonia and Bulphin; upon .icetoua. 

TBIACETIC ACID. C'H’OS = Sliljjhydratc of Aectyl. (Ko- 

kul4, Ann. Ch. Plmxm. sc 311. — Ulrich, thul. cix. 272 — ^Kokiili and Lin- 
nomann, ibid oxxin 278 ) — This acid, discovered by Kekuld in 1364, is related to 
acetic acid in tho same mannor as moreiiptan to alcohol, or snlphydrie acid to water 
It is produced . 1. By the action of tnsulphide or pentasulphido of phosphorus on 
glaoiid aootio acid, in which caso the typical oxygon of tho acetic acid is replaced by 
sulphur . 

gOOTOjQ ^ p,ga ^ p2QJ ^ gC»H»0|g_ 

2 By tho action of acetic chlondo on sulphydruto of potassium, in which case the 
acetyl takes tho place of the potassium - 

C»H«001 -t- KHS =. KCl + C'H’OHS 
3. Bythoactionof water or alkalis on disidphido of.icetyl(Kokul6andLiii nemanii). 
— 4, By the action of nascent hydrogen on sulphacatylio chloride (Vizet, Ann. 
Ch Pham. cxix. 142) , 

C’H»C1S0‘ + 4H* = C'H'OS + HCl + SH-O. 

Freparatwn — 300 gi-ms. pontasulpludo of phosphorus and 108 grms glacial acetic 
acid are heated in a retort as nearly as possible half-filled with tho mixture, till reac- 
tion commoncog , and the portion of tho product driven over by Uio bont resulting 
from tho action IS collected apart. 660gims acetic acid and 1,800 grins piciitasalphido 
of phosphorus, thus treated, yield, after one rectification of tho product, 250 grms of 
pure thiacotio acid. (Kokuli and Linnemanu.) 

Pj-ops) Ues — ^Thiacetio acid isa colourless liquid, which hccomos yellow by keeping, 
baa an iinploasaut odour like that of acetic and sulpbydrio acids together, boils at 96'-', 
and dissolves in alcohol and ether. It is decomposed by strong mine atsid at a gentle 
heat and by tho fuming acid, even in Iho cold, witli explosion. — With pcntaaJiloride of 
phosphonia it yields chloride of acetyl and sulphochlondo of phosphorus : 

C^H=0,n.S + PCI* - (PffOOl + HCl + PSCP. 

Thiacctates — Thiacotic acid is monobasic, tho general formula of its salts 
being CTH^MOS for monatomic, and C''H“M'’0-'S-‘ for diatomic motals. Most of tho 
thiacetates dissolve easily in water and in alcohol, and may be obtained by dissolv- 
ing .-111 oxido or carbonate m thiacetie aeid, or by decompo,sing tho banura-aalt with 
aolublo sulphates Tho lead-salt, winch is but slightly soliildo in water, iB obtained 
by precipitation Thiacctic acid dissolves xiotas-ium, with evolution of hydrogen ; 
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‘ilao ziue ’srlien heated thoiewith. _ Thiacatates avo decomposed hy ioduio, -with 
formation of metallic iodide and acetic diaulphido (Koknlo audLiiinemaiin) • 
2C=H»MOS + P = 2JII + 

The poiasiium-snlt, C^H’NaOS, tho sndmm-scdt, C-'H’NaOS.^H'^O, the hanum-bdlt, 
3H-0, the strmtmvi-salt, C'II“Sr'S’‘0’.2H^0, and tlin cakmm-salt, 
C'n“Ca"S’0'' 2H-0, are ci-ystnlliBahlo (Ulrich).— Tho lead-salt, C'H«Pb''0'S’, ob- 
tained by procipitating acetate of load -with thiacotic acid, crystallises from hot ivator 
or alcohol, in colourless, silky noodles. It is very unstable, decomposing quickly, both 
in the dry atote and in solution, -with separation of lead-sulphide (ICckuli). Tlie 
'imreurw udt is obtained, by doublo decomposition nith maronrio ohlonde and pot.issie 
tliiacotato, ns a -white pirocipitato -which soon turns bbick. — Tho iUvci - and copjier-snlfs 
are still more unstable. — ^Recently precipitated ./emu hydrate dissohos in thiacotic 
acid, forming a greenish solution, which deposits sulphide of iron when wariuod. 

Ethyhc ihiacetatc, c™ » ^(S Ohtnined hy the action of phosphoric pen- 
tachlorido on othylic acetate It is aliqiiid lighter than water, and insoliildo therom ; 
smells like othylic acetate and sulphydric acid. Boils at about 80°. (Kokiil6 ) 

TKIAOETIC AnrHYUBIBB. (C“H*0)-S. Jeetio Mmosulphdc or Pioiosid- 
p/i'tde (]Ieknle,/o(J ni ) — ^Producodbythouctionof phosphoric pontasnlphideonacotin 
aidiydi'ide. On gently heating tho mixture, a -nolent reaction takes place, .iiirl tlii- 
acetic anhydride distds brer Whou puiiiiod by redistilliition, it forms a coloiirles-j 
liquid, having a poculiiu' odour, and boiling at 121°. It sinks in water at first, with- 
biit decomposition, hut afterwards decomposes, yielding acotio and sulphydric acids 

Acetic Bisulphide, (C“H'‘0)’S“ (KokulAandLinnemann, loc cnf.)— Produced 
by the action of iodine on metallic thiacetatos (p 771) Iodine is gradually added to 
the slightly acidulated solution of a thiacotate, till the liquid booomos brown, and tho 
oxcess of iodine is removed by adding a little more of the thiacotate. Aoetio disid- 
phido tlion separates ns a yollo-w liquid, which m.ay bo purified by -washing with cold 
M.vtor, drying over chloride of c.alcuim, filtering, and lon-ving it in a cold pbieo, -nhoro- 
iq-)on it solidifies in tho crystalline state. The last trace of admixed sulphur may bo 
ri'inoved hy dissolving the crj’stals in tho smallest possible quantity of carhoiiic 
flisulphido, and mixing the wull-eooled solution -with a small additional quantity of 
solid acotio disulphide, the liquid then gi'adually deposits tho pure compound iii laigu, 
colourless, well-defined crystals. 

Pure acetic disulphide melts at 20° t it has a peculiar, slightly hopatio odour, is 
insoluble in wuia, but dissolves rcudily in alcohol, ether, and caihunio disulphide. By 
water it is decompsod, gradually in tho cold, quickly at tho boiling lieiit, into sulplnir 
and Uiincetio acid , with diudis tho same decomposition takes place imniodiatoly It 
is violently attacked hy strong nitric acid, with more dilute nitiio acid, it yields 
sulphuric and acetic acids. When distilled, it gives off thmeotio acid at 93°; after- 
WiU'ds, at 160°, a dark-eolmirod distiUato rosombhng tho last portion of liquid obtained 
111 tho rectification of thiacctic acid. Acetic disiilpiliide is decomposed by nioreury, 
even at temperatures below 100°, hut tho removal ot tho sulphur is not complete. 

TBlAXiDSN-E. = N j C-H-'.Sil CVVohlerandLiobig [1847], Ann 

Cli. Ph.Tim. Ixi 1.— Hofmann, eiid. chi. 93 — Brusowitz and Catliaiider,Buil. 
Sec. Chim [1867], 1 460.— Sehiff, Lahoratoiy.i 401.)— An organic base obtained by 
tho action of sulphydric acid on an aqueous solution of aldehydute of ammonium . 

3C’H'>(NH^)0 + SM = C»H'“NS’ + (NH')=S + 3H=0. 

To prepare it, ahlohydate of ammonium, free fiom ether and alcohol, is dissolved in 
12 to 16 pts. ot water, 10 or 16 drops of ammonia are added to every 30 grms of 
tho solution , and n gentle current of sulphydric acid gas is passed through tlie 
mixture, wliieb then becomes milky in about half an hour, and deposits thialdino in 
large crystals, having the appearance of camphor , m four or five hours, it the liqiud 
becomes clear again, .and the operation is finished. Tho crystals ore collected on a 
filter, washed with cold -water, dried, and dissolved in other mixed with a thud of ils 
volume of alcohol, which, when left to evaporate, deposits thialdiue in rhombic 
tables often half .in inch in diameter — Sometimes this process yields no crystals, but 
a colourless fetid ml, consisting for the most part of thialdino kept in the liquid 
state by an oily body To obtain tho thiaidhio from this liquid, it is slukon up mtli 
half its volume of ether in .i stoppered bottle, and then mixed with hydrochloric acid, 
whereupon the mixture solidifies to a crystalline mass of hydroclilornto of thi.ildiiie, 
which 13 to ho washed with ether, to roinoio the last portions of oil, then dried, 
moistened -witli a little ammonia, and ridissolved in ether. 
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ThiaUino is likewise oUaincd by pii'.sing ammonia-gas into tlio coinpouiicl of 
acofyl-moi'oaptan inth snlpliydiie acid ti, 107): 

+ 8NH“ = 2C»H'»NS= + 3(Nff)^a 

TliuiUliiie forms large, strongly rofmeting crystals, having tlie form of gypsum, and 
a density of l’t91 at 18°. It has an aromatic odour, boconiing disagreeable after a 
ivliilo , melts at 43°, and volatilises without residue at ordinary temperatures. When 
disUUod with water, it passes over without alteration , hut when distilled alone, it 
decomposes, giving off a fetid oil, which partly concretes, after a while, into a brown 
syrupy residue containing sulpliur 

Thialdino is very slightly soluble in water, but dissolves voiy easily in alcohol and 
ether It does not act on vegetable colours, but dissolves easily in acids. 

All alcoholic solution of thialdine is not immodiatoly precipitated by acetede of lead, 
but, lifter some time, a yellow precipitatij is foiiiied, which changes Co red, and nlti- , 
inatoly to black — Ntiraie of silver forms a white precipitate, changing to yellow and 
black, mercuno chloride a white precipitate, changing to yellow; platiine eliloruie 
gradu.iUy forms a dingy yellow precipitate 

Tliialdine and its salts, heated with a solution otsilver-mtrato, are decomposed, with 
formation of silvei’-siilpliide. Thialdine calcined vnth calcic hydraie, yields an oily 
alkali having the characters of chinolino. It is quickly decomposed hy chloric acid 
According to 0-ossmaun, thialdine treated with eilver-omde and water, is converted 
into the analoguuB coinijoiiiid, leucine, but Hofmann has shown that in 

this reaction, the whole of the nitrogen in the thialdino is oouverted into ammonia, 
acetic acid being formed at the same time 

Halts of Tiiialdino — Thialdino unites with acids, forming soluble and crystal- 
Iiaablo salts The acid salts decompose when dried in a vacuum 6ier oil of vitriol, the 
sides of the vessel becoming covered with slender noedlos, perhaps oouBisfiiig of 
allylio sulpliide, formed according to the equation, C“H'‘2!lS’ — HIP ■= SOUPS. 
(Brusewitz and Cathauder.) 

Hjidnodate of Tlmldine, C“H'’NR® HI, separates in small prisms or laininai, on 
mixing the solutions of potissium-iodido luid tlualdino-sulpliato Itis slightly soluble 
in cold water, but dissolves easily in boiling water, alcobol, and other. — Tuo lya'ro- 
honiak, CUl'''NS*.UBr, erystalliBcsin rlioraboidal prisma, resemblrag the hydriodate 
(Brusowitsi end Cathauder) — The hi/di ochlorate, G“H'“NS- HOI, obtained by 
dissolnng thialdine in hydroeblorie acid, crystelhsos in tine, colourless, highly 
liibtroiis pri.sms, inodorately soluble in cold water, less soluble in alcohol, insoluble in 
ether, decomposed hy heat (Wohler and Liebig). — ^Tbe lifjdi ocyanate la formed 
on adding cyanide ot potassium m sufficient quantity to sulphate of thmkhno, partly 
as a white precipitate, partly as an oil which floats on iho siu'facc of the liquid; the 
precipitate and the oil gradiiaDy form into crystals, which may bo purified by reovys- 
talhsation from ether (Brusowitz and Cathandor ) 

The nitrate, C“H'“NS“.HNO*, is easily obtained hy agitating the ctliercid solution of 
cinde tliialdine with moderately strong nitric acid, the mixture sohdifying to a erys- 
tallino pulp, which may bo purified by recrystallisatiou It forms colourless needles, 
more soluble in water than the hydrochloruto, soluhlo m alcohol, insoluhlo iii ether 
(Wohler and Liebig.) 

The oxalate, probably an acid salt, separates from a solution of thialdino in oxalic 
ai'id, m largo qiindrangnlar prisms, which are easily decomposed by evaporation. 
(Brusewits and Cathauder ) 

Tlio aoul ^Imiiliate, C“H”NS^H®PO', is ohtaiued like the snlpliate, and its solulion 
IS decomposed by heat nearly m the same manner It crystallises in slender needles, 
veiy soluble in water, alcohol, and etlier, and melting at a high temperature riiospliato 
o( sodium, added to a solution of sulphate of thialdino, tlirows down a white precipi- 
tate, eonsistiiigof free thialdine (Brnsowitz and Cathander) 

Acid sidjohaU, C^H'^NS- H-S0‘ —A solution of thmldme m excess of sulphurie iicid, 
IS decomposed by lie.it, yielding a number of products, among which are sulphate of 
thialdino and nei’dle-sliapod crystals, probably consisting of siilpludo of allyl (supra) 
The solution, evaporated in a dry vacuum, yields the acid sulphate in largo prisms, 
soluble in water, alcohol, and ether. When sulphocyanato of potassium is added tu 
the solution of tins s.dt, a precipitate is formed, and a gas is given off, not consisting 
either of carbonic anhydride oi of siilphydric acid, (Brusowitz and Cathandor) 

Turti ate of thialdine crystallises in large pnsms. 


Derivatives and Analogues of Thialdine 

Eagl-ihiaUUitc,^!'^^- = C“H'“(C'’H=)H.S' — ChUmod, though not in the 
pure state, by saturating aldehyde with cthylamine, and treating the syinpy liquid 
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with auliihycb.’icaeid, it Hion separates aa a neutral, easily doeomposihle oil. (Flue ti- 
ger, Jahre3b..l866, p. 519 ) 

Methyl-tMaldine, 0“H'’(CH*)NS’, is obtained in a similar manner, by the 
action, of snlphydrio aeid on aldehydate of methylamme. (Fliickiger.) 

Mii’hyl-thialdammowiim,, C'H'®1TS* — ^Thialdine unites directly with iodide of 
methyl (mixed with an equal volume of ether), forming the compound C“H‘“W OH^I 
= C’H*“NS- 1, which aohdiflea in a crystalhue mass. This compound, when purified 
by washing with ether, and reorystalbsation (avoiding a boiling heat), behaves hlco 
iodide of totramothylammonium It is msoluhle in other, soluble in alcohol, some- 
what soluble in water, and is precipitated therefrom, without decomposition, by cold 
oaiistio potash, liy lajiling potash, however, it is completely decomposed, forming a 
brown resinous SiibsthBCe, smelling of aldehydo, which is litewiso produced when 
thialdino IS strongly heated with lodido of methyl. The acid-reaeting aqueous solutiou 
of the iodide, treated with recently precipitated silvor-oxido, becomes alkaline, and gives 
a precipitate of silvox-iodido , hut quickly undergoes complete decomposition, yielding 
silver-sulphide, aldohydoj^ammonia, and hydrate of totramotliylanimomuin 

40"H‘“NS»I -t 10Ag*0 -f- 8H'*0 4AgI + SAg'^S + 12C>H'0 + 3NH“ 


Prom its bohavioitr with iodide of methyl, Hofmann infers that tliialdino is a nitrile 
base, N(C'‘H'’S')"'. But, from recent experiments by Schiff (the details of wliich uro 
not yet published), it appeal's most probable that thialdino, and its homologues and 

analognoB, may be represented by tho general formula l>r.(C"H'°SH. By tho action 

of ammonium-Bulplude on am-ylie and mnantluc aldehydes, Schiff has obtained 
(C’HbSH 

acrothialdino, 0*H'»NS» nJcwSH, and mnanthothialdino, C^'fl^NS^ 

fC'H‘*.SH 
= C’H^.SH. 

ia’H'* 


TRXAAISTUASiBIITE. Syn. with METim.-TinAT.Sunii. 


TKtANlSOtC ACID. C'»H»SO* = O'^H'^O ffSO" (Stivdolar and 
WachtoT, Ann. Ch. Pbarm cm. 163.)— An acid containing the elements of anetliol 
or amto-eamphor (i, ’297) and snlphnrous acid, and (according to Stddolor and 
W a eh ter) identical with Limprieht and Ritter's auisoic acid (i SOS) To prop, ire 
it, anethol is boiled with nitric acid of speeiflc gravity 1‘1 ; the oil thoreby produced 
aogotUev with oxalic and a small quantity of auiaio acid) is reetifiod ; and tho 
distillate, which passes over between 215^ and 246°, is loft for some tinio in contact 
inth a concentrated solution of acid sodium-sulpbito and a small quantity of alcoliol , 
the sudmm-saltof thianisoic acid then crystallises out. 

The piiio acid is separated from the barmm-salt by addition of sulphuric acid, and 
rem.ims in the crystalline form, when tho filtered solution is loft to evaporate It has 
a stiuiigly acid and astringent taste, with sweet aftertaste, dissolves easily in water, 
alcohol, and ether , its dilute solution may bo boiled without decomposition. 

The crystals, which contain G"‘H''‘S0b2H-0, molt below 200°, and tho acid, if not 
more strongly heated, solidifies again ju the erystiiUme form on cooling, but on 
musing the teinperatore to 100°, tho water of crystallisation is given off, and tho acid, 
thou solidifies m tho amorphous stato on cooling At a stronger heat, it blackens and 
docoiiiposM, giving off sulphurous auhydiido, with an odour somewhat like that of 
unieo, but' of a fetid character. 

Thianisoates — ^Thianisoic acid is monobasic, and mostly forms crystalbsahlo 
s.ilts, easily soluble in water, sparingly eoluble in .Ucohol, insoluble in etlier 

The ammomtim-salt forms crystals resamblmg those of the aodiuni-salt, and coiitaui- 
iiig 1 at. water. 

The banum-salt, C®H“Ba"SW SIT'D, separates on mixing the concentrated solutiou 
of the sodinm-salt with bariiim-chloiido, in debcate laminse, and crystalhses from a 
hot aqueous solution in beautiful stellato groups , it may ho recrystallised, without 
alteration, from hot hydrochloric acid. It dissolves in 12 pts of cold water. Tho 
crystals give off 2 at water at 103°, and tho remainder at 130° — Tho calcimn-salt. 
0®'H^iCa''S-O“ 2H’0, sopiaratos frum a mixturo of tho concentrated solution of the 
sudmm-siilt with chloride of e.ileium, in shining needles, whieli dissolve iii water more 
roiubly than tho buinim-sall, and au- mojor.iti'ly soluble in warm alcoliol. 
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'Xba cup'ie salt eryatiiUises ftom a inixturo of thn bodiiun-salt witli cupric BulpUato, 
in Uncle Bhiumg liimiDse. 

The lead-salt eryatalliBes from a solution of the sodium-salt, mixed with nontriil 
acetate of lead, m thick -well-defined tables and prisms . — A baste lead-salt aepAmtes, us 
a -white amorphous precipitate, on mixing the sudinm-aalt with basic acetate of lead 
The magnmum-sidt, C®"H“Mg''S’0“ 6H*0, is likowiao obtained by donblo decompo- 
sition, and crystalhseB in raetaugiilai tables, moderately soluble in water and in 
alcohol. They give off 3 at. water at 100“, and the remaining 2 at. at 130° 

The silver-salt forma dolicate priamatic lamuioe, moderately soluble in water, and not 
decomposed hy boiling water. 

The sodium-salt, 0‘“I1'“S0^ H®0, prepared as iihore described, crystaUisos in warty 
groups of shining laminae, or m thin rhombic tables. It dissolves m 6 6 pts. water at 
moan temperature, sparingly m cold, easily in boiling alcohol. TIlo crystals are shghtly 
efflorescent, and give off their water at 100°. 

TBIAH-ISOi;. 0“H“SO. Hydride of Sulpf/anisyl.~-A white pulverulent sub- 
stance, foimed hy the action of ammonium-siUphido on amshydramido (i. 299). 

xaxSBSCHITEi. The name applied by Liebig to a deposit of calcic oxalato 
found on some parts of the Parthenon at Athens (See Oxauates, iv 264.) 
THIBTBAXinXHE. Syn. -With ErHYt-'muLi.nisiB (p. 773). 

XHlET'SiE. A resmoiis substance used as a varaish hy the Bm-nieso. It 
exudes from a tree in the form of n light-browu, voiy nscid liquid, of the cousistonco of 
treacle, but on exposure to the air for a few minutes, becomes quite bbick, and hard 
on the surface. The same change takes place instantly in contact witli caustic potash 
The resin spread in a thin layer, on wood or other sohd bodies, quickly forms a haid 
deep-black floating of great briUiaucy, 

On digestiug tlio unaltered substance with alcohol of 80 per cent, at a gentle heat, 
the greater part gradually dissolves, and on decanting the clear liquid from the in- 
soluble residue, aud distilling oflf tlio alcohol, thwo remains a very touaeious gummy 
residue of a rich brown colour, which imdergoos no change of colour on exposure to tlic 
air, but very slowly hardens In contiiot with caustic potash, however, it blackens 
like the original substance. 

The residue, insoluble in .alcohol, dissolves for the most part m ordinary etlior, 
forming a dark-brown soVution, and leaving a bght-brown solid resin. The clherenl 
solution, when evaporated, leaves a residue which, on exposure to the air, instantly 
becomes quite black, and rfter a short time nearly solid This then la tUo portion of 
tho original substance to which the property of blackciiiug on exposure to the air is 

The solid resm, maolnhlo in alcohol and ether, which forma but a small part of Uio 
original substance, is quite nnalterahlo in tho uir. When heated -with nitric acid, 
it yields a crystallmo subhmahlo acid, exhibiting tho chiU'iicters of suceime acid 
(H, Watts, UnptMishcd ISxpenmnts) 

XBIOBBSrZAIiBXIffZI. Syii. With H-iTJEinB 01? Suipiuzonnuzo-n, (pi 481). 
XBXOBESBZOIC ACID. C’H“OS = (Oloez, Ann. Ch.Pharm. cxT. 

27 ) — This uckI, aualogous totliiacotic acid, is produced by mixing uu alcoholic bolii- 
tion of potassmni-monosulphide with clilondo of benzoyl till tho liqxud no longer 
blackens lead-paper. A brisk action then takes place, chloride of pofcissiuin is 
deposited, aud thiobonzoate of potassium roinains in solution, togetlier xnth ibhylic 
bulphidc, cthyhc benzoate, and other products On distilling oif tlie alcohol over the 
■wator-bath, and mixing tho aqnoons solution of the rcsidtio with dilute hycirocKloi'io 
acid, an oily liquid separates, Tvhieh smells of mercaptan, and, when loft to stand in a 
cool placOj deposits tlnobonzoic aciil in colourless crystals. 

Tluoboiizoic acid, when purified by reerystallisatiou trom carbonic disulphido, foi-ms 
small rhombic tables, inodorous aud tasteless. It molts at 120° becoinos roso- 
coloured and gives off sulphidric auid botwoeii l60° iiml 180°, and doconiposes 
fiivthor at 300° yielding an oily diatilhito which solidifies on cooling The acid is 
quite insohiblo in water, slightly soluble m alcohol aud ethor, oasdy solublo in mor- 
cMptiin, etliylic sulphide, and carbonic disulijhido It dissolves witout decomposition 
in alcoholic potash, soda, or ammonia, and foms definite salts withbasos. iue aika- 
Inio thiobonzoates procipitato feme salts —The lead-salt is a white procipitato 
Mhylio thiobm^oate appo.u’S to ho coutaiucd in tho oily liquid from winch the acid iB 
deposited in the course of preparation above described 

TlSIOBEKrZoXt, or THIOBBWZOirEp-HTTBBIDia- Sco Dcim'^ATivi.& of Ben-’ 
ROYt-HYnniDI] (i. 071). 
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THlOSirrVSIC acid. C^H’OS —An ftcia homologous with tLiicetic acul, 
produced by thoactioii of phosphoric protosnlphido on butyric acid (i, 694). 

TUIOC APRIN'Al^DXITB. A compound, onulogouB to thialdine, formed, accord- 
ing to 'Wagner (Pharm. Cenfcr 1861, p 32), by tho action of sulphydric acid on the 
amraonia-eompoimd of eapric or rutie aldehyde (i. Ii'2). 

THIOCHRONTXC ACID. A product of the action of sulphurous acid on tetra- 
chlovoqumono (p, 29). 

THIOCnriroZi, C"H»S — A pulvomlent siihstonee formed, together with sul- 
phido of ammonium, by the action of sulphydric acid on hydrocmnamide (Ca hours, 
Coropt rend xxv. 468) : 

+ 4H^S =» 3C”H»S + (NH')-S 

THIOCCMOl, or THIOCITMIlsroi.. —A body produced from cumi- 

nol (cnminic aldehyde, by tho action of ammonmm-sulphido (li 183) 

THlOCTAN'ZSSiS, or Hydrothioeyanates —Salta formed by boiliug persulphocya. 
iiogen with alkalis. (Seo PEUsni.mioaTJi.NoaEH, it 381.) 

THXODIACETIC ACID, Soo THioDi 0 i.ycoii,ic Acid. 


..4«if,(0'H'SO'')''|Q. (B. Schulze, Zoitsolir. f. Oliem. 1866, p. Igl , .Tahrosb. 1865, 

r 315.)— The banum-Boltoi this acid,0®H'-Ba"N‘‘S*0'’.II'0, produced by treating tlno- 
Qigljcolliinide with cold barytu-watov, cvyatnUiscs, by oraporation over sulphuric acid, 
111 needle, 1, or forms a gummy mass if qiucWy dried The oeicl, C'H’NSO*, eepaiptcd 
from tho harium-salt by sidphurio acid, or obtained by heating the acid animomum- 
siilt for soveiiil days to US'", eryst.illisos m colourless prisms, permanent in Iho air, 
melting at 125°, and converted at higher toraperaturea into tliiodiglycoUimido. It 
dissolves slowly in cold, easily in boding water, foinuiig an acid solution which is 
not prccipit.ited by lo.id- or silvor-salts — Tho calcium~salt, C*iI‘'Ca"l?®S*0“ H’O, 
orystalliEos from a syrupy solution in small needles. — ^Tho aUvcr-scUt, 0*H®AgNS0®, 
may be crystolhsed from hot water. 

'CBZODZei.VOOI.XiAiaxBS, C'EWSO® = (O^H^Oy'lg , or TJnodiaodo- 

|n®. (Schulze, Zoc ei<.) — Tina compound is obtained by the action 
of neutral sulphide of ammonium on ehloracotamido m alcoholic solution. The reac- 
tion, which consists in tho substitution of 1 at S for 2 at 01 la a doulilr molecule of 
chlor.icotamide, seems to show that tho sr coud of tho abovo fonuulii! is tho more oorreot 
expression of the composition of tho product 

-s (NHVS -s 2OTI'C1 4- 


The product, after washing with alcohol and rocrystallisation from water, forma small, 
white, quadratic octahedrons, which melt when heated, and then decompose, giving off 
tlio odour of iimiiiouium-sulpliide 


or |o^ (Schulze, Zeilschr, f. Chom. 1866, p. 73; 1866, p. 181; 


Jalircsb. 1864, p. 325, 1865, p 345 — 11718110011113, Zoitachr. f Chem. ISOS, 
p 621 ; duhresb. 1866, p 344 ) — This acid, which h.as tho composition of diglyoollie 
acid (ii 912), with 1 at oxygen replnocd by sulphur, or of a double moleciilo of acfliC 
acid (C'‘H®0‘) in which 2 at. hydrogen are replaced by 1 at. sulphur, is produced ' 
1. By boiling thiodiglyeollamide with baryta-water us long as ammonia is evolved . 


C<H»hr-SO“ + 2S»0 = 2NH« + G^H^SO'. 


By precipitating tho solution of tho resulting harinm-salt with acetate of lead, decora- 
posing the lead-salt with sulphydric neid, and ovapoiuting the filtrato, thioiiiglycollic 
acid 13 obtaiued m crystals. (.Schulze) 
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ih 

2 Etliyliettnodiglycollate, (C'H*)^SO-', is produced by the action of potassmm- 
sulpliydratB on ethylie cbloraeetato : 

2C=H''(G“H')C10“ + EHS = O^H*(C«H“)«SO‘ + KOI + HCl. 

This ether, treated with atcoholia potash, toIUb thiodiglycollate of potassinm, -which 
may be converted into a lead- or ailver-salt by precipitation, and from this the acid 
may ba obtiiinad (Wialieonus.) 

Thiodiglycollio acid crystallises in large, thin, rhombio plates (Sehnlzo). It 
melts at 129° (Schulze), at 126“ (Wislioonua), volatilises completely whan cau- 
tiously heated, dissolves in 2 37 pts. of water at 18“ and is soluble lu alcohol The 
■iqiiooiis solution is precipitated by lead- and silver-salts The acid is not attaelcod 
by fuming hydrochloric acid, even, at 150° — 180“ , but when heated to 160“, willi 
excess of hyiryjdic acid (boiling at 126“), it is reduced to acetic -acid 
O^H'SO^ -t iin = 2G“H^O* + H-'a +*2P. 

The thiodiglycoUatos are mostly soluble in water, insoluble in alcohol, and easily 
crystallisable. — Tlie acid ammonmm-salt, obtained by treating monochloracetato of 
ammonium with nlcoholio sulphide (? siilphydrate) of ammonium, crystallises in octa- 
hedral forms, mostly prismatically distorted. 'Whenheatedto 180“-^200“, it gives otf 
M ater and ammoma, and leaves thiodiglycolhmide, USD’ fS c h ul zo) — ^Tho miti ul 

2>otaasmm-sali ciystalhsos in broad colourless piisms, wbicn pve off 1 at. water at 
120“ (Schulze). 'Wislieonus, by the action of alcoholic potash on ethylie thiodigly- 
oollate, obtained it m thin needles, containing 0'H-'K''B0-' H'O — The acul pofassiiuii- 
aalt 13 auliydroiis, permanent in tiie air, and loss soluble than the neutral salt 
(Schulze ) 

The iannm-sak, 0®13a"S0^ in the anhydrous state, forms sparingly soliihlo crys- 
talline crusts By loavmgitforsouiotimeincontactwiththeinolhor-hquor, ahydratod 
salt, C'H*Ba"S0' 5H-0, is obtained in prismatic crystals, wliich are pornmnout m tlie 
air, but become opaque and anhydrous when immersed in hot water. (Schulz e.) 

The ou^m suit, C^H^Cii"SO^ H'O, is formed, on mixing modei'atoly concentrated 
solutions of the amnioimim-Salt and ciiprio siilphato, as a bluish-white crystalline 
precipitate, whicli, on heating tlio liquid, is converted into bluo crystals of the anhydrous 
salt. (Schulze) 

The neutral lead-salt, 0‘H'Pb"S0‘, is crystalline, soluble in hot water and in dilute 
iiitoo acid — A hasio kad-aali, C'in''Pb"SO' Pb''0, is formed when the ammoniuni-salt 
IS mixed with basic lead-acetate at the boiling boat. — The stiver salt is a floooulunt 
pi'ocipUate — The sinc-sult erystollises with i at water in sparingly soluble rhombic 
plates. 

Etlii/lia TtuodcglycoUate, C'H^(C®H'‘)'SO*, is obtained -—I By saturating the alcoholic 
solution of the acid with liydroelilorio acid (Schulze).— 2. Together with othci.’ pro- 
ducts, by the action of pot.issiiini-siilphydrato on othylic iiionochloraeotato On tvoatiiig 
tho product of this reaction with water, a fetid oil is soparatod, which, when rectified, 
yields elhybc tliiodiglyeollato between 267“ and 268° (W islicouiis) This ether is a 
colourless liquid, whicli has a faint etliuro.d odour, is insoluble in water, distils, for tho 
most, [lart undecomposecl, at 210“ — 260“, and, when treated with alcoholic ammonia, 
yields thiodiglyeoUamido. (Schulze) 

TBZODIC1:>YCOX.I.IC CHliOBlSB. Thiodiglycollic acid, treated -with pciita- 
ehlorido of phosphorus, form’s n colourless chloride, difficult to purify, which yields 
■witli alcohol a sulphurottod oil, insoluble in water, and apparently not identical with 
ethylie tluodiglycollato, innsmneli as it is decomposed by ammonia, with formation of 
aminonium-suiphiJe. (Sehnlzc) 

THI0l>IGXiVC0liX.X0 BTHEB. Syu. With ETKVLia THroniGuvcoiiATB (wd. 
sup ). 

{G^r 

THIODICIiVCOJ^IiIItSIDI], GOTESO® = (C“ffO)"ln, or THZODIiLCi:- 

H J 

TlmxSE, ^ I is formed by tho dehydration of acid thiodiglycollate of am- 

iiionutm, and is deposited from a hot aqueous solution, decolorised by animal chai-coal, 
I n thin prismatic needles or laminiu It is sparingly soluble in cold water, molts at 128°, 
a nd sublimes undecomposecl at a higher temperature. On mixing its slightly ammoiuacal 
solution -with nitrate of Sliver, argento-thiodiglycollimide, G<H'AgNSO“, is 
pici'ipitated in white fiochs, which are decomposed by boiling. — bai-i/ia-water, .it 
Ibe boiling heat, tho luiido is converted, witli evolution of ammonia, into tliiodigh- 
cullato of barium , lu cold baryti- water, oii,tliootlurhaiid,itdis3olvo.saathiodigli- 
oolliimate of barium fp 776). (Schulze.) 
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ICHIOFORKIC ACID. A compouud, pvoTjaUy homologous with tCiiaeotio aoid, 
produced in small quantity by tho action of sulphydne acid on formate of lead, at 
t!0Q°-~30O°. It forms small transparent crystals, winch havo an allmcaous odoiu’, aro 
luEolnbla in water, may he rocryatalliscd from alcohol, molt at 120°, and siihhnLe at a 
lower tomperataro. They are inaoluhlo in sulphido of ammoniimi, and dissolve hut . 
slightly in hovhng poUsh-ley. Thoir alcoholic solution, which does not redden litmus, 
forms with aeotato of lead a yellowish, and with silver-salts a whitish precipitate, 
both of which arc hlactaned and docompossd hy heat. (Limprioht, Ann. Oh. 
Pharm xcvii. Sfil.) 

THlOPDCtrSOD. A body annlogons and very similar to thiofiu’fiirol, pro- 
duced hy treating lueiisol m alcoholic solution with srdphydno acid By diy distilla- 
tion, it yields a prodnet of decomposition callad pyrofueusol, which erystalhscs in 
noccllea, and has prohahly tho same composition us pyrofinfiirol. 0“H*0’. (Stenhonso, 
Ann. Oh. 3?hai-m. bemy. 293.) 

THIOPUiaFOI.,*ar TaiOFDDFDlIOI.. C'll'OS —A compound formed hy 
the action of nmmoninm-sulplude on furfurol, or of sulphydrie acid on fiirfmnniide 
dissolved in alcohol. (SOo BrntFOBOi., u. 763.) 


TBIonCEDANTtO ACID, Tho hlack mass produced hy heating alcohol with 
excess of snlphnrie acid. It was foiinorly supposed to consist of carbon, hut, .icoorduig 
to Erdmann (J. pr Ohom. xxi. 201), it is a sulphnrotted acid, capable of forming 
salts with potash and other hase.s. It has not been obtained in a sufficiently delimtu 
state to cnnhle its composition to be determined with aoeumey, .vnd is probably a 
mixture. (See Crmehn’s Sandboob, viii. 210.) 
tTBlOlttBTBAXDilTS. Syu witli HsTarL-TBiAUiiNn (p. 771). 


THIOBAMIC ACID. NH’SO* 


H= 

(sor 


• Q Svlfit-ammon . — This acid, whieii 


differs from acid .sidphito of ammonivun (NH* H SO") by tho want of 1 at water, is pro- 
duced by tho action of dry ammonia-gas on an oxcoss of sidphnious anhydride It is a 
crystallino volatile substance, ofnyoUowish colour (perhaps duo to impui’ity), and very 
soluble in water. In tho moist state, or lu solution, it quicldy imdorgoos a coinploto 
decomposition into sulphate of ammonium, trithionato of ammonium, and other pro- 
ducts, When sulphurous iuiliydi-ido is mixed with oxcosa of dry ninmonia-gas, two 


volumes of tho former unite with four volumes of tho 1 attor, forming t h i o n a m a t o u f 
ammonium, (SO)" 1 q, which is on amoiThons, volatile, neutral, deliquoscqut salt. 


speedily decomposing in solution. (H. Eose, Pogg. Ann. xxxiii. 276; xlii. 420; 
Gm 11 466) 


THIOHAKIDS. N«H'(SO)".— Produeed hy the action of sidphm-ous chlovido 
on dry ammonia ' 


4NH» + SOOP = 2NH'01 + N=H‘SO, 


Tlio sulphurous chloride should bo well cooled, and tho ammum.i-gas passed in 
slowly Tho product IS a white, pulverulent, non-erystallmo solid, from which tho sal- 
amiiiuuiac may ho extracted by cold water. Thionamido is converted by hot water 
into neutral sulphite of ammonium, from which it differs hy 2 at water (NH^)“S05— 
2H''0 = N'H''SO It 18 instantly decomposed by alkalis with ovnlution of ammonia, 
and hy acids with evolution of snlphnrons anhydride, (Schiff, Ann. Ch. Phaim, on. 


traxoiffAPBTBADIc ACID. Syn, With KrAPiiTiiTtsoLPHiJEons Acid. (See 
Suirnunous Ethbijs, p, 660.) 


I'BIOBAPBTBAlffiXC ACID, more properly, BAPHi;HYI.SUaPHAIWIO 
ACID, OWE'ESO’ = (SO’)" I" (Pina, Ann. Oh. Phya [3], xxxi. 217.)— This 

acid 18 produced, together with naphthionic acid, with which it is isomeric, hy tho 
action of ammomum-siilphito on nitronaphthalciie Tho oraiigo-yollow crystals ob- 
tiiinod in tlio prep.iiation of naphtbionio acid (iv. 17), consist of naphtbylsulph.im- 
ato of ammonium. Tho acid has not boon obtained in tho froo state , on nttoiuptiug 
to docomposo a thionnphtliaiunte with on acid, even with acutie acid, it is resolved into 


I ’r.ally prepared hy dmihlo dooompositiun from the 

. ■ _ and rcaoinhlo each other 111 .ippoarani'e and Cdloiir 

hey UBUuIJy crystallise in hirgo nacreous huniuaiof uii amethyst or reddish colour. 



THIONESSAL— THIONUEIC ACID. 779 

They undergo dneoniposilion by exposure to tho air, their solutions becoming rcddish- 
broivn Heat and light assist this decomposition, while the presence of alkalis confers 
stabihty on the solutions Distilled with lime in excess, the naphthylsulphamatos 
yield naphthylamino in the form of an oil which crystallises on eoohng 

The amnrnuum-salt is obtained in ci'ystals by dissolving the crude salt, prepared as 
above dascrihad, in 2 pts. of boding water contoming a few drops of ammonia, and 
cooling the solution It forms small, reddish, nacreous lamin®, the solution of which 
becomes more rapidly coloured than those of the other salts It dissolves very easily 
lu water, and m alcohol. When its perfectly neutral solution is heated between 80° 
and 90°, the water bomg replaced as it eyiipoiates, it becomes coloured, and strongly acid, 
deposits i brown rosm, and pelds sulphate of naplitliylamino. 

Tho poiasemn-salt, C’“H®KNSO^ is obtained by boilmg tho aidmoniiun-salt with 
excess of potassium-carhonate, till it ceases to evolve ammonia. . On cooling, large 
nacreous lamiuK oryataUiso out, resembling boric acid. The salt is very soluble m 
water, but only ehghtly soluble in alcohol, and in aqueous potash or carbonate of 
potassium. — The soaiwa-salt, 0'“H“NaS0*, prepared in like maunor, forms reddish 
laminae, easdy soluble in hot, but sparingly in cold water, pspocially in presence of 
sodium-carbonate 

The barmn-salt, 6H’0 (?), is prepared by double decompositiou 

with chloride of barium and naphthionate of potassium — Tho calcium^sa/f, 
0“H’“Ca"lSP*S®0“, and tho magneszwm-aalt, C-’°H'*Mg’'H^S*0'’, are very soluble. 

The lead-salt, 0-''’iI*'Ph"N-S*0“, is prepared by decomposing a boiling solution of 
tho potassium-salt vnth nitrate of lead, tidcing cure that the pofassuim-salt is m excess 
When tho nitrate of lead is in excess, a double salt is produced, which aiipoars to contain 
equal numbers of atoms of thionaphthamato and nitratoofloud The tluonaphthamate 
of load is deposited from its boiling solution in orystaUino grains, which may bo piraflcil 
by a second crystallisation. It then forms a light, crystallino, reddish powder, very 
slightly soluble in wnlor, and almost msolnblo in alcohol. 

Aceiato-t/iwnnphthamaie of load, 0<H“Ph"0< C“H>"Pb"NW“— When coneeutratod 
and nearly boibng solutions of potasBram-lhionaphtlinmato and load-ncotato are mixed, 
tlio latter being in excess and acidified with acetic .void, there is deposited on cooling a 
double salt, crystallising in reddish micaceous lamiuoe grouped around a common 
ouutL'o. It is vary slightly soluble lu cold, inoro soluble lu hot water 

TBIOITESSAl, C“H'®S. Schwefelcssal. Schvicfelesyl. (Laurout,Ann Ch Phys 
[3], 1 292) — A compound produced, together with stilbene, by tho dry distillation of 
thiubenzol ; 

80»H«S = C“H'“S -H 2C“H'^ + 2CS^ + 3H»S. 

Thiobenzol Tbionusal Stilbonc. 

It IS obtained, from tho portion of tho distillate msolnblo in othor, by solution in 
petroleum, and ciystallisee from the hot solution in silky needles It is very sparingly 
soluble in alcohol and othor, more soluble in petroleum. It melts at 178°, often 
romams liquid tiE cooled down to the ordinary tompcmtiu’e of tlio air, and tlieu 
solidifies without assuming a crystalline stnicturo When hoatod to 233°, itcrystidli.ses 
as soon as a crystal is thrown into tho liquid mass. It is decomposed by potassium, 
with formation of potus,sium-stilphido. Alcoholic potasli-soliitiou does not decomposu 
it, even at tho boiling heat By boiling mtno aoid, it is slowly converted into a yellow 
crust of t0traiutrotUionosa.il, C'*'"H"(NO®)^S. — Bromine attacks it_ violently, 
forming a solid mass of tetrabromothionoasal, C“H‘''Br‘S, insolublo in alcohol, 
ether, and petroleum. 

TBIOvnmsa ACXIt. j'Pfoa;amosidpterot«s<MW(Laureiit) G^H'hPSO". (Liebig 
and AVohlor, Ann Oh Pluirm. xxvi 268, 314, 331.) — An acid formed by the simul- 
taneous action of amiiiouia and sulphurous acid on alloxan (i. 137). It is obtained by 
docompusmg its lBiul'S.ilt with sulphuretted hydrogen, and evaporating tho filtrate at 
a gentle heat. It forms a crystiUino mass, consisting of fine .noodles it is permanent 
lu the air, reddens litmus strongly, and has a very sour taste. It is readily soluble m 
water ; when tlic solution is boiled, it is doeomposod into dioluramido, which separates 
out, and sulphuric acid : 

C'H‘N»SO“ + WO = 0'WW0> + H^Oh 

It IS a dibasic acid. 

Tiio normal ammonmm-saU, C‘H“(NH'‘)WS0*.H®0, is obtained by boiling for some 
time a, mixture of aqueous alloxan and siilpliurous acid, saturated with ammonia , or .i 
mixture of aqueous sulphite and carbouato of ammonium, and alloxan , tho salt crys- 
tallises, on eoohng, in four-sided tiihlos, winch loso 6 per cent. (1 at ) ivator at 100°, 
assuming a roso-colour It is slightly soluliloin cold, leiidily iu hut water, tlio solu- 
tion reduces mutalhc silver from mtrato of silver, iii fho specular form. When fused 
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with solid potash, it yields sulphite of potiissium. Miuoral acids decompose it at a 
hoiling heat (not in the cold), into dinlnramido and sulpliufio acid By prolonged 
heating to 200°, it is for the most part resolved into sulphate of ammomiun and xan- 
thiniue, 0*HW0> (Binek, Ann. Oh Fharm, exxxii. 298) • 

O^H»(l!fH<)WSO« = (NH'>)’SOi + C'HWO'. 

The acid ammomum-scdt, [C*H''(NH'‘)N“S0‘], is obtained in fine white needles, hy 
evaporating in a water-hath an aqueous solution of the normal salt with a small 
quantity of snlphiu'ic acid . if the salphiuio acid is in excess, duiluramido, lu-amilie 
iicid, and finally dialurie acid, is formed. The aqueous solution of this salt is deoom* 
posed by boiling into sulphate of ammonium and diulimo acid . 

C'lPW’SO" + 2H’-0 = CTON»0‘ + (Nff)''SO‘. 

BUluric add. 


The harinm-aalt is obtained as a floeeuleut precipitate, which gradually hocomcs 
crj stalline, when the ammomum-sult is added to chloride of barium It is readily 
soluble m hydroehlorie acid , boiled with nitric acid, ityields sulphate of barium, but 
no free sulpmmo acid. 

The lead-salt is obtained hy adding thiomuate of ammonium to neutral aeetiite of 
lead. It is a gelatinous precipitate, which, on cooling, aggregates into tufts of while or 
rose coloured needles. By dry distillation, it yields urea, and another oiystallmo 
product. 

With sulphate of copper, Uiionvirate of ammonium gives u yellowish-brown precipitate, 
wluth is probably u cuprous salt. 

Gregory (Compt. cbim. 1845, p. 118) mentions a peculiar acid, containing the 
elements of thiomino acid minus ammonia. F T. C 

THIoiTYIa. SO — ^The radicle of tho sulpliurotis compounds; ey., bulphuious 
chloride. (SO)''CP = chloride of thionyl (p, 642). 

TKioxTYi^Ancic ACID. ,Syn. mth TinoNAino Acid (p. 778) 

THIOKTYtAMIDB. Syn. with Thionaiudb (p. 778). 


■SaiOPHOSPHAMIC ACID. PH^NSO® 


lisr 

o» 


P(NH“)H*S0''. 


Snlyhoxifyhosphalmo Aovl. (Gladstone and Holmes, Chom Soo. J. sviii 7) — This 
lu id IS funned by the action of aqueous ammonia on siilphochloride of pliosphurus 
(Ilospecting the mode of formation of this and tho following acid, see iv. 608 ) Tlio 
bulphochlorulo added to strong aqiiootis ammonia dUuted with an equal hulk of water, 
dissolves slowly on agitation, and forms an acid liquid containing sal-ainmoni.io and 
tliinphusphamic acid The Litter has not been isolated, but its iiontrahsed solution 
yields, with solutions of heavy metallic salts, a senes of salts resembling the tluophos- 
plioiliamates {in)ra), and represented by the formula PNH'W'SO® No precipitates 
are obuiued with solutions of nickel, cobalt, iron, ahuninnim, haruim, calonim, or mag- 
nesium A solution of potassio-stannoiis chloride forme a white tnilky procipitato, 
Biiliible in hydrochloxic acid. Mercuric chlorido throws down yellow meremne snlpho- 
I'hloride, which, in presence of excess of tluophosplmmic acid, turns black — a roaotion 
wlueli may servo to distingmsh this acid from the following 

TaiOPBOSPaoDIAltllC ACID. PH'N^SO = (PS)"'|q* = P(Nff)“HSO. 


Sidphaxypliosyhodiamic Acid (Gladstone and Ho lines, foe. eii ) — Araonobasio acid 
formed, together with sal-timmoniilc, by the action of amnionia-ga.s, or of tho strongest 
.iqiteous solution of nmnioma, on siilphochloride of phosphorus. Tho sulplioelilonilo 
takes up about 4 at, aranionia (40 per cent of its weight), and is converted into a 
while mass, o.isily soluble in water, and forming an aeid solution, winch, wdion 
neutrahsetl, yields thiophoephodiamales, r(NH“)=M"SO and P^(NII')*M"S-0’, 
bj douhlo decomposition. Tlieso sidts decompose when heated, giving oif ammuma 
and anlphulo of ammonium — ^The mpnc salt, P-N*H“Oa"S-0^, is a yellowish-whito 
precipitate, msoliihla m dilute hydrochloric acid and in ammonia, soluble in cyanide 
of pot.i.-.siuin, and tuninig brown when heatod.— The zinc-salt, P-N'Ii"Zn”S’0-, i.s a 
white floccnlent precipitate, easily aolnblo in dilate acids and in ammonia — The 
cadmium-salt, P-'N'll‘’Cd’’S’0“, oxliibits similar properties — ^The kad-salt is obtained, 
on adding ehlorido of load to the neutralised solution of the acid, as a whito precipi- 
tate, soluble in dilute mine acid, and turning black when heated with water. — The 
Bilver-scilt was obtained, mixed vnth silvei'-ehlorido, as a white precipitate, msoluhlo in 
dilute nitric acid, turning black in presence of excess of silver —Sfsnjiows chloride 
and mcrcurus cUonde form white precipitates, tho latter of which quickly passes 
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into tli8 yellow componncl, HgSHgCl“, lint is notimder any cireranstancos conveited 
jutn block siilplnde of inta'cury — a cltoacter wliieh distinguishes tlnoiihosphodinmie 
from tUiopliusphumic seid. Tlio filtered solution contains an acid not j'otcxaiiiined — 
(lohcdt-ioUs giro a bluiah-whito, nuM-aalts a greenish- white precipitate, both of which 
are soluble ludilute acids and in&Tnmaa.\!i.—Barimi-,calciurri-,magnesium',ahmiimum.-, 
and firrio salts give no pi'eeipitato. On attempting to isolate the acid from its sdvor- 
or copper-salt, a liquid w.is obtained, winch, when evaporated ovnr oil of vitriol, 
decomposed with separation of siiljihur 

THlOSASiICOIi. C’H“OS Sidjihosalwylio Hydride — A compound produced 
by the action of sulphydric acid on hydrosalicylamide (pi. 218). 

THIOSIJffAlVIIliirB; 0^11*11*8 = AUyl-sidphioariamide. Ehodallinc. 

( H’ 

—This compound is formed by the union of the elements of 1 at. allyhe siilphocyanato 
with 1 at animonia. just as aUyl-carbnniide is formed by the union ot amnioiiui and 
nllylic cyauato. It was diseovetod, in 1831;, hy Dumas and Pelouzo (Ann. Gh. Phys. 
[2], liii 181), afterwards examined hy Aschoff (J. pr. Chom iv. 314), Lowig and 
Wcidmanu {ihd xix. 218), Rohiquot nndBussy {iM xix. 232), and more eom- 
plotoly hy Will (Ann Ch.Phorm. In. 1). 

P> duration . — ^By saturating oil of mustard with ammonia-gas, or mixing it with 
3 or 1 times its hulk of strong aqueous animonia, and leaving the mixture to stand till 
It IS converted into a crystidbne mass. If the mother-liquor filtered from these 
crystals be evaporated, to expel the excess of ammonia, and Coiled with animal chav- 
cual, a oolbiu’less liquid is obtained, which, on evnporation, yields crystals of pure 
thiosinamine to tlio last drop. It is best to nso pure mustard-oil in the preparatioii, 
us the crude oil, when ti-eated with ammonia, likewise forms a yoUoiv resinous siih- 
btnnco, which cannot bo removed without loss. 

Pioyertm —Thiosinamine, pnriftod, if necessary, by rocrystallisatioii, forms white 
shining prisms, whidi (according to Schahus) boloug to the monoclimc system, and 
are cleavahlo parallel to + Pco and oP. It is inodorous, hut has a bitter taste Molts 
at TO'fio (Dnraas and Poloiize), at 74® (Wortlieim), forming a colourless liquid, 
which cannot be volatilised without decomposition. In moderiito doses, it docs not 
exert a poisonous action on the hmuim orguni.sm, but iieverlholcss produces sleepless- 
ness, palpitation of tho heart, &;c (Wohler and Piorichs, Ami Ch. Pharm Ixv. 
3t2). It IS neutral to legetable colours, but nevertheless exhibits some of tho 
chiiractors of animoiiia, cspeoially m the faoility with which it dissolves oxido and 
chiondo of silver It dissolves in hot much more readily than m cold water, and is 
easily soluble in alcohol and ether. 

Thiosiniimme exhibits tho same properties, whether prepared from natural or from 
aitiftoml mustai'd-oil. 

Bccoinpositions. — 1, Tluosinarame is completely decomposed at high tamporaturas, 
sulphocyamo acid and otlisr volatile products being fomod, and charcoal remaining 
buhmd — 2 By oUoti olysia, it yields sulphurous and liydrocyume acids, and a yollow 
Biilphiiretted organic compound, which is deposited at the negative pole (Sehlagdon- 
liaiiffen, J Pharm [8], xliv. 100). — 3. decomposes it m aqueous solution, 

forming large quantities of hydroclilorio end sulphuno, but no sulphooyeuic acid 
(Aschoff) — 4. Bromine (according to Aschoff) forms a white precipitate with 
thiosinamino , but, according to Maly (Bull. Soe. Cliim. [1867], ii. 129), this takes 
place only whan tile thiosinamine is impure. An alcoholic solution of pure thioMnu- 
rame dissolves bromiuo, without elimmatioii of hydrobromie acid, and the solution 
yields, by evaporation, crystals of hydrobromate of bromothiosinamiuo. — 
6 /odwieaddediusufflcient quantity toaqiieonslliiosinamine separatesabrown oil, tho 
watery liquid then exhibits aciij reaction, and when boiled deposits a white siibstanco 
containing iodine and bulphiir — 6. Dilute jdiosphorie and suPjtkunc aeids, heated with 
thiosinamine, ovolvo sulphoeyanic acid — 7. Jditno acid oxidises it — 8. Fatassium, 
heated with it to tho melting-point, decomposes it with explosion. — 9 Baryta-water 
decomposes thioainamiiie at the boiling heat, forroiiig siilphido and carbonate of 
barium. But little ammouia is evolved, and the filtrate, when evaporated, leaves n 
non-ciystallino and scarcely .alkaline syrup, which appears to be a base different fa-oin 
siuamine The other fixed alkalis act like baiyta — 10. The protoxides of lead, .ind 
jKCTCary ahstnict from thiosinamme sulphur and hydrogen, a iiietallie sulphide and 
water being formed, together with sinamine 

G'H"N-'S + Hg"0 = C'H“N> + ng"S + H^'O. 

11. The aqueous solution of thiosinamine forms a white precipitate with mcreimo 
salts, gi’py with merenrons salts, browmsh-yeUow with triehlorido of gold, white with 
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nitrate of eilver, &e. It gradually decolorises ferric oHoride, and forms a floeculont 
preoipiLate on toiling It likewise decolorises a moderately strong solution of euprie 
snlptate, tlio hqnid then depositing blue flocks on addition of alcohol Wlien warm, 
it dissolves recently precipitated chlorida of sUver, tho liquid becoming milky as it 
cools, and depositing a pitchy substance, containing thiosinanuno and chloride of 

ComMnations. — Thlosinamine does not form crystallisable salts with mlphuno, mine, 
acciie, or oxedw acid. 

Tho hydrochloi'ate, C‘H®1T‘S.H01. is produced by passing dry hydrochloric acid gas 
over dry thiosinanuno at a gonflo heat. The product gives off vapours of hydroehlorio 
acid when exposed to moist air, ^ ilL) 

Tho chlm-nplahnate, 2(C>H:WS HGl) PtOT, is obtained by saturating tluoBinamine 
inth hydroohlone acid gas, and mixing tho cold aqueous solution of tho resulting 
liydroclilor.ito with platimc chlondo It is a yeilowish-red procipitato, consisting of 
needle-shaped ihombic crystals , melts and blackens at a gentle heat, and decomposes 
lit higher temperatures, leavmg sulphide of platinum If tho liquids ore mixed hoi,, 
or if the platimc chloride contains nitric aeid, or if a dark-eolonred solution of tlpo- 
sinnmine in aqueous hydrochloric acid is used, precipitates of variable composition are 
iormed. (W ill.) 


A cJdoromereuraie, containing 2Hg"Cl'.0*H*N’S, or IIg"Cl' -t 2HCI . C*H“ , 

lH.Hg" 

IS obtained, as a onrdy whito precipitate, by mixing the aqueous soliitions of merourio 
chloride and hydrochlorate of thiosinaimno. It is soluble in aeotic acid (W ill.) 

A compound of tbiosmamme with nitrate of silver, NCAg C^E’N^S, is prodnoofl, 
by muting the concentrated aqueous solution of thiosinamino .and nitrate of silver, as 
a white crystalline precipitate, which, after washing with water, and cbying at 
100°, forms a groonish-whito mass, slightly altoifiblo on exjiosiiro to light lioihng 
water decomposes it into suljihido of silver, and otlior products not yet exanuuod 
Aqueous sulphydrio acid converts it into thiosinaniine and sulphide of silver 
(Will.) 


Dcnvaiivcs of Thminamme. 


SromotUlOElnamlne, C''H’BrN“S (Maly, J. pr. Cham. c. .S21 ; BtiU Soo. Chini, 
[1807], ii 129.)— Tho hydrobromate of this base, C'H’BrN'‘S EBr, is formed, as al- 
ready observed, by tlio du'oet addition of bromine to tbiosuinmiue in aloolvobo solution, 
1 lit thiOBiniimine taking up 2 at tromine without evolution ofliydrobromio aoid. It 
separates, on evaporation, as a erystallmo mass, soluble m water and in iiloohol, It 
melts at 146° — 147°, and at a higher temperature gives offvapoiu's having tho irritat- 
ing odour of allyl-eompounde, and loaves a very porous cinder Its aqueous solution 
forms, with nitrate, of silver, a copious precipitate of chloride of silver, and with plultmii 
cUoncle, bnlliant orange-yellow scales of tho chloroplatinate, 2(0*H’BrN'‘‘S HBr). 
PtClt 

ChloruLe of silver added to the aqueous solution of the hydrohromiito removes half 
the btommo, forming bromide of silver and hydrochlorate of bromothiosina- 
niine, C*H’BrH’S.nCl, which is soluble in water and in alcohol, and is deposited 
from tho aqueous solution in crystals grouped like wavellito,— from tho .ikohohc soln- , 
tion in mote bulky rawstals, upp.irontIy belonging to tho mouoolmio systom, It melts 
at 129° — 130°. — phtiuio clUon&, it forms orange-yellow shining scales of tlie 
chloroplatinate, 2(C'E’BrH°S.HGl)BtCl'', insoluble in boiling alcohol, soluble in 
boding water, and partly decomposed tlioroby, and with mirio ohlorule a dork rod- 
purple precipitate of a chloroaurate, together witii broinido of gold. 

Hydrate of bromotlaostnammonmm, G'H'‘BrN^S H 0 — A solution of hydrobromato 
of bruinotlnosmiimine, treated with oxide of silver, yields bromide of silver and a 
strongly abiabne bitter liquid, which may bo evaporated to a syrupy consistence , and 
wlien treated with hydrochloric acid, yields hydroehloiato of biomoLliiosiii.imine. 

Arayl-thlosluaRiine) obtained by the direct combination of allylio sulphocya- 
nate with amyUmme, is an imcrystalliaahle syrup, which yields a crystalline chloro- 
piatinato (Hintorhergor, Ann. Oh. Bharm. Ixxxiii 348.) 


Etliyl-tlilosinamlae, G“H’°N-S 




— Thiosmethylamne. 


(Einter- 


( IP 

liorger, loe ait. — AVoltzien, Ann Ch Bharm xeiv. 103 V— Bormedby the direct com- 
bination of allylic Bulphocyauate or snlphoc.irbiiiiide, E(GS)"(C®E®), with etbylainine, 
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N^O-H'')H® fHinI, orlit'rger), or as a hydriodate, ty tho flctioa of ctliylic iodide on 
Uiiomnammo. (AV eltaion ) 

Oil of mustard absorbs gasooiw ethylnmino with considerahlo rise of temperature. 
Liquid fitliylammo hisses when dropt into mustard , and on adding the oil to liquid 
ethylamine, it is thrown out by tho violoneo of tho action. When othylamine was 
qi.issud in oseoss into mustard-oil cooled with ice, a thin sympy liquid was formed, 
huving tho odour of ethyiuinine, and a bitter aioniatie taste This liquid, after trtand- 
iiig for some time, hocame red-brown, but did not yield erystils, or form erystallisablo 
.‘..iltb with acids ; when heated, it gave off whito fiimes, which condensed to oily alha- 
lint ’ ' ' ” id-rod colour with feii-ic chloride. (Hintorh ergor ) 

1 • ■' .HI, is obtained by heating thiosiniiminc with othylu; iodide 

in lueonoiiu soiuLioii, ana evaporating, as a wluto, feathery, cryetnllino iiiass, resembling 
sal-ammoniao It cbssolves in water, alcohol, and ether, and turns yellow in the air 
from sep.iraliou of iodine (Weltzien) — ^Tho 'hydrocldorate is (}htn.ined by decom- 
posing the hydriodato with oxide of Bilvor, precipitating the excess of tho silver from 
the filtrate ivith hydroelilone acid, and evaporating tho filtored aolntimi The residue 
IS a syrupy uncrystallisablo m.ass, soluble in water and in alcohol. (Wolteien.) 

I’laiinnm-saU, 2(0*11’ WS HCl)PtCl*. — On sotnrating tho syrupy liquid obtained 
by the action of mustard-oil on othylamine with dry hydroelilone acid gas, dissolving 
the resulting nsoid mass in ahselute alcohol, and adding an alcoholic solution of 
platmio chloride, yellow needle-shaped crystals of the platmum-salt quickly separated ; 
tho mother-liquor, when left to itself for some time, yielded crystals of more deflnito 
sliape (Hiutorborger). Woltzien’s hydrochlorate mixed with chlondo of platinum, 
yielded a yellow, easily soluble, indistinctly crystallino mass 

methyl-tblosluamlne, obtiuned like the ethyl-compound, is a brown unerys- 
hillisable synip, which yields a crystalline chloroplatinate. (Ilintorbergor.) 

Waphtbyl-tliloaiiiainine, C”H' WS = N*(CS" TIausin-napkfht/l- 

amim (Zinin, I. pr. Chem. Ivu 173 ) — This eomponnd is produced by adding 80 pts. 
of mustard-oil to a solution of 4SptB. of nnphthylamine in eight times that weight of 90 
per cent, alcohol, and separates after awhile in crystals, grouped in small, white, radiated 
hemispheres, tho motlior-liqiior yielding an additional qiKintity when evaporated. It 
is white, insohihle in water, sparingly solnhlo in ether and m cold aJoohol, more easily 
in boiling alcohol. It melts at 1 30°, forming a clear liquid, which solidifies again in 
the orystalbns form. By careful heating, a portion of it may be distiUcd without 
alteration 

Naphthyl-thiosinamino is decomposed by hydrate of lead, yielding sulphide of lead, 
together with a substuuce which crystallises from boding alcohol in silky grains, and an 
unetiioiis substance, still more soluble in alcohol. 

With aeide, naphthyl-thiosinamme behaves hke tho phenyl-compound. 

Pbenyl-tbioslnaxDine, or TbiosluauUiiie, 0'“H‘*N=S = N-(GS" G’H" CH* H*). 
(Ziuin, loo. oit ) — Obtained by pouring oil of mustard into an equivalent quantity of 
amlino dissolved in about four times its weight of alcohol of 90 per eont The mix- 
ture hoeomes hot, and, on cooling, deposits tho compound in foliated crystals. If a 
weaker solution of aniline bo used, the crystals sometimes .attain the length of four 
millimotros, and exhibit the form of tables with four or six feces. 

Tluosiuauilme is colourless, transparent, destitute of taste and smell, insoluble in 
water, very soluble in alcohol and ether It melts at 96°, forming a colourless liquid, 
which solidifies in a radiated mass on coolmg. When distilled it yields an oil, wliioh 
has tho odour of leelis, and does not solidify. It is desidphimsed by hydrate of lead, 
yielding a substance which is very soluble in alcohol, and crystallises in sUky needles ; 
also us tin nnerystnlliaable resinous body 

Thiosmanibne does not show mneh tendency to comhino with acids. It dissolves m 
hot concentrated hydrochloric acid, hut is precipitated by water in its original state. 
It likewise crystallises unaltered from an aleohoUe solution of snlphm'ic or iiydro- 
Chlorio acid Ileated with nitric acid, it is decomposed, forming a resinons suhstanoe. 


THIOSIM'ADl'XSjra'E. Syn with Pjaam-TniosmAMiOT (see above). 
THIOSISiT-irJlPB'rBTItAlHIITE. Syn with NAPHTHm-TmosiKAMiKE (see 
ibove). 

TBIOTOl.TrXO A.CX1}, C’HONSO®, more properly, BBKrZTX.STJJaPBB.lWXC or 
G'H'.Hwt 


XOIiYX.SUXiPHA»IIC B.CIB, (SO*)" (q- (Hilfconkamp, Ann Ch Pliaim. 


xev 86.) — An acid related to toluene {benzyhe hydride, C’H®, i. 573), in the snmomannor 
as n.iphthylsiilphamic iieid, G'"H”NSO® (the so-called thionaphthamie acid, p 778), is 
rol.ited to unplilhulenc, C'"H*. To prepare it, 60 grms of iiitrotolnone are boilod, for 
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eight 01’ ten hours, irith 400 grins of a concontratod solution of annuonium-eulphite, a 
small quantity of ammoninm-cai'bouate, and a litre of absolute alcohol, tho dinmoniacal 
distillate being continually poured back, till the liquid ossumffs un acid reaction , and 
+1,0 oooioa ei+o,.oa -foom. tlie crystals -which separate, is concentrated, with ad- 

>. The red solution, on cooling, deposits benzylaulphamato 


thecc 

ditionofai 


of ammonium, in radiate groups of slender noodles, which may bo rendered colourless 
by repeated lovigation with other. This salt is easily soluble in water and in alcohol, 
insoluble in ethor. It is permanent in dry air, but turns rod in contact with moist 
air. "When heated it first melts, and then chars Its aqueous solution is not percep- 
tibly altorod by acids, even at tho boiling heat, and for the most part does not yield 
precipitates with metallio salts. Chlorine separates from it yellow oily drops, having 
tho odour of tetrachloroquinone. 

The banum-sali, prepared hy addiug tho ammonium salt to baryta-water, boiling 
tin all the ammonia is expelled, precipitating the excess of barium by carbonic acid, 
and evaporating the filtrate, forms wliite mystallino crusts. — The potasiium-salt, 
C’H'*KN30', obtained by boiling tho ammomum-salt with carbonate of potassium, 
evaporating to dryness, and oxliaiisting tho residue with boiling absolute alcohol, 
soimratos from the alcoholic solution, on cooling, in small nodular groups of ciystals, 
loss soluble in water and in alcohol than the ammonhim-aalt.— The sodiiin-ealt, pre- 
pared in like m.innor, forms small, white, nodular crystals, easily soluble in water, 
sparingly soluble in absohito alcohol. 

The acid has not been obtained in the pure state. Neither does the mother-liquor 
of the crude ammonium-salt, when treated wth hydrochloric acid, yield a compound 
analogous to naplithionic acid. 

TKIOT01.xroi.lC jOCID, C’H''NS'0'>, more properly, T3em}/ldisulpham,io 
O’H’ I ^ 

or Tolyidisulpliarmo acid, (SO=)*>qj, has been already doscribod (p. 480). 


TKIOVAXiKItzc ACID. The piroduot of the action of phosphoric peulaohloridB 
on vnlcriame acid. 

TBIOBSA liAVA, A lava from Holchi, consisting of a mixture of the true 
lava-mass with tlporeanito (aaorthite) and chrysohte, both of which minerals occur 
crystallised m distinct cavities of tho lava The groyish-blaok lava contains silioa, 
alnimna, ferrous oxide, lime, and magnesia, .as prmeipiil constituents, together with 
small quiintitios of soda and potash, and traces of manganose-, nickel-, and cobiilt-o-vidos. 
(G-outh.) 

TSlbaSAia-lTK. A variety oftanorthite occurring in the Thjorsa lava on HeW.i, 
in erystiiUo-lanunar, hritllo, transparent musses, of white to grey colour, and vitreous 
lustre, uateous on the cleavage-surfaces Specific gravity = 2 088 at 17°. Hardness 
0, Insoluble in hydiocbloric acid. Melts before tho blowpipe in thin splinters 
Contains, according to Ge nth’s analyses, 487.'' per cent sihca, 30 69 alumina, TOO 
felTio oxide, 17 22 lime, 0'97 magnesia, 1 13 soda, and 0 62 potash. 

THOSKAXTB. A name applied by Mayor (Bergwerksfreund, vui. 6) to a 
quadratic -variety of ferrous carbonate from the Siobengebirge. 

THOiaaowXTB. Metoliie (in part). Mesotype (in part) medle ZcoliU (in 
part). Comptmiie Ghahlite. Tripochse, Oiarhte — ^.IJiydratcd silioate of aluminium, 
calcium, and so^um, occurring m trimetne crystals, exhibiting tho combination osH 
. enpoo . oP 2P« . oopco Axes a.b.c ^ I 1 0117 . 0 7220. Angle ooP . «P 
= 90® 40', oP : Poo =. 144° 9'. Cleavage easy parallel to coPeo and oopw . The 
mineral likewise occurs columnar, with radiated structure, and amorphous. Hardness 
= 6 to 6-6. Specific gravity =• 2 36 to 2 4. Lustre vitreoms, inolming to pearly 
Colour’'snow-whit6, brown in impure varieties Streak nncoloured Transparent to 
twnslnccnt. Practuro uneven Brittle. Before the blowpipe it iutumosoes, becoming 
white and opaque, tho edges only being rounded at a white heat. 'When pulverised, it 
gelatinises with nitric or hydrochloric acid. 

Analyses — a Lochwinnoelc, Eenfrewshiro (Thomson’s Outlines, i. 316) — 
J Hiuubarton (Berzelius, Borz Jahresb ii 00). — c. Seeberg, nq»r Kiiaden, Bohemia • 
Comptonite (Zippo, Verb d. Ges d. vat. Mus. in Eohmen, 1836, p 3) —A Elbugen, 
Jlohomia. ConijAoiiite. (Molly, J. pr Chom xiv. Oil)— o. The Ovclopean Isles, lUMr 
Catimia, ucconip.inied by unaleime and incselito (Sart v. Waltorshausou, Vulk 
Gest, pp 272, 286).—/ Between the Bnlandatuid and the BerufjoKl, Iceland pale- 
yellow, intergrown with scolccite, specific gravity = 2 3G2 (v WaUershausen) — 
g Miignet Cove, Arkansas- in elxolite; specific gravity = 2 24 (Smith and Brush, 
Sill. Am. J. [2], xn 41 ) — h Dalsmypcn, Paroo Islands (Betzms, Berz Jaliri-l. 
iv. 161) — i Haupustein, in Bohemia formerly called mcsolifs; specific gravity = 2-167 
(E a ni in p 1 s b e rg, Pogg Ann. xln 286) . 
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SUioa . .37 68 38 30 38-26 37-00 89-27 39-86 86-86 39-20 80-63 

Alumina . 3J.-68 3u-70 32-00 ?1 07 29 60 31-44 29 24 80-06 81 26 

Lune . .16 26 13 64 1196 12 60 12 38 18-83 13-96 10-68 7-27 

Soda . ... 4-63 6-63 626 4-46 6-29 3-91 8-11 8-03 

Water . . 13-10 13-10 11-60 12 24 13 28 11-39 13-80 13-40 13-30 

Magnesia . 0 64 0 12 

E'erric oxide . 0-66 ^ ^ 1-48 . 1-66 0-60 


98-99 100-17 100-24 99-16 100-44 102-31 99-80 101-84 99-48 

These analyses lead to the formula : 

■whence thomsonite may he regarded as consisting of 2 at. of a sodiferous anorthite 
with 6 at. water. The mineral from Loehwinuoeh appears, from Thomson’s analysis, to 
he a nearly pure hydrated ealeio-aluminic sihcate (i. 808). 

Thomsonite ooonrs also near Kilpatrick, in ScoUaud. The yariety called Compionite 
is met -with in the lavas of Teanmns, as well os m the localities aboya mentioned. 
Thomson’s SoouleriU from Portrush, m Ireland, is neni thomsomte in composition, but 
contains less alumina and -water, and 3^ per cent. soda. Tho varieties called carpko- 
xtiMU, oluilUvte, oaarkite, and picrothomomte are described in their alphabetical 
places. 

THOXUHA. See TsonnroM, Oxn® oi- (p. 787). 

THORZmrin, or THOBITTM. Atomic height, 116 72 , Symbol, Th.— A very 
rare element belonging to tile group of eai-th-metals It was discovered in 1828 by 
Berzelius in thorite from Esmark, on the Norwegian island Lovou, and has since been 
found by Wohler in ^yroehlore, hyKarsten m monazite.hyBergemannand others 
in the variety of thorite called orungite, by Mosander and Chydenius (Bull Soc. 
Ohim. 1866, ii. 438) in euxenitefrom Arendal, and by Bahr(Pogg. Ann. cxix. 672) m 
gadohmte, orthite, and a mineral resembhng the latter. Bahr at first regarded tho 
earth obtained from these throe minerals as the oxide of a new metal, wdsium ; hut he 
has since recognised its identity -with thorina. (Ann. Oh, Pharm. cxrai. 227 ) 

Meidho thormwm is obtained by heating the anhydrous chloride with potassium or 
sodium. The decomposition takes place -with slight detonation, but -with seorcaly visi- 
bla Ignition, and may therefore he performed in a glass vessel. The reduced thorinum, 
when freed from soluble salts, is a grey metallio powder, which may be easily pressed 
together, and when triturated with pohshed agate, ftcqmres an iron-grey metallic lustra. 
Its spsoifio gravity, according to Chydenius, is 7-667 to 7-796. When heated, it burns 
with great splendour, producing snow-white thorma, which eidubits not the slightest 
trace of fusion or aggregation. Thonnum is not oxidised by water, either hot or cold 
According to Berzelius, itia but slowly attacked by nitric, sulphurie, or hydrofiuoric 
acid, but dissolves easily in hydrocblorio acid, especially when gently heated Accord- 
ing to Chydeni-us, it disolves easily in nitrio, slowly in hydrochlono acid, and in 
sulphnrie acid only when heated. It is not attaeked by solutions of causUo alkalis. 
(Berzelius) 

THOBZiffUin, BROKIDB OP. Obtained by dissolving thorina in hydi-o- 
bromio acid ; dries up to a gummy mass on evaporation , forms a double salt with 
bromide of potassium. (Berzelius.) 

TBORnruK, OKX.ORXDB OP. ThOP.— Prepared by heating an inti- 
mate mixture of thorina and charcoal in a stream of diy chlorme-gas. Tho decom- 
position takes place slowly, and the chloride of thonnum, which is not very volatile, 
IB deposited on the cooler part of the tube, as a white crystalline sublimate; 
by renewed sublimation, it may be obtained in white shining crystals (Berzeliub), 
which, according to Chydenius, are leotangular four-sided tables, having their' edges 
bevelled by planes inohned to the basal faces at angles of 129° 7' and 143° 8’ They 
deliquesce in the air, and dissolve in water with use of temperature (Berzelius). 
The chloride does not yolatilise at 440°. (Chydenius, Po^. Ann cxix. 43 ) 

Hydrate of thonnum dissolves easily in hydrotshionc acid, and the solution, when 
concentrated to a certain strength — especially if it contains excess of hydrochloric acid 
— sohdifles to a i-adio-orystallma mass of the hydrated chloride. Tho solution, evapo- 
rated to diyness, leave.s a deliquescent saline mass, which gives off hydrochloric acid 
at a higher temperature Clilonde of thonnum is soluble in alcohol. 

Ammomo-thorinic chloride, 4irH‘01.ThCP.4H’*0, is obtained he.iLiiig a dry mix- 
ture of chloride of thonnum and sal-ammoniae in hydrochloric acid gas, dissolving the 
product in water, and evaporating (Chydenius). — Poiassw-thorimc eltlomle m voi-y 

Von. V, 3 E 
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BoluUe, ftlmoat deliiinoflcent, but may be dehyfeted by ignition in hydifbcHorie acid 
gas. It is liie-mBG soluble in alcohol. 'When Heated with potassium, it yields metaUio 
thonnum. (Berzelius) 

Oxychlonde , — lathe preparation of the chloride, as above described, this compound 
passes over mth the eiceas of chloride as a white cloud, which^ condenses to a white 
amoiphons powder. It is decomposed by water, which dissolves chloride of thorinum, 
leaving the oxide. 

THOKIWintl, DHtTBOTION ASTD BBTXMAXIOIT OF. Before the blow- 
pipe, thonnum is distinguished rather by negative than by positive pharacters, its 
oxide being unalterable, infusible, and dissolving with great difficulty in borax ; the 
strongly saturated head becomes milk-white on cooling ; it does not form a coloured 
glass, either with borax or with microcosmic salt, 

Thonnum is precipitated &om its neiitral solutions by sulphide of ammomum, 
'by ammoma, and by potash, as a white hydrate, insoluble in potash. — Ttbo fixed alkahne 
carbonates, and carhonato of amrnotuvm, precipitate carbonate of thorinum, soluble in 
excess Of the precipitant , amnumm forms no precipitate in this solution, as it does in 
(he oorresponding Bolutionof zirconia.— A solution of thormum-ohlonde is precipi- 
tated by fen ooyamde of potassium, which docs not form any precipitate with chloride 
of zirconium.— SulphaU of potassium produces, with thorinum-salts, a cry stallme precipi- 
t.ito of potassio-thorinio siuphate, soluble in boiling water, but insoluble in excess of 
the potassium-snlphafe,— a character which serves to distmguish thorinum from 
yttrium. 3?rom cerium and the alhed metals, thonnum is distinguished by the 
reaction of its solutions with hyposidphite of sodium, which precipitates thorina, but 
not the oxides of the ceruim-metals ; from cerium and didyminmalsoby notgmng 
any coloured reactions before the blowpipe — From titanium, tantalum, and nio- 
bium, it is also distinguished by its behaviour before the blowpipe, and in solution 
by its reaction with omko acid, which forms a whits precipitate of thorinum-oxalate. 

Thonnum is estimated as oxide. It is precipitated by ammonia as a hydrate, 
which on ignition yields the pure oxide. 

The methode of separating thorinum from other metals are indicated in the preceding 
paragraph. Frecipitation with sulphate of potassium in excess serves to separate it from 
all the metals contained in the sulphide of ammonium precipitate, except zirconium and 
the oenum-metale. — From zirconia it may be separated by treating the mixed solution 
with oxalic acid, which precipitates both the metals as oxalates ; hut on adding a slight 
excess of oxalic acid, the oxalate of zireonmm dissolves completely, leaving the oxalate of 
thonnum behind (H. Bose, Traiti de Ohimie Analytique, u. 101). — From tho oerium- 
m stale thonnum may bo riepmuted, as already observed, by means of sodio hyposul- ' 
phite, which precipitates the thorinuln as hyposulphite (Chydenius). The precipita- 
tion, however, is not completo, and, accordmg to Hermann (J. pr. Ohem. xoiii. 106), 
every 1,000 pts. of water retain in solution 0'86 pt. of thorina, or in presence of salts 
rather leas. To effect the separation, Hermann converts all the bases into neutial 
sulphates, dissolves 10 pts. of these mixed aulphates in 1,000 pts. of water, and heats 
the solution to the hoiling-point with 4 pts. of sodio hyposulphite. A precipitate of 
thorinio hyposulphite is then formed, while the whole of tho cerium-metals remain in 
solution The precipitate, when ignited, leaves pure thorina, which must be weighed, 
and its weight corrected for theamount remaining in solution, amoimtmg to, as above 
stated, 0'86 pt.' The cerium must be previously brought to the state of cerous salt, 
if not already ih that state. 

From titanium, tantalum, and niobium, thorinum is most easily separated by 
precipitation with oxalate of ammamwm. 

Atomic Weight of Thonnum. — ^The atomic weight of this metal has bean deter- 
mined by the analysis of the sulphate, Th"SO‘ or TfiO.SO*. B erzelius, in two experi- 
ments, obtained the numbers H9‘32 and 1 17'76, and from the mean of fifteen analyses 
of potaseio-fliorinio sulphate, Th"K*(SO*)“, not agreeing very closely, the number 
118'2. Chydenius, paitlyfromhis own (not very accordant) experiments, and partly 
from those of Berzelius, calculates the number 118‘82. Delafontaine (N. Arch, 
ph. nat, xviii. 343 ; Jahreeb, 1883, p. 198) found, as a mean of a considerable number 
of closely-agreeing analyses, that the sulphate crystallised from hot solutions, 
4ThS0t9H*0, contains 62 61 per contThO, 31'92 30®, and 16'80H®O, and that tho 
salt crystallised at ordmary temperatures, 2ThS0t9H®0, contains 46'06 per cent. ThO, 
and 28 68 H®0 . hence the atomic weight of thormum is found to be 115 72, the num- 
ber nOw adopted. 

THOBIWirivi, PBUORKDE OP. ThF®.— Berzelius, by treating hydrate of thori- 
nnm with hydrofluoric acid, and eimporating off the excess of acid, obtained tho fluoride 
as an enamel-white, heavy, inaoluhle powder, not decomposed by ignition, and only im- 
perfectly when heated with potassium. — The hydrated flmnde, ThF® 2H®0, is obtained. 
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by double decSinposition, aa a white gelatinous precipitate, which is insoluble in water 
and m hydrofluoric acid, gives off only part of its water at 200“ and is converted by 
ignition into thorina. (Chydenins.) 

Fotasm-ihonmo Fluorides. — a. The compound Kh'.TliF®.2H*0, is .produced by 
boiling recently precipitated hydrate of thorinum with hyiropotassic fluoride and 
free hydrofluoric acid, and separates as a fine heavy powder. — P. The compound 
2KF.4ThF^H-0 is precipitated by hydropotassic fluoride, from a solution of thorina 
in hydrochlorio acid. (Chydenins) 

THORlKTUni, lODISB OB. Crystallises with difficulty , turns brown on ex- 
posure to hght. (Chydenina.) 

TBOBIKTTia, OrUSE OB, or TBOBIBA. ThO.—This, the only faiown 
oxide of thorinum, is prepared from thorite or orangite, or from euxenite, — 
a. Thorite or orangite, in fine powder, is decomposed withhydrochloric acid; the 
silica IB eeparated in the nsual way, by BTOporatmg to dryness, and digesting the residue 
with acidulated water ; the filtered solution is treated with sulphydrie acid to sepa- 
rate lead and tin , and the thonna is precipitated by ammonia, together with small 
quantities of the oxides of iron, manganese, and nroninm. The precipitate is rcdis- 
Bolved in hydrochloric amd ; tlio nearly nentral solution is mixed with a hot saturated 
solution of nentral potassio sulphate, whereby the thorinum is precipitated as potassio- 
thonnio sulphate , and from the solution of this salt in hot water, the thorinum is pre- 
cipitated by ammonia as a hydrate, which on ignition yields anhydrous thoiina. Or the 
thorinum may be precipitated from the nearly neutral hydrochloric solution by oxalic 
acid, and the oxalate converted mto thorina by calcination. 

Euxenite, from Arendal,* which contains about 6 per cent thorina, is cal- 
cined and finely pulverised, then heated with excess of strong sulphuric acid , tile 
resulting pastjy mass is digested with, coldwatetr, in which it is almost wholly soluble ; 
and the solution is boiled, whereupon it deposits titanic and mohio acids, hut to 
ensure complete sepaiation of these acids, the ebullition must be eontinned for several 
days. The cooled and filtered liquid is then freated with ammonia to precipitate the 
bases, the precipitate is dissolved in hydrochloric acid, and the liquid is mixed with a 
hot saturated solution of potassio sulphate m excess, which precipitates the thonmim, 
leaving the yttrium. See. m solution. The thorino-potassic siuphato may then bo 
dissolved m hot water, and the thorina precipitated by ammonia. (Chydenins ) 

Frofsrtws . — ^Anhydrous thorina is white, and has the high speoiflo gravity 9'402 
(Berzelius). According to Chjydenins, the oxide obtained by igmtion of the 
hydrate is greyish-yellow. By fusion trith borax, m a porcelain furnace, it is obtained 
in quadratic crystals, probably isomorphous with tinstone and rutile, and having a 
density of 9 077 to 920 (Nordenskjold and OKydenius, Pogg Ann ex. 642, 
Jahresb 1880, p 134). The ignited oxide is insoluble in hydrochloric and nitric 
acids, and dissolves in strong sulphnxie acid only after prolonged heatma to the boil- 
ing-point of the acid. It is not rendered soluble in nitric or hydroohlorio acid by 
Ignition with alkalis or alkaline carbonates. 

Hydrate of thonnum is precipitated from solutions of thorinum-salts by caustic 
alkalis, as a gelatinous mass, which soon sinks to the bottom of the liquid. 'TOen left 
to dry in the air. It absorbs oaihonic acid, and cakes into hard vitreous lumps , under the 
air-pump it dries up to a white powder (Berzelius). It dissolves readily in all acids, 
excepting oxalic, molybdic, and hydrofluoric acids. (Chydenius.) 

tbcobxnitih;, OXBCHEOBIDE OB. See p. 786. 

TECOBIXriTia, OXTCEKT-SAETS OB. These salts are colourless, and have a 
strongly asti'iiigent taste ; those which contain volatile acids give up their acid on 
ignition. The behaviour of the solutions with reagents has been already described 
(p 786). 

Acetate of Thorinum, Th''(C*H’0’)“ (at 100°), forms OTOups of fine needle-shaped 
crystals, insoluble in water, and only slightly soluble in dilute acetic acid. — ^The car- 
bonate, Th'OO’ 3Th"H20“ H“0, is obtained by treatmg the hydrate suspended in 
water with oarbouio acid, or by precipitating a solution of the diloride with an alka- 
line carbonate, as an amorphous precipitate, which aggregates together m drymg. — 
The chromate, Th”CrO* 4H’0, crystallises indistinctly on evaporating a solution of 
thorina in chromic acid A solution of thorinum-cldoride gives, with acid potassio 
chromate, on addition of ammonia, a yellow precipitate of a basic salt. — ^The airate 
and tartrate are gelatinous precipitates, obtained by adding citnc or tartaric acid to a 
neutral thorinum-salt — The formate, Th''(CHO’')^2ffO, forma tabular efflorescent 
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crystals, ■which ^ve off 9’77 per cent, -water in drying — The wtolyh&aU is a -white 
■flooculent precipitate, soluble m hydrochloric acid (Chydenius). — The nitrate, 
oxalate, pho^h^e, and sulphate are described under their respective acids. 

THOaiNTTM, OX-yaTJI.PHIDE Of. See below. 

THORUanmi, phosphide op. When thonnum is heated in phosphorus- 
vapour, the two unite -with meandescence, forming a grey metallically lustrous mass, 
which is not attacked by water, and bums to phosphate when heated. (Berze- 
lius.) 

TBORIH-inHC, SVXiPBXDB OP. ThS — Thorimim, heated -with sulphur, bums 
in the vapour -with the same qilendour as in the air, forming a yellow pulverulent sul- 
phide, which ac^inros roetaUic lustre by pressure, and is but slightly attacked hy acids , 
nitromimabc acid, hov^ever, oxidises it to sulphate (Berzelius). Chydeniua, by ignit- 
ing thorma lu a mixture of hydrogen-gas and vapour of carbonio disulphide, obtained 
sulphide of thorimim as ahlnekmass of specific gravity 8-29, becoming grey and metal- 
lically lustrous by tinturntion. It is converted by roasting into thorma, is not attacked 
hy hydi'oohlorie, and only slowly hy nitric acid, but dissolves completely in nitromu- 
riatic acid By fusion with potassium-hydrate it is converted into thorina, and by heat- 
ing in chlorine-gas into chloride of thonnum , it is not altered hy ignitiou in hydrogen. 

When thorina is heated only to low redness m the mixture of hydrogen and 
earhonie disulphide, an oxysulphide is fomod, probably TIl8.2ThO. (Chyde- 

TBORITE. Orangtte. — A hydrated silicate of thonnum, occurring on the island 
of Lovon, not far from Brevig in Norway. It is massive and compact, of bhiok colour, 
■with -vitreous lustre, opaque to translucent on the edges; streak gieyish-red Brittle 
Haidness - 4'6 to 6 Speoiflo gravily = 4'63. Before the blo-wpipa it becomes 
brown-red, does nob molt when heated by itself, but forms, -with borax, a glass coloured 
by U'on, and on addition of soda, exhibits the manganese reaction. In its natural 
state, It dissolves m hydrochloric acid, with evolution of chlorine and separation of 
gelatinous silica, but after ignition it is scarcely attacked by bydroohlorio acid. 

The variety called orangite, found in the ziroon-^enite near Brevig, is yello-wish or 
yellow to bro-wn, yields an orange-yellow powder, is translucent or transparent in thin 
splinters, has a specific gravity = 6 2 to 6 4, and hardness = 4'6. 

Analyses .—a. Thorite (Berzelius, Pogg. Ann. xvi. 386). — 5 Thorite, black, almost 
glassy; speoiflo gravity = 4’686 (Borgemann, ibtd, Ixxiii. 661; Ixxxv. 668) — 
0, d,e Orangite- o by Bergemann, d by Damour (tiicZ. Ixxxv. 665), e by Berlin 
(iltd Ixxxv. 666) : 


2 o^i?' o]°' 


i 20 . no. SnO!. A 120 ». 




s. :r-78 73-29 0 06» .. 092 7-12 = 100 07 

The analysis of thorite hy Berzelius leads to the formula TySi0‘.2H®0 -, tliose of 
orangite to the formula 3Th“Si0t4H’0 ; hut the difference of composition is most 
probably only apparent, and due to impurity m the thonta , indeed, orangite frequently 
ocoiu-s so intimately intergro-wn -with thorite as to show that the two minerals are essen- 
tially identical, the orangite being merely the purer variety. 

THOBIITM. Syn. -with THOBnnJM. 

TBltA.DDXtB, A variety of hisingerite from BodonmaiB in Bavaria (iii. 102). 

WBBIDAOrD-MC, (from OplSaf, lettuce). — The inspissated milky juice of the 
common lettuce, Lactma satim (that obtained from L. mrosa is called laotucarinra 
(ill. 404). It is a grey-hro-wn or yellow bitter substance, havmg an odour like that 
of opium, and forming with water a eolation which has a brown-yellow colour and acid 
reaction. Tannin forms in it a copious precipitate , ammonia throws down phosphate 
of calcium , nitrate of banum, nitrate of silver, oxalate of ammonia, and alcohol pro- 
duce tm-bidity It is said to produce a sedative action, but the nature of the active 
principle is not exactly known. (Handw. d. Ohem vui. 821). 

THRomBOIiXTB. A cupric phosphate occurring at Eetzhanya in Hungary. 

THSIKrC'BOA-XiXAO. The Chinese name for a oobaltiferons alnminic silicate 
used in the manufacture of porcelain , also applied to a cohaltiferons manganese-ore, 
used for producing a blue colour on porcelain. 

THVJ-A. The branches of Thuja oaoidentalis, the North-Amcncan Arbor vitee, 
contain an essential oil, wax, resin, several acids (probably iudndmg citric acid), a 
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bitter principle, sugar, and two peculiar yellow colouring-matters, called thujin and 
tbuj igeniu. 

When the green branches o:( ThvtQa occidmtalts are boiled with strong alcohol, the 
decoction on cookag deposits a waxy substance in yellow docks, becoming white when 
purified. Thi3_ body, whose percentage com^sition is represented by the formula 
C“H'®0, IS a mixture of a more soluble and a leas soluble substance, when saponified 
by lime, it yields several acids not yet examined. 

When the olooholio extract of the branches, which likewise contains volatile oil, is 
distilled, there remains a green resmous mass, said to contain fcinovous acid, tho 
acid likewiae occurring m the needles of the Scotch fir (iv. 660) The watery liquid 
separated from the resin yields, on addition of neutral lead-acetate, a yellow precipi- 
tate containing thujin, together with pinitanme acid (iv. 661). The liquid 
filtered from this precipitate gives, with basic lead-acetate, a precipitate probably con- 
taining a little citric acid, together with an amorphous tannin, and thuj igeuin. Tho 
filtrate from this last precipitate contains sugar, and a bittaf principle, said to bo 
identical with the pinipiorin of the Scotch fir (iv. 661). 

K the branches, after treatment with boiling alcohol, are exhausted with water con- 
taining a small quantity of alkali, the resnlting solution deposits, on addition of an 
acid, a gelatinous aubstanoo having tho composition 

The leaves of thuja are said to possess medicinal properties. Tmetara ThvQCB has 
been racoiumendod as a remedy for rheumatism, gout, intermittent fever, &c. 

The essential oil of thuja, which passes overondistiUmgthe ends of the branches 
and the leaves with water, is, according to Schweizer (Ann. Oh. Pharm li 898), a 
mixture of several oils, and contains 77 per cent, carbon, lOfi hydrogen, and 11’4 
oxygen. It is colourless when fresh, but soon turns yellow in contact with tho air , it 
has the odour of thuja, is lighter tlian water, and only shglitly soluble therein, but 
dissolves easily in alcohol and in ether. On fractional distillation, the greater part 
passes over between 190° and 197°, the hoiLbg-point quickly rising to 206°, and ulti- 
mately a brown residue is left. 

Crude oil of thuja dissolves largo quantities of iodine ; and on beating the solution, 
a violent action takes place, hydriodio acid and a very volatile oil being given off. 
The residue, when further heated, gives off a dark viscid oil, thou vapour of iodine, and 
leaves a residue of charcoal. 

Wlien the volatile oil just mentioned is repeatedly distilled over iodine, then over 
quicklime and potassium in succession, it becomes colourless, free fr'om oxygen, hke 
turpeutine-oil in taste and odour, lighter than water, and boils between 166° and 176°. 
Thus purified, itooustitutesSchweizer’ethujeneor thujone The viscid oil, agitated 
with potash-ley, yields to that liqmd, caivacrol (i 808), separable by sulphuric acid. 
The portion insoluble in potash appears to be colophene (i. 1086). 

Oil of thuja is not sensibly altei-ed by distUhition with photfhrrio add . — ^By oil of 
mtriol it is immediately rosinised — Commercial mine aoid turns it dark-yellow, with- 
out setting it on fire, ynth. potassitm it resmises without giving off hydrogen. — 
Hydrate of potaseium blaekeus thuja-oil immediately, and resmises a portion of it, 
wmlst another portion passes over nnaltered. Bepeated distillation of tho portion 
which has gone over with hydrate of potassium diminishes its quantity, but does not 
perceptibly alter its external characters , after five distillations, the distillate contains 
78‘87 per cent. 0, 10'98 H, and 10‘15 0. From tho black residue, water separates a 
ream-soap, soluble in pure water, while caivacrol remama in the alkahne solution. 
(Sohweizer.) 

THUTEKTE. Syn. with THOTorrEi. 

XKirJETIC ACID. 0®H“0'°. (Bochledor and Kawalier, Wien. Akad. 
Ber XXIX. 14 ) — This aoid, winch contains the elements of 3 at. water less than 
thqietm {infra), is prepared 1. By boiling thujptin with baryta-water, adding sul- 
phuric acid after a while, then alcohol, and filtering the hquid while hot j it then separates 
in miorosoopio crystals. — 2 Together with crystaUieablo sugar, by boilmg tbujin for 
some hours with baryta-water in an atmosphere of hydrogen, tiU a readisb-yellow 
precipitate is formed. On passing carhonio anhydride through the hquid, filtering, and 
treating the washed precipitate with acetio acid to dissolve the baryta, thuj’etic aoid 
remains undissolved. It forms lemon-yeEow microBCopieneedloB, soluble in alcohol, and 
procipitated by water. 

THtTJBTlXT. (Eochloder and Eawalier, Wien Akad. Ber. 

xxix 12.) — A compound obtained, together with crystollisable sugar, by heating thujin 
■with dilute acids , the liquid, which is green at first, becomes yellow after some tune, 
then colourless, and deposits thnjelin after evaporation of tho alcohol Thqjelin is 
likewise obtained in tho preparation of thujin and thujigenin, in tho manner presently 
to be described. 
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Thujetin is neaily insoluble in water, but dissolres in aloohol and in ether. It is 
not altered by dilute %drooA&>no or sM^iAanoaouZ. Its alcohobo solution assumes a 
splendid blue-green colour on addition of ammonia, green -with potash, becoming 
yellow, and finally red-brown on standing, and than yielding 'red floifc with acids. It 
forms red precipitates with the imctroi and basio acetates of lead, colours femo oUondo 
like ink, and after a while throws down a dark-coloured precipitate. It colours siannio 
oiMondcdark-yellow.mrfrata stftierblackieh-gcey, aadplahmo Monde gradually yel- 
lowish-brown. 

By boiling with iffi^ifa-wafWjitisconTertad into thig'etio acid; 3H=0 = 

0saj[ja0i«. 

THVTIOEHXnr, (Roohleder and Kawalier, Wien. Akad. Ber. 

xxis. 10).— A compound oconrrmg in very email quantity in Frondes Thujce, the green 
parts of Thnja ooMentaUs, and gcoduced, together with sugar, when thujm is heated 
with hydi'OoUorie aeid (p. 791).' 

Preparation. — Comminuted Frondes Thiya are hoiled with alcohol ; the decoction is 
strained and left to cool , the deposited wax is separated ; the alcohol is distiUed from 
the filtrate ; and the residue is mixed with water, a few drops of solution of neutral 
acetate of lead being added to fecilitete the filtration The filtrate is completely pre- 
cipitated by neutral acetate of lead, and the yeUow precipitate (<z), containing thiqin and 
tlnijetin, is used for the preparation of these substances. The filtered hquid, mixed 
with basio acetate of lead, yields a second precipitate (4) containing thqjigenin 

a. Fr^aration ofThujm . — ^The precipitate a is washed with water, and dissolred m 
dilute acetic acid ; the liquid is filtered from undissolred matter ; tho filtrate precipi- 
tated with hasie acetate of load , the washed precipitate decomposed under water by 
Bulphydrie acid, tho liquid heated with the sulphide of lead, and filtered hot, the 
sulphide of lead washed with a small quantity of hot water , and the filtrate, after 
boing freed from sulphydric acid by heating it in a stream of oarbonio anhydride, is 
evaporated in a vaonnm over oil of vittiol. Tho hquid, after standing for some days, 
deposits crystals of thujin, which are coUeoted, dissolved in boiling water, with addi- 
tion of alcohol, again left to crystallise, and reeiystaUised tall the solution of tho sub- 
sUnoe in weak spirit no longer turns meen on addition of ammonia. The sulphide of 
lead still retains a small portion of mifliii, which may be obtained by boiling with 
alcohol . 

b. PreparoMon of Thujigenin . — The precipitate 4, formed by basic acetate of lead, 

is washed, suspended in water, and decomposed by sulphydrio acid: and the liquid is 
heated with tho sulphide of lead, and filtered hot throngh a warmed filter. The filtrate, 
heated as above in a stream of carbonic anhydride, and evaporated in a vacuum, deposits 
flocks of thnjigeiiin. ' * 

0 . If the otaef object is to obtain thujigenin, the liquids obtained by decomposing 
with sulphydric acid the two precipitates {a and 4) produced by ueutral and basic acetate 
of lead, are evaporated till thtqin and thujetm separate out from them; these sub- 
stances are removed, and the filtrate is mixed with hydrochloric acid, warmed in tho 
water-bath till it hegms to show turbidity, and then quickly cooled. It then deposits 
thmigenin, which must be collected, dissolved in alcohol, and precipitated by water 
Bji further heating the liquid from which the thijigenin has separated, and then 
ooohng It, thuj etin is obtained, contaminated with a red eubstance, from which it 
may be freed by repeated solution in alcohol and precipitation with water. 

Properties and Eeaotions, — Thujigenin forme microacopio needles very slightly 
soluble in water, hnt soluble in alcohol, and precipitated almost completely by water. 
When boiled with Monde of aoetyl, it turns red, and after prolonged action, ie con- 
verted into acotyl-thnjigenin, 0''H”(0’'H“0)*0“, a resinous body precipitable by 

The investigation of thnjigeum is stiU ineompleta ; it remains to be determined 
whether this substance can bo formeil artificially, and how far it differs from thujetin. 


THtrjIW, C“H»0». (Eochleder and Kawalier, Isc-ciV.)— A orystaUisahle 
glueoside, occurring in the green parts of Thi^a ooddentaUs. The mode of preparing 
it, has just been described. 240 lbs. of Frondes Thiya yield only a few grammes of 


tliujm.__ 

Thujin forms shining lemon-yellow crystals, appearing under the microscope as 
four-sided tables. It has an astrmgent taste, and is soluble in alcohol. 

The alcoholic solution is oolourSi yellow by ammonia or potash, rod-brown with 
aooesB of air, and jtields a fine yellow precipitate with nmtial or basic acetate of lead. 
It is coloured dark-green \iy ferric olilonde,d.oBB notpreoipitatocii^c sulphate, plaiinio 
chlonde, ro nitrate qf sdver, but the silver-solution Womes blaiiish-grey on addition 


Decompoaitwns. — 1. Thujin heated on platinum 


i-foil burns, and leaves 
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ceouB residuo, whicli burns away slowly, but completely — 2. 'Wben heated in alcoholic 
solution with dAuta hydroaMonc or autyhiria ocmI, it turns green, then yellow, and 
18 resolved into thiyetin, which, separates out, and sugar. 100 pts. thiflin take up 
7'3 pts. water, and yield 40;48 pts. sugar and 66 78 pts. thujetin : 

205iih«0'* + 4H»0 = 20“H’»0“ + 

Thujigemn appears also to be formed whan thrginia heated for a short time withhydro- 
chlono acid (p. 790). — 3. Thujin dissolves in baryta-mier, forming a yellow solution, 
wlgoh, when heated, deposits an orange-yellow precipitate of thipetio aeid, becoming 
dark reddish-yellow by continued boiling, while sugar remains in solution ; 

20*'>H:«Oi> + ffO = + 2C"H>»0». 


TBUXiITE. See Ehdoib (ii. 490 ). 

THUKITE, Syn. with Axikitb (i. 477). 

TBTTBXljroiTE. Owemte, — A silicate of iron and aluminium, occurring as an 
aggregate of minute scales, which are distinctly deavahle in one Erection, have an 
ohve-green colour, and nacreous lustre. Hardness = 2-5. Speeifie gravity -= 3 18 
to 3'20. _ Before the blowpipe it melts, with moderate fncihty, to a black maguotio 
glass , gives off water when heated in a tube ; and dissolves in hydroohlono acid, with 
separation of gelatinous silioa. 

Analyses.— a, Erom Eeichmannadorff, near Saalfeld, in Thuringia (Eammels- 
berg, mneralahmie, p 851)— 6, The same (Smith, Sill. Am. J. [2], xviii. 372).— 

c. Schuuederberg, near Saalfeld (6 e nth and Keyset, ttni. ivi. 167, xviii. 410). — 

d. Potomac nver: OmniU (Smith). — e. The same (Genth and Keyset): 


22-85 
22'06 
23 55 
28-65 
23 21 


APOa Fesoa. FeO. 

18-39 14-88 34-84 

16-40 17-66 30 78 

16-63 13-79 84-20 

16-46 14 83 82 78 

16-69 18-89 34-68 


1-26 


1- 60 0-46 

2- 62 0 49 


HSO. 

9 81 = 101-00 
11-44 = 99-36 
10-67 - 99 21 
10-48 = 99 66 
10-69 » 10097 


These analyses lead to the fovmnla 2(2Pe0 Si0*).(Al’0*,-Fe*0“)*Si0*.4H*0. 

■XH-XME, OXXi OF. The herb of garden thyme (Thymta vulgana, L ) yields, by 
distiUation with water, a volatile oil, which in the fresh state is colourless or yellowish, 
and mobile; the oil commonly occurring in commerce, however, is red-brown or 
brownish-rod, and becomes tliidcer and darker by age. It hos a pleosont pungent 
odour of tbyme, and an aromatic camphorous taste. Its specific gravity is between 
0 87 and 0 90. It dissolves sparingly in water, in about As own bulk of tdooM of 
speeifie gravity 0 86, and easily in ether. Iodine acts but sbgbtly on oil of tliyme ; 
alaoholta potash dissolves it. It turns the plane of polarisation to the left, a column 


, , , „ amphor or atearoptene, caUed 

thymol, (which is said to constitute about half of the crude oil), andperhaps 

other oxidised products of the hydrocarboua. 

On submitting tbe crude oil to feaotional distillation, the thymene passes over be- 
tween 160° and 166°, and the eymene beiwoen 170° and 180°. This latter hydrocar- 
bon maj- also be separated from the thymene by treating the mixture with strong 
Bulphnrio acid, washing the undissolved portion with water, and rectifying. The 
hydrocarbon thus obtained has the composition and appears to bo identical in 

every respect with eymene obtained from Homan cumin-oU. 

On continuing tbe distUlation of tbe tbyme-oil, there passes over, between 186° and 
226°, a mixtui-e of thymene (and eymene) with about 4 pt of thymol, and between 
226° and 335°, pure thymol, which may be separated from the remaining portions of 
hydrocarbon by solution in potash-ley. (Ballemand, Ann. Oh. Phann. ci. 119 , oii. 
119) 

A pound of thyme yields, according to different statements, from 20 to 60 grains of 
oil, the quantity, doubtless, varying with the locality in which the plant is grown 

Wild thyme {Thymus serpyUwm) yields, by distillation with water, foam 0-08 to 
0-09 per cent, of a yellow oil, having an agreeable odour of lemons and thyme, and an 
aromatic bitter taste. Alcohol of specifto gravity 0-86 dissolves it in all proportions. 
(Herb erger, Eepert. Phann. xxxiv. 41; Zeller, Staidtm iiber bihmSche Ode, Lan- 
dau, 1860.) 

See under TmtMom (p. 793). 
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THVMBWB. (Ilallomand, Ann. Oh. Phys. [3], xUx. 156.')— A hydro- 

carlDon belonging to the camphene-group, and eonstitiiting the most volatile portion of 
the oil of garden thyme, oistiUiiig between 160° and 186° (p. 791). It may he 
purified hy agitation with potash-ley, and repeated fractional distiUation over potM- 
sium-hydrata , after this treatment, however, it usually sfciU retains a small quantity 
of oymane, which may be removed hy fractional distillation. 

Thymene is a colourless oil, having an agreeable odour of thyme, boiling at 160° — 
166°, and of specific gravity 0-868 at 20°. It deflects the plane of polarisation to the 
left, bntlesa strongly after repeated rectification over canstic potash (Jjallemand).' It 
dissolves in M of mtriol, with rise of temperature, and yields hy distillation the same 
products as oil of turpentine. — ^It absorbs hydioc/tlorw acid gas, with slight rise of 
tompeiAture, and forma a compound which remains hqnid at —20°, and, after puri- 
fication with chalk and animal charcoal, contains 20 per cent, chlorme. (Lalle- 
mani) 

Prom the volatile oil of the seeds of Ftychitis Jjov'an, Stenhouse obtained, by frac- 
tional distillation, dehydration with chloride of caleinm of the portion which passed 
over below 176°, distiUatiou over eaustie potash, treatment with sodium, and 
rectification, a colourless, strongly refracting oil, having a pungent aromatic odour, 
different from that of oft of thyme, of specific gravity 0 864 at 12°, and boding at 
172°. It formed witli hydrochloric acid gas a town thin hqnid. It contains 88 24 
per cent 0 and 11'6 H, and is therefore and perhaps identical with LaUe- 

mand’s thymene. According to Haines (Ann. Ch. Pharm. zoviu. 316), it consists of 
. cymene, O'W. 

TKYiniCZC ACID. Syn. with Thototio Acid (p. 795). 

THYKXKB. This name was applied hy Gorup-Besanez to a caystalbsahle, 
slightly basic substance, obtained from the thymns-gland, which, however, he aftor- 
ivai'da found to he identical with leucme. 

■XBTiyioiX.. C^H'W. (Lallemand, Ann. Ch. Phys. xl«. 160; Ann Ch. 
Pharm oii 119) — A product of the oxidation of thymol. It is obtained hy dissolving 
thymol in excess of sumhurio acid, dfiuting the liquid with flve or six times its volumo 
of water, and gradiiaUy mixing it in a retort mth manganic peroxide or potassio 
diohromate ; great heat is then evolved, and on distilling the iK^uid, water pas^s over, 
together with, formic acid, and a yellow oil which soon solidifies. This substance, 
wlnoh is thymoil, may he purified by reciystallisotion from ether-alcohol 
Thymoil forms reddish-yellow, four-sided, shining, myatalline laminm, having an 
aromatic odour, recalling at the same time that of iodine and that of chamomile It 
IS heavier than water, only slightly soluble therein, spanngly soluble also in alcom, 
easily in ether. It melts at 48°, gives off copious' vapours at 100°, sublimes at a 
stronger tot, and hods with partial decomposition at about 235°, leaving in the retort 
a dark-red oily residue, which solidifies on cooling to a violet metalhoally lustrous 
mass. . , 

Thymo'il is easily altered by light ; when exposed to sunshine for some days m a 
sealed tube, it becomes quite black, aild is converted into a mixture of several com- 
pounds, from which alcohol extracts thymoilol and thymeid, together with other 
substances, and leaves a small quantity of a yellowiab powder, consisting of oxy thy- 
m oil, 0'^H>®0h This body is insoluble in water and m alcohol, sparingly soluble m 
ether, melts without decomposition at 100°, is insoluble in alkabs, and is, on the 
whole, a very mdifferent substance. 

Thyme'll dissolves in strong sulphiirio or nitric acid at ordinary temperatures, and 
is separated therefrom unaltered by water If the action of the acids he long con- 
tinued, or assisted hy heat, decomposition takes place, but the products have not been 
examined. 

Chlorine acts slowly on thymoil, and only when assisted hy heat, forming ohlormated 
substitution-products 

Piised thymoil slowly ahsorha dry ammama-gas, forming thymollamide, 
N.H“ C”H“0, a dark-red, uncrystsHisahle, hard, brittle mass, which softens at 
100°, so that it may he drawn into threads, and IS soluble in alcohol. 

In contact with poiash-iey, thymoH quicldy absorbs oxygen from the_ air, and dis- 
solves to a hrown-red liquid containing the potassinm-salt of thymo'ilic acid : 

40“b;‘“o* + o‘" =. o«fl;“0“ + n*o; 

Thjtinoil. Thjmolllo 

The thymo'data of potassium may he obtained by saturating the liquid with carbonic 
acid, evaporating to dryness, and exhausting the residue with alcohol, and on decom- 
posing the solution of this salt with hydrochloric acid, thymodic acid is obtained, in 
dingy-yeUow uncrystaHisable flocks, spanngly soluble in water. AH the thymo'ilates, 
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except the silvei- and lead-Balte, are aolnble in water. The lead-salt has the composi- 
tion showing that the add is tahoaio. 

Thymoil, under the influence of reducmg agents (such as nascent hydrogen, sul- 
phurous add, ferrous sulphate, and stannous chloride), takes up 2 at. hydrogen, and is 
converted into thymollol, a compound homologous with colourless hydro- 

quinono (lii. 213). 

Strong aq^ueous sulphurous acid coloura thymoil dark-violet at first, hut this colour 
disappears again, and after a few days ijie thymoil is found to be converted into white 
fiocculent thymoilol, which may tdso be obtained, in a similar manner, by treating 
thymoil with etannons cliloride, &e. By recryetallisation from alcohol, it is obtained 
in small, colourless, four-sided priems, whidh are inodorous and tasteless, dissolve 
sparingly in water, easily m alcohol and ether, melt at 146°, and distds without 
decomposition at 290°. 

By the action of cndmng agents, thymoilol is reconverted into thymoil, this trans- 
formation being produced aimoet instantly by nitric aoid, chlorine-water, ferric 
ohlonde, silver-nitrate, or potassic diehromato. In the oxidation of thynioilol, however, 
as well as in the action of reducing agents upon thymoil, a transient violet coloration 
IS produced, iodioating the formation of a body intermediate between thymoil and 
, thymollol. This body, thymeid, (thymoil) + G‘®*0' 

(thymoilol), is obtained pure by mixing equal weights of thymoil and thymoilol m 
alcoholic or ethereal solution. The liquid then immediately assumes a blood-red 
colour, and yields, on evaporation, violet orystaU, which eifobit by reflected light a 
greenish metallio lustre, like that of the wmg-casee of many inaects. 

Prom these relations, thymoil may be regarded as homologous with quinone, 
thymoilol with colourless hydroquinone, and thymeid with green bydroquinone or 
quinhydrone j thus, — 

= 0"H"0h 

Thyraoll. Thymoilol. Thymeid. 

C‘H<0* + 0«H"0’ = C'*H'«Oh 

Quinone. Hydroquinone. Quinhydrone 

TBTinOIZiAMISE. 1 

THYMOIIiIC Aon».[ See under Tsimoil. 

THTMOZIiO^. ) 

TBYIUOXi. Thymylia Egdrate. Thymylvi Alcohol. 

IhymylioAotd. Camphor or Stearoptem of Thyms-cnl — This compound, the oxygenated 
oonatituont of thyme oil (p 791)f is isomeric with cymyho alcohol (u. 298), and 
homologous with phenol. It was first obtained from thyme-oil by Doveri (Ann 
Ch. Pharm. Ixiv. 874), and afterwards examined more particularly by Lallemand 
(Ann. Oh. Phys [3], xlix. 148 ; Ann. Oh. Pharm. cu. 119) ; it appears to bo identical 
with the stearoptene of the volatile oil of horsemint (Monarda punetata, L.), which 
was examined by Arppe (Ann. Ch. Pharm. Ivin 42), and with that of the oil of 
Ptychotis AJowam, an East Indian umhelliferons plant, examined by Stenhouse and 
by Haines (iv. He). 

Preparation. — Thymol is obtained from thyme-oil, of which it forms about one- 
half, by fractional distillation, passing over chiefly between 226° and 236°. The more 
volatile portion, however (chiefly consisting of thymeno and oymeue, p. 791), 
likewise contains considerable quantities of thymol, which may be obtained by agitating 
the liquid with soda-ley, separating the untheBolved oil, diluting the alkaline solution 
with water, and supersatarating it with hydrochloric acid Part of the thymol some- 
times crystalhses spontaneously from the thyme-oil on cooling. Thymol is purified 
by crystallisation from alcohol 

Thymol is likewise obtained from the volatile od of horsemint, and from that of 
Ptychotis Agowan by fractional distillation and reorystallisation. 

Properties— Thymol crystallises in transparent rhomboidal plates, with angles of 
97° 30', striated parallel to the lateral faces, and often aggregated into irregular six- 
sided tables (Arppe). Prom the oil of Ptychotis Ajowan, it orystalheea (according to 
W. S. Miller) in rhombohedral cryetals , from alcoholic solution in very thin plates, 
which appear monoclimc in eongequouca of the groat development of two parallel 
rhombohedral faces. (Eorthe an^ar measurements, eee Gmehn’s Handbook, w. 410 ) 

Thymol has a mild odour, which (accordmg to Lallemand) is quite distdnet from 
that of thyme-oil, and an aromatic peppery taste. In the solid state, it is somewhat 
heavier than water, specific gravity = 1'0286, in the hqnid state rather lighter. 
It does not act on polarised light. Its meltmg-point is variously stated. According 
to Lallemand, it melts at 44° to a colourless liquid, and remains fluid for along 
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time after oooKng; but if pure, it solidifies immediately wlien touebed by a sobd body. 
Aoeording to Arppe, it melts at 48°, and does notsoUdify till cooled to 27°. Thymol 
from tlie oil of PiychoUs Ajowan melts, according to Haines, at 53° ; according to 
Stenhouae, at 44°. Thymol boils at 230° (Doveri, Lallemand), at 231° 
(Haines), at222°(StenhonBe), and dietils withont decomposition. Vapour-density, 
obs. c 5'4; calc. = 6-2. 

Thymol dissolves in about 300 pts. of waier, easily in alcoM, ether, and sirony 
acetio aoid, and is not preapitated from the alcoholic solution by irater. It is not 
altered by aqueous ammania, but takes up a large quantity of gaseous ammemw, 
becoming hquid, but resolidi^ng after the ammonia has escaped. It dissolves in 
aqueous poios/i and soda, forming compounds which are soluble in water and in alcohol; 
but are very unstable, being decomposed by acids, even by the carbonio acid of the air, 
with separation of thymol 

IVhon thymol-vapour is passed over soda-lime heated to dull redness, no gas is 
evolved, but a crystalhsable thymolate of sodium, 0"’H'’lfa0, is formed, which 
melts whenheatedjandwhendissolvedinwaterforms precipitatss with mercnrio chlondo 
and silver-nitrate. The mercnry-compound, winch is a’ basic salt, C®H“Hg"Ob 
Hg"0, has agrcyish-violet colour, is not decomposed at ordinary temperatoes by (filnte 
sulphuric or nitric acid, hut is decomposed by hydrochloric acid, with separation of 
thjTOOl. Alcoholic thymol does not precipitate the alcoholic solution of neutral load- 
acetate, neither does it precipitate silver-nitrate, even after addition of ammonia. 

Decompositions of Thymol, — 1. Thymol is somewhat altered by repeated distiUation, 
the hquid which passes over containing less carbon than the original substance 
(Stonhouae) — 2 It is decomposed by p/jo«p4ow anhydride, hut the products have 
not been obtained in very definite form. — 3. Strong sulpJmno acid, at 60° — 60°, 
converts it into thymylsulphuric acid 0'»H”SO*, but when heated with excess of 
sulphuric aoid.to 240°, ityields sulphodraoonic aoid (p. 621). — 4 It dissolves in 
glacial acetw acid, and subsequent addition of sulphuric acid forms aoetothymyl- 
sulphuTioaoid, C‘’H‘»SO' = (02H»0)(C‘<’H'»)S0‘ (LaU6mand).-6 Thymol is 
easily oxidised by ohronm aoid, or by a mixture of sulphurio aoid and manganic per- 
oxide, yielding a distillate containing fonnio acid and thymoil, (p 792), 

and a residue consisting of a brown acid, solid and friable at ordinary temperatures, 
and dissolving with dark-red colom' in alcohol. — 6. Ditrio aoid, whether dilute or 
concentrated, acts violently on thymol, giving off nitrous and oarhoiiio anhydrides, 
and fonning a number of products, chiefly resinous bodies, and a large quantity of 
oxalic aoid — 7. QUorme in diffused daylight acts with great violence on thymol, with 
rise of temperatoe, and ehminstion of hydrochloric acid gas, the thymol remaining 
liquid, and assuming a wine-red colour at the beginning of the action. If too great 
heat he avoided, the product consists of trichlorothymol , then, if the passage of the 
chlorine he continued in bright daylight, a very viscid oil is formed, from which penta- 
ehlorothymol gradually crystaUises (Lallemand) — 8 Oil of thyme, distilled with 
8 pte. chloride of hme and 24 pts. water, yields chloroform (Ohautard, Oompt rend, 
xxxiv. 486) — 9. Bromine, in sunshine, converts thymol into pentabromothjTnol 
(Lallemand).— 10. Thymol is not altered by hydrooUorto acid (Stonhouse). 
When hydrochloric aoid gas is passed over thymol, it quickly assumes a brown, 
and, after removal of the excess of hydrochloric acid, a purple-brown colour, but does 
not increase in weight by more tlian 2 to 3 per cent , even when heated , on distilling 
the product, unaltered thymol is first obtained, then a red sttbstanco (Arppe) — 
11 Thymol gently heated with sodium m a stream of carbonic anhydride, takes up the 
elements of the latter, forming thymyl-carbonio acid, =- O'^H'^O.COS 

together with thymotie acid, an acid isomeric therewith (Kolbe and Lantemann, 
p. 796.) 

Derivatives of Thymol. 

Pentabromotbymol, 0'“H?Br'‘0. — Thymol subjected to the action of bromine, 
ultimately in sunshine, is completely converted into a solid, white, earthy mass of ponta- 
bromothymol, which may be re^staUised from ether, melts at a rather high tempe- 
rature, with incipient decomposition and evolution of hydrobromic acid, hut apparently 
without simultaneous formation of hydrocarbon. (Lallemand.) 

ChlorothymolSi— o. Trichloroihymol, CWCPO, is obtained by passing 
chlorine-gas into thymol in diffhsed dayhght (taking care to avoid too much heating), 
till the thymol has absorbed a quantity of chlorine equal to two-thirds of its weight. 
On leaving the product to stand, long yeUow needles are formed, which ultimately causa 
it to solidify : they may he purified by expressing the remaimng liquid, and racryatal- 
hsing from other-deohoL 
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Trichlorothymol crystallises in lemon-yellow, oblique rhombic misms, which melt 
at 61°, and have an intoxieatbg odour. It decomposes at 180°.— Heated with oil of 
mtriol to 100°, it is converted into a colourless liqind, which floats on the oil of Titriol, 
solidifies on eoolmg, and, after solution in aqueous potash, precipitation with hydro- 
chloric acid, and drying, forms silky talc-like flocks. This substance has at first an 
agreeable odour of benzoin, melts at 46°, and distils mthont decomposition at 250° 
it dissolves in ammonia, and forms a salt crystallising in slender needles, — ^whence it 
IS probably trichlorophenol, with which it appears to agree in composition. 

13. Peniaohloroth^mol, C'“H’C1‘0. (Lallemaud, foe. czt.)— When thymol is 
exposed for a considerable fame to tho action of dry ehlorine-gas in bright daylight, a 
reddish-yeUow glutmons oil is formed, in which, after a while, crystals of pentachloro- 
thymol appear : they may be purified by recrystaUisation from ether. 

This compound forms colourless, very hard crystals, having the form of tnohloro- 
thymol (according to another statement of LaUemand, it has the form of thymol), 
meltingat 98°. It decomposes at 200°, givmg off hydrodilorle acid gas and trityleue- 
gas, 0‘II* while a solid product (trichlorotoluenol, 0’H*01”0) collects in the neck 
of the retort, and charcoal remains hehmd : 

20>'>H»01”0 = C'ffCl’O + 0»H« + 7H01 + CO +- 0». 

In one experunent, in which very pure pentachlorothymolwas heated, the carbonic 
oxide evolved towards the end of the process was mixed with marsh-gas, and the solid 
distillate, melting at 160°, and orystaUising from alcohol m needles, had the composi- 
tion of tetraohlorotoluenol; 

iCOTOloO =. 20’H'Ol*O + 2C«H“ + 12HC1 + CH‘ + 2CO + 0". 
Impure pentaohlorothyinol yielded also, by distillation, a large quantity of liquid pro- 
duct, wbioh, after tho solid products had been retSoved by weak potash-ley, boiled at 
265° (or, according to LaUemand’s first statement, at 366°), and hod the composition 
of dichlorocumene, C'H'W. 

Nltrotbymols. — These compounds, which possess acid properties, are probably 
formed by tho direct action of mtrio acid upon thymol, but they are more easily pre- 
pared from thymylsulphurio acid. (LaUemand, Ann. Ch. Phys. [3], xlix. 162.) 

a. Biinirothymol, or I)%nttrotliym,%o Aoid, C“H'’(NO*)®0 —When nitrio acid 
is slowly dropped into thymylsulphurio acid, or into the solution of a thymylsulphate, the 
liqmd becomes slightly warm, and deposits dinitrothymol as a reddish oil, which soon 
sobdifies in crystals. This compound melts at 65°, is sparingly soluble in water, 
and dissolves in all proportions of alcohol and ether. It is converted, by a mixture of 
nitric and sulphuric acid, into trinitrothymol, and by alcohol and sulphurio acid, into 
ethyho dinitrothymolate. — With bases it forms salts, which crystallise in silky needles, 
detonate at 160°, and dissolve sparingly in water, to which however they impart a 
strong colour — The potassium-salt is orange-yellow in the anhydrous, red m the 
hydrated state, voty slightly soluble in water. — ^The lead-salt, C“H'‘’Pb''(irO*), is very 
sparingly soluble in water , so likewise is the silver-salt. 

0. Trimtrothymol, or Trinitrothystiio Acid,G"‘K"(^Q'^)'‘0 — ^To prepare this 
compound, dinitrothymol is dissolved m sulphuric acid, and a small quantity of nitrio 
aoid is gradually added, without allowing the mixture to get hot On diluting witli 
water, yellowish flocks of trmitrothymol axe precipitated, which may be recrystallised 
from boding water. It forms beantiful yellow needles, which mdt at 100°, and 
decompose suddenly at a higher temperatnre ; dissolves sparingly in cold water, easily 
in alaoliol and va. ether . — A mixture of oil of vitriol and dooM readily converts it into 
solid tnnitrothyinio other. 

It umtaa with hoses, forming yellow or orango-ycUow salts, which detonate at 150°, 
and dissolve in water more readily than tho dinitrothymates. Tho aqueous solution of 
tnmtrothymata of potassium precipitates the salts of the heavy metals. — Tnmtroihy- 
mate of lead contains 28'83 per cent, lead-oxide, and is therefore C“H”Ph"(lT0‘*)'0“. 

THTMOTIC ACID. = C*"H«O.CO>. (Kolho and Lautemann, 

Ann Ch Pham. cxv. 206 ) — This aoid, isomenc with thymyl-carbome acid, 
C>"H‘®.H.CO", IS prepared by gently heating thymol with sodium in a flask through 
which a rapid current of carbonic aphydnde is passed A viscid yellowish-brown mass 
13 thereby formed, containing thymyl-carbonate and tbymotate of sodium ; and by 
decomposing this mass with hydroclilono acid, agitating the liquid with excess of 
ammonium-carbonate, and boiling down tho liquid separated from tbe thymol till it 
exhibits a faint and reaction, a clear solution of sodic tbymotate is obtained, from which, 
on addition of hydrochloric acid, thjraotie add separates in colourless flocks, eontaiiiing 
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a litfclo lesin. It ib purified by distiHation Tnth water, partly going over wifcb tbe water, 
and partly remaining as a eryataUme deposit m the coudenamg tube, 

Thymotio aoid thus prepared is a -white, loosely coherent, crystalline mass, having 
a silky lustra It is nearly insoluble in cold, and only slightly soluble in boiling 
water , feom. the boiling saturated solution itcrystallisas, by slow cooling, in long slan- 
der needles , -when boiled with water, it gives off pungent irritating vapoiM. It melts 
at 120°, expands m sohdifying, and may be sublimed without alteration. 

Thymotic aoid, left in contact with a warm solution of femo cMot ide, dissolves mth 
fine blue colour; the neutral solution of the ammomum-salt is immediately coloured 
deep blue by feme chloride. — Thymohe add heated with caustic baryta is resolved 
into thymol and carbonic anhydride. (Kolbe and Lautemann.) 

"By pmtachlonde of phosphorus, it is converted into thymotide (Naquet) ; 

+ POl' = PC1“0 + 2HC1 + 

Thjmotlo Thymotide. 

The thymotates of the alTtati-rnclah are soluble in water. — The banim-salt is obtained 
in large tables or lanunse, by dissolving the acid in baryta-water, and separatiiig the 
excess of baryta -with carbomc add, or by mixing th3rmotato of ammonium with 
chloride of barium, and evaporating. The lead-, copper-, and silver-salts are flocculent 
precipitates. 

TKYMOTIBB. C"H»0“ (Naquet, BuU. Soo. Ohim. [I860], ii, 92,)— A body 
produced by the action of pentaohloride of phosphorus on thymotio acid (supra), or by 
heating the latter to 200° with phospliorio anhydride. To prepare it, 1 at sodic thy- 
motate is heated with. 2 at. phosphoric pentaohloride (the action begins, however, in the 
cold), the heat being ultimately raised to 200°. Hydroohlorie aeicl and phosphono 
oxychloride are then given off, and a pasty mass remains, which, when freed from the 
oxychloride by water, dissolves completely in ether. The ethereal solution leaves, on 
evaporation, a gummy reeidue free from chlorine, which gives up to boiling water an 
aoid, forming a white precipitate -with ferric salts (probably Ihymyl-phosphono acid) , 
from the residue, dilute potash extracts thyinotie acid The portion thou romaimng 
undissolved consists of thymotide and a yellowiBh resin having nearly the same com- 
position 

Thymotide crystallises from alcohol in white, mostly microaoopic needles, which molt 
at 187°, are not altered by hot potash-ley or by heating to 200° with water, but by 
fusion -with potassium-hydrate are converted, without evolution of gas, into thymotio 
acid. 

TH'SMUS. Seo Thimb, Oil op (p 791). 

THTraitfS-GlAlirD. (Gomp-Besanaz, Ann. Oh, Phaim. Ixxxix. 115 , xovin. 
1.— St adel or andPreriehs, Muller’s Archiv. [1864], p 388 , 'Wienormed. Woohen- 
Bohi [18541,No. 30; Yerbondl. d naturforseh GeseUsoh.z Zurich, Bd. iii ii. iv. ,J pr, 
Chem. bndi 48. — Scherer, Ann Oh. Pharm. evil. 314 — Fnedleben, Die Phym- 
logieder Thymusdruse, Braakfait, 18S8.)— This gland, called “sweetbread” in the 
calf and lamh, is an organ situated in front of the pericardium and the large vessels 
arising from the base of the heart. In the embryo and the in&nt, it has, in pro- 
portion to the rest of the body, a very considerable size, but in after-bfe it becomes 
comparatively smaller, and at last nearly disappears. Ib has been found to contain, 
besides water and the chemical constituents of its solid tissue, the following OTganic 
compounds —soluble albumin, leucine, surcino, xanthine, volatile fatty aeids (in- 
cluding formic and acetio acids), also laotae acid, succinic acid, sugar, and exti’active 
matters The inorganic constituents are potash, soda, magnesia, lime, phosphoric 
acid, sulphimo acid, chlorine, and ammoniaeal salts. Qorup-Besanez found m the 
tbymns-gland of the calf, a crystalhsable, slightly basic substance, which ho at first 
regarded as a pecuhar compound, and designated as thymine, but he afterwards 
found Uiat it was identical with leucine. The juice of the feesh gland mobtly has 
a alight acid reaction, rarely alkohne or neutral. 

According to Priedlehen, the quantity of fat in the gland increases considerably 
with the age of tlie animal, whereas the amoimts-of gluten and albumin exhibit but 
small differences at different ages. The proportion of earthy phosphates gradually 
increases, with the groudh of the animal, up to a certain point, and afterwairis diminishes 
The amount of potash exceeds that of soda. Priedlehen found the quantity of potash 
at all periods of life to be nearly constant, varying only from 31 8 to 32'8 per cent , 
whereas the soda in a calf of ten days to three weeks old, amounted to only IBporeent, 
while in young oxen of twelve to eighteen months it was from 28 to 24 par cent. Tlie 
aquooius extract of the thymns-gland of the calf leaves an ash almost wholly soluble 
in water, and containing potash in large quantity, pyrophosphono acid, and oWonde of 
sodium, together -with sm^ quantities of magnesia and sulphuric acid. Gorup-Besanez 
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found tlie proportion of potash to soda m one case to he 2'18 : 0 60 , in another, 
9*96 ; 3‘21 The quantity of phosphoric acid (anhydride ?) to that of chlormo -was, in one 
experiment, as 23 2S 14 34. According to Iriedloben, the quantity of lime 
ill the thymus exceeds that of magnesia; Gornp-Besanez, however, found the 
contrary proportion. (Handw. d. Ohom. viii. 836.) 

THVMYIi. C'S'^.-r-The radicle of thymol and its derivatives. 

THYWIVt, KYDBIBB OP. Cymene (li. 295) may bo supposed to 

be thus constituted ' 

THYiWYtsxjiiPmrttro aczd. C''’H”S0< = (C'“H'")HSO* ■=■ 

Sttlphofhymio Aeid. (Lallamand, Ann. Ch Phys. [SI xlix. 160.)— Thymol dis- 
solves abundantly in oil of vitriol at 60° — 60°, and soudiflos on cooling to a erys- 
tallme mass, haviug only a famt red colour. By dissolving this mass in water, 
and saturating the solution with carbonate of barium or carbonate of lead, sul- 
]ihothymate of barium or lead is obtained, from which the siilphothymic acid 
may ho separated, and crystalhsed by evaporating its aqueous solution m a vacuum 
It orystalheos in translucent pearly tables or prisms, which contain C'"H‘'‘SO ‘.ffO, 
and do not deliquesce on exposm-e to the air, hut are very soluble in water 

Its aqueous solution, treated wilJi mirto aetd, forms dmitrothymol ; with sulpliurio 
aoid uni puroside of manganese, or d%ohrontate of potassam, it forms thymoil (p 792) 

With bases it forms the thymyl- sulphates, C'E^JISO*, jvhich ciwstalhse in 
forms of the mouoohuio system They decompose at 120°, with violet-red colouring, 
and volatilisation of thymol. — ^Tha awmonxim-salt, which separates from its aqueous 
solution m well-developed crystals, also the potassium- and sodimn-salts, leave, whou 
thus treated, anhydi'osulphates * The sulphothymates dissolve very easily in water and 
in absolute alcohol, somewhat less in ether. 

Aoetothymylsulphur^c Acid, C»H'»SO« = Sulphaceto- 

thgmm Acid (Lallemand, loo. ctf.) — ^When thymol is dissolved in glacial acetic 
aoid, and oil of vitriol containing a little anhydrous sulphuric acid is added to the 
mixture, combination takes place at a gentle heat ; and the liquid, on cooling, deposits 
a erystalhne mass, which must be dried on porous earthenware, and freed from excess 
of aootio acid, by leaving it overquiekhmo m a vacuum 

The aoid is soluble in water, with bases it forms crystallisabla salts, which become 
anhydrous without decomposition at 110°, but are decomposed, with hboration of 
acetic acid, when their aqueous solutions are boiled or qmckly evaporated. The salts 
are soluble in water and in alcohol. 

Sulphaoeiothymate of Hanum, C**H**Ba"S''0"', is obtained by saturating the aeid 
■with carbonate of barium. 

THTiavXiSPX.PHTmovs AOIB. 0'"H'*30*. Syn. With CTMn,suwmmous 
Aoid (ii 299). 

XXOTmAS POISOir, An arrow-poison, used by the Tecunas (or Ticunas) and 
other Indian tribes dwelling near the Amazon. When given to anipiala, it produees 
strong convulsions, lasting for hours. It probably contains^ picrotoxin, like other 
South-Ameriean arrow-poisons; but it has not been accurately investigated. 

TIIiE OBE. The earthy variety of native cuprous oxide (li. 70). 

TIIiKEBODZTB. Seleuide of lead and cohalt (ill. 667). 

TIEEAKTESIA. A genus of monocotyledonous plants, belonging to the natural 
order Bromehaoea T. usneozdes (called Barbe de viedlard by the Prenoh, Barba de 
Pao by the Portuguese) is a parasitical plant, growing on trees in Carolina and the 
W eat Indies, and having long, wiry, contorted stems, which creep along the trunks and 
branches of old trees, and sometimes hang do'wu in a hunch, hke the hairs of a horso’s 
tail Those stamp, whan stripped of their leaves and bark, are used as packing 
material instead of horsehair. TiUandsta recurvata, growing in Peru, is also used for 
the same purpose. , 

According to Avequin (J Phnrm. |j3], xxxv. 96), 100 pts. of the dried plant of 
T usneoides [at what temperature ?] yield 3 23 per cent ash, containing, in 100 pta., 
36'4 carbonate, phosphate, sulphate, and chloride of potassium, 18-6 lime and carbo- 
nate of calcium, 28 6 phosphates of calcium and magnesium, and 17'4 sdica, -with 
traces of lime and magnesia. 

• UnlesB the srUb contain water of cryatalliwitlon. It is not easy to understand how thymol cibi ho 
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TiUoxidsia dianfluMea (L.), an air-plant, -wliieh does not grow in immediata contact 
with the soil, neverthaless contains ftom 6 to 8 per cent ash, consisting chiefly of silica, 
together with lime and magnesia, and traces of aUcahs, phosphoric acid, manganese, 
iron, Bulphuno acid, chlorine, &c. (De I/iica, Compt. rend, if, 176.) 

TIKA. A medicinal preparation, introduced of late years as a remedy for phthisis. 
It is imported from Tampico, and is said to be prepared as a syrup, by hoilmg the 
fimits of Oreweafia edtilts with sugar, and mixing the product with almond-oil. 
(Arch. Pharm. [8], cvii. 875; Handw. d. phem.Tiii. 8i0,) 

TXKAZXXIi, Breithaupt’s name for a rock, occurring in Eastern Servia, formerly 
regarded as belonging to the traohytes. It is potphynUc, and related to diorite, or to 
the Bo-eallod greenstones. 

TIK, EtMn. Zvm. Stannum. — Atonm umgU, 118; Symbol, Sn. — This metal 
has been known from the earliest times • it is mentioned by Moses (Enmbers xsxi. 
22), The Plironicians, long before the Christian era, fetched the metal Kaa-a-lrepos 
ftom the British Isles, anciently called, the CassiteridCs. The word Kaaakepos 
appears, however to have been applied m very ancient times, and the Latin word 
atannim somewhat later, not so mneh to tin as to certain white metallic alloys ; 
at all events, tin and lead were regarded as similar metals, and were often con- 
founded Even Pliny sometimes does not use the word stannum for tin, but desig- 
nates this metal as Plmibmn aibam, s. aandidum, in contradistinction to lead, or 
Plimbwm nigrum. It was not tiU the fourth eentoiy of the Christian era that aton- 
mm was applied tosthe metal now called tin (Kopp’s GesoUcMe), which was after- 
wards named Jupiter by the alchemists, and represented graphically by the symbol 
of that planet, 3f, 

Oocurrence and DiatriJmiion. — ^Tin occurs much less feemiently thau many other 
metals, as iron, copper, lead, zinc, &c , as the commercial supplies of it are drawn from 
comparatively fewlocalities, Devonshire and Cornwall yielding by for the largest quan- 
tity. The stream-works of the peninsula of Malacca and thsDutch island of Banca pro- 
bably rank next in importance The exports ftom Bolivia are now very considerable, 
end large quantities have of late years been extracted from the mines of Saxony 
and Bohemia. A valuable addition of tbe metal has been obtamed from Austeha, 
shipped almost entirely from the port of Melbourne. The Australian tin contains, at 
times, so large an amount of gold, that the latter con be profitably extracted. No other 
deposits, of Buffieient magnitude to be the object of mining explorations on any con- 
siderable scale, are at present known ; but oxide of tin {CassiisrUe) has been found 
in small quantities m the Isle of Man, Ireland, Greenland, Eranoe, Gallioia, Spam, 
Silesia, in the Fichtel and Eiesengebirge in Germany, in Eussia, the Dmtod State.s, 
Mexico, and Brazil. No mines are worked in Peru, but the name Peruvian tin has 
originated from the produce of the mines of Oruro and Oarabuoo, in Bolivia, being ex- 
ported from Ariea, a seaport on the Peruvian coast 

Tin occurs in the metallio state, somewhat more frequently as disulphide, m 
tin-pyrites, hut most abundantly as dioxide or stannic oxide, forming the ore called 
tinstone, or cassiteidte. 

2tative Tin (metaUic tin) has been described by Hermann as oeonrring in the gold- 
sands of Siberia, and by Porhes in the auriferous drift of Tipnani in Bolivia; but ns 
both these speeiaens contain lead, a metal seldom present together with tm-ores, it 
may be doubted whether the tin so found may not have been derived from artificial 
sources. Native tin has also been reported from Oruro, in Bohvia. (Porhes, Phil. 
Mag. M,xxix.l33.) 

Tin-pgniee (stanmne, beU-metal ore, Zinnkies) is found in small quantities in the 
tin-venis of Cornwall, Saxony, and Omio (Bolivia). It has the composition of a caproBO- 
ferrou3sulphoBtaniiate,p^„g|snS", the iron being generally more or less replaced by 
zinc ; it contains from 14 to 30 per cent of tin. 

Omsitents (tinstone, stream-tin, wood-tin), the dioxide or hioxide of the metal, 
SnO®, may be regarded as the only ore of tin found in sufficient quantity to he the 
subject of mineral exploration ; it is found both m veins and in alluvial drut-deposits, 
accompanied in many cases by tungsten, generally as wol&am, as in Cornwall, 
Prance, Saxony, Bohemia, Bolivia, &c. In the alluvial depositSt native gold is gene- 
rally, if not iayariahly, found to accompany cassiterite, as is the case in Cornwall, 
Ireland, Virginia, Bolivia, Australia, &c Although tin seldom enters into the compo- 
sition of other minerals, it seems to be characteristic, though occurring only in very 
minute quantiUes, in some of the com^unds of niobic or colnmbic, tantalic, and 
titayo adds: thus it has been observed in eolnmbite, pyrocblore, tymte, tantnlite, 
yttrotantalite, fergusonite, aeschynite, polymignite, &o. Traces of tin have been 
reported to occur m meteorites, and also in a variety of iron-pyritea from Spam. 



aro of varying tliickneBs It is sometimeB also found in numoions lamifleabona of 
small vsms or “ Stockwerke,” urMcli oo(ot in felspar, porphyry, or in a granite whicli 
frequently has its felspar disintegrated into kaolin, or cluno-elay. These little veins 
seldom enooed six inches in vridth, and are frequently not neatly so wide ; they rim 
gjenerally east and west, with a dip almost vortical ; this description of ore is the com- 
mon “ tinstone ” 

The lodes m Cornwall are grouped into ti^'ce districts, namely: first, in the south- 
west of the county, beyond TVuro, near Helston ; secondly, in the neighbourhood of 
St AusteU , and thirdly, in the vicinity of Tavistock, in Devonshire 

Many of the lodes traversing granite are worked profitably, as the rock in which 
they occur is generally softened by decomposition. As a general rule, the veins having 
an easterly or westerly direction are those which have the ore in profitable abundance, 
while those ranging northerly and southerly often contain other metals. 

Although there are numerons exceptions, yet, as a whole, the distribution of this ora 
is somewhat marked. Certain combinations of rocks appear to be the conditions 
which may have assisted in rendering the ores of one metal more abundant than those 
of another in the range of parts of tho same mineral lode. !For instance, it is often 
found that a lode is cupriferous amid the slate-eountry, and chiefly stanniferous 
towards the granite. Some of the copper-vsms m Cornwall have been worked for tin 
upon their backs, as the upper part of mineral veins are often termed in the mining 
districts, and have been abandoned when copper-ore was obtained beneath. In other 
places, copper has been found between tin ; at Dalcoath mine, Camborne, tin occurred 
lu profitable quantities in the depth, after the vein had been worked chiefly for copper, 
the highef portions having formerly furnished tin as the pnncipal ore. 

If tin be discovered first, it sometimcB disappears, after sml^g a certain depth, and 
IS succeeded by copper , m others, tin is found to the depth of more than 300 fathoms 
beneath the snrfaoe. If a copper lode meets one of tm, it usually passes through it, 
and heaves it out of its course. 

Metallurgy qf Tm. — Tin, as above stated, is entirely extracted from the dioxide. 
The mn-tm requires mnoh oars in dressing, to separate mechanically the various 
foreign euhstanoes which it contains. Tho preliminary operations are: — 

1. Cleansing the rough ore as it comes from the mine. This is sometimes done by 
placing the ore on a grating, allowing water to faU over it from some elevation, or by 
agitating it with a stream of water. 

2. Sorting the cleansed, ore into fonr qualities • 

1. That which is rich in tin 
n. That containing tin and other metals. 

IIL That containing copper-ore. - 
IV. Stony gangue, or useless ingredients. 

3. Stampingor rolling the ores No. I. into a certain fineness, according to its quality, 
which IS of so much importance that it is regulated by a copper plate pierced with a 
certain number of holes in the square inch, placed in front of the stamp-box, through 
which everything from the stamping-mill is made to run off, with a constant stream of 
water introduced for the purpose. The stamps are of the usual description : the bars 
are of wood, between five and six inches square, fastened by a tail to a cast-iron head, 
of about 280 lbs. weight. The stamp-chest is open behind, so that, as the ore ispounded, 
it slips away from under the stamp-heads by its own gravity, along an inclined plane 
with a stream of water. Tho rolls are similar to those for other ores , generally, they 
consist of two pairs of smooth cyhnders, turning simultaneously in opposite directions. 
Above tho upper pair is a hopper, which discharges down between them, by means of 
a particular mechanical contrivance, the ore which is brought to it by waggons ; these 
waggons advance upon a railway, and empty thoir contents into the hopper through a 
trap-bole Below the hopper is a smsll non bucket, which receives the ore, is shaken, 
and throws it continually upon the rolls by the constant jolts given to it by a crank- 
rod This bucket is so contrived, that too much ore can never faU upon the roUs and 
obstruct thou- even movement. A smaU stream of water is often led into the bucket, 
spreading over tho rolls and preventing them from heating After the ore is reduced 
to powder, it next undergoes the very important operation of washing. 

This operation is carried on under very advant^eous circumstances compared with 
the similar operation with most other metals, in consequence of the high specific gravity 
of the cassitorite, which enables the washing to be profitably applied, even when the ore 
contains only 0'6 to I'O per cent of tan. Tho ore is washed either in a huddle and 
tossing-tub or dolly (in the German chest or rack), or in the trmking-hox, wluch are 
employed according to the different conditions of the pidveriaed ore. As the process 
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of wasMng dos^ not dififsr fflaterially from that adopted for the ores of dthor metals, it 
is iBmeteSBary to enter into a descnpfaon of the various machines employed in Cornwall. 
'I'ha rich, prodncta of the -washings consist principally of stannio omde and the heavy 
metalliferous ores, such as arsenides, disulphides of iron, and wolfram mixed with sands 
and slimes. The sands from several of the tin-mines, after washing, have a -white me- 
tallic flolonr, arising from the presence of arsenical pyrites (mispicM) ; the workmen call 
them tin-mhits. After the ores are washed, they are removed to the burmng-honsc, 
to he calcined m a reverberatory calcmer, which differs hut slightly from that em- 
ployed for eopper-oros, excepting that ^ is smaller, and has only one door. The 
chimney generally leads to flues, in whict the arsenious acid is condensed. At Par 
Consols the calciners have the following dimensions : — 

The bottom, from the bridge to the front-door, is 7 ft. 4 in. long, 6 in the centre, 
1 8 in. -Wide at the ftont-door, 8 in. high over the bridge, 16 in. in the centre, and 10 in. 
high at the sides. The ores are charged in the usual manner from a bin or hopper, 
the caleine-man extending them first over the surface near the bridge. They are rabbled 
every 20 or 30 minutes, according to tho nature of the ores, and are divided into three 
heaps across the furnace, to expose their sides to the direct action of tho heat When 
some bright points are seen on the surface of the ores, end there is no longer any 
escape of white fumes, the -work is finished. At the commencement of the calcination, 
only a moderate heat is applied, which is gradually increased until the sulphur (from 
the sulphides of iron, &e.) is nearly expelled. Wlien the operation is conducted care- 
lessly, and the heat applied too rapidly, a fusible sulphide of tin is fomed, and the 
mass agglutinates, which is termed kermiug; if this accident should happen, it is 
neooesary to giind the ores over again. 

When tho ohaigo is sufficiently oalomed, it is removed from the ealciner, and exposed 
in small heaps to tho action of the atmosphere for a few days, to promote the oxida- 
tion of any remaining sulphides into sulphates. When thus oxidised, it is thrown into 
a large tub filled with water, etiri'ed -with a wooden rake, and loft to settlo, by which 
means the sulphates of iron and copper aro dissolved. The water is afterwards 
transferred into a large tank, and the copper which may be in the solution is recovered 
by precipitation with metallic iron. The ore thus calcined, oxidised, and lixiviated, is 
washed once more on the rack-table, and the hghtor parts removed. The hea-nest 
parts necessarily contain the most metal, and are sold to the smelters under the name 
of black tin. That -which remains in tho middle of the table, being much mixed 
■with -wolfram, is colled mock-lead, and sent once mora to the stamps to be crushed and 
washed, after which it is sold as block tin. 

The rotary caloiners calcine -well, and do much work ; but they must ho put in 
motion either by water or steam-power, and the cost of their erection is much greater 
than that of the ordinary reverberatory caloiner, which can he put up for about »30. 

The usual cost of calcining, per ton of black to, is • 

For lohour oi 

1714 lbs. of coal, at 18s. per ton . . 9 6 

13 ej. 

to -which must he added the wear-and-tear of utensils, &e. Some calculate that the 
average cost is greatar, amounting to 20s per ton • from this is to he deducted, however, 
the value of a large quanbty of arsenious acid obtaanod The mean yield of to-ores 
prepared m Cornwall may be estimated at 2 per cent. — that is to say, 60 tons of 
ore -will give 1 ton of bla^ tm. The cost of the mechanical preparation of the ores 
Varies greatly in proportion to their yield, the hardness of the gangue, &o., but those 
of the usual produce and hardness may ho reckoned at is lod. per ton of ores, or 
about :gl2 per ton on black tin. There are, howevor, many ores which do not contain 
more than 0 S per Cent, of metal, hut they are easily dressed, as the grain is large and 
pure, and they require no calcinmg. then.- cost of calcination may ho calculated as 
follows • 

s. d. 

Bugging and spalling . . . .10 

Stamping 0 4 

Woshmg . . . . ■ . . 1 0 

2 4 per ton of ore, 

equal to £28 6s. 8d per ton of black to. This estimate does not take account of the 
loss in washing, which is supposed to average fully 20 per cent., and in the assay, which 
is Jess than the actual product 

The smelting of the black tin is effected in reverberatoiy furnaces. When 
only an impure metal is required, it undergoes two different processes— first, in a reduc- 
tion furnace, and then in a refining furnace. When a very pure tin is wanted, called 



TIN. 


801 


’ gruiin-tm, the stream-tin is fused in a blast-flimaea supplied -with charcoal. It -will 
be seen (by figs. 817, 818, and 819), that the rererberatory furnaces employed are not 
essentially different from those for copper, except in the addition of the two round 
basins (Jig. 817), D D, into which the melted tin is drawn off and ladled into moulds 


%. 817. 



When the furnace is properly heated, it is charged with about a ton of Jaleined ore, 
which IS intimately mixed with fine charcoal or anthracite-coal, to the amount ol 
about 20 per cent, of its weight ; also with some slaked hme or fluor-spar as a flux 
When the charge is let down, liie aperture 0 (fig. 818) in the roof of the bridge is 
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openf'd, ■ffMcli permits tiie escape of fumes. The heat of the furnace is at first, gently 
laiPed, for if it were too great, the tin-oxide would unite with the quartz of the gangue, 
Jind form a very difficultly decompoeihl© silicate. Tlie cliarge is allowed to heat for 
VoL V. 3 3? 
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BIX or eight hours, -when the door is opened, and it is thoroughly stirred with an iron 
rabhle, to effect the eepaiation of the metal and the slag. .Wter waiting a short time, 
to allow the metal to suhside, the slag or Bcona which floats on the surface is skimmed 
off with a skimming rahble, and preserved ; the upper of the slag is poor in 
metal, but the lower is rich ; it is therefore re-smelted. When the metal is perfectly 
skimmed, the tap-hole (which is stopped with a plug of diy wood) at the side of the 
furnace is opened, and the tin allow^ to flow into the circular hasins. 

The tin, thus reduced, is hy no means pure : it is necessary that it should undergo the 
refining process, which is performed hy liquation and refining proper (lixiviation). 
Liquationis accomplished in a reverberatory fliruace, very sinmar to that in which the 
smelting is effected ; hut it is provided with a more sloping bottom, similar to that for 
refining copper. The pira of tin are piled up on the bottom, close to the bridge, and 
the tin, whan moderately heated, gradually melts, and flows down mto therefining-hasm 
made in the bottom. "WTiBn the blocks are exhausted of pure tin, skeletons of the 
pigs remain as a refractory residuum, consisting chiefly of oxides of iron and other 
foi eign metals. More pigs are placed over the remams of the first, and the metal is then 
iTin fi'om the furnace into a large iron pan or kettle, which holds about five tons. 

The next process IS refining proper, or lixiviation. — The kettle or reflumg- 
basin is placed over a fire-grate, and heated so as to preserve the metal in a fluid 
state. Into this metal bath, billets of greenwood are plunged, and set in a rotary 
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motion by a machine called a gMet, placed over the kettle ; the disengagement of eas 
from the wood causes a constant ebullition in the tin, and a froth on the surface, winch 
IS composed chiefly of the oxides of foreign metals and tin , this is skimmed off the 
surface, and reserved for re-smelting. 

In about three or four hours, the boiling is finished; the greenwood is removed, and 
the tin tillowed to settle. On cooling slowly, the metal separates into different strata, 
of which the upper is the purest, the middle slightly charged with foreign metals, and 
the lowest very impure. After a couple of hours, it is gently ladled out into moulds. 
The quabty of the tin depends on tbe order in which it has been ladled ; the first 
blocks contain, of eourse, the purest metal, and the last are so impure as to require to 
be again subjected to liquation and refining. The whole operation requires from five 
to SIX hours, including from one to two hours for the subsidence of the metal. The 
moulds into which the tin is oast are generally made of granite, and ate of a size 
suffloieut to contain three hundredweight of black tm. 

Tin-ore melted in the blast-furnace produoea the purest metal. When the furnace 
is thoroughly heated, it is charged with ore and charcoal, damped to cause an adheison 
between the two, and the furnace is constantly kept ftill while the operation is going 
on The tin is allowed to mu into the first basm, and then into the second, where it 
is left to settle for some time The tin in the metidlic bath falls into strata similar to 
those from the refining furnace, the impure part settling to the bottom, whicb is again 
ro-smelted. 
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Grain.-tin is formed from tlie flnoat blocks; these are heated to nearly meltmg- 
point, when they become buttle ; they ore then dropped from a considerable height , 
the metal is thus broken, and forma olongatod grains or tesjs. 

The reverberatory furnace eonanmes abont two tons of coal for one ton of metal ; 
the hlast-fumace about thirty-one hundredweight of charcoal for one ton of metal 

It IS very diffieult to jlud out the exact loss of metaUic tin in smelting by the rever- 
beratory and hlast-furnaces It has, however, been found that black tin, which 
gave 73 per cent, of tm by assay, yielded 66'6 per cent, of pure tin when smelted and 
refined, leaving a large quantity in the state of sdicate, most of which, no doubt, 
could be recovered. In the blast-furnace the loss is considered to bo about 16 

^ Froperties of Thu . — ^Tbe tin of commerce is never pure ; the metal from Banca con- 
tains, perhaps, the smallest amount of impurity. Tin is generally associated with 
small quantities of arsenie, lead, iron, copper, and oecasionally tungsten, manganese, 
antimony, zinc, bismuth, and molybdenum To obtain it chemioaify pure, the tm of 
commerce is granulated and dissolved m strong hydrochloric acid, a small quantity of 
water is eautiously poured into the solution, so as to form two strata ; and a plate of 
tin IS then introdnoed, traversing the two liquids. After some time, otjrstals of pure 
tm are deposited upon the plate, owing to the feeble galvanic current which is excited. 
Or tin may he digested in nitane acid, the white insoluble residue (metaatamiie acid) 
digested in dilute hydroohlorio acid, and the resnltuig powder reduced by charcoal. 

Tm is a white metal, having however a peculiar yellowish tinge 'Wien warm, it 
omits a characteristic smell, and a bar, when bent, gives a singular crackling sound 
{ion d’eiain), owing to the interior crystals hroakmg against each other It is soon 
tarnished V the au' of large towns, owing probably to a film of sulphide, as it is not 
sensibly afieoted by the combined presence of air and moisture. Tin, with the excep- 
tion of lead and thallium, is the least tenacious of the well-known metals. A wire ^ 
of an inch in diameter will support only abont 31 poiinds a bar, a quarter of an 
inch m diameter, wiU not support more than 294 pounds weight. The mallcabili^ of 
tin is very considerable , it is expanded, by combined hammering and heating, into 
sheets or leaves called tinfoil, barely j^th part of on inch in thickness. It is tinfoil 
that IS laid upon the hack of glass mirrors, and there amalgamated with mercury, 
forming what is called the silvering. 

Tm can he easily obtained in crystals, in the same manner as bismuth. The best 
method is to fuse some pounds of tlie metal, and, when it is nearly solidified, to pierce 
the centre of the mass with a stick of incandescent charcoal, and ponr off the portion 
which still remains hquid , fine crystals of tm are then found upon the sides of tlie 
interior. Tin, indeed, has a remarkable tendency to ciystaUiso, ns may easily he 
shown by washing the surface of the metal with waim, diluted, nitro-hydrochlorio 
acid, when it becomes covered with a mass of crystaUine forms, having a very beautiful 
appearance something bke watered silk, and formerly much used, under the name of 
moirie mtallwue, for the manufeeture of workhoxes, tea-eaddies, &o. The appearance 
IS caused by the unequal reflection of light by the facets of the ciystals exposed to the 
aotiou of the acid. Louis Vallet, in 1817, obtained a patent for the production of these 
crystals, or, as he expressed it, for the manufacture of a new ornamental surface of 
metal or metallic composition. The surfaces of tin, or of metals coated with bin, are 
washed with a mixture of 10 pts. of snlphurie add diluted with five times its hulk 
of water, together with 1 pt. of nitric acid diluted with its own weight of water 
In the following year (1818), Mr. M. Isamhard Brunei obtained a patent for a 
somewhat similar applieabon of acids on the surface of tin. The process is thus 
described “ A new species of tinfoil, capable of hemg crystalhsed in laige, varied, and 
beautiful orystalhsation.” A sheet of tm or tinfoil is laid evenly upon a flat plat of 
metalUe or vitreous substance, which may he heated &om below by a bath of molted 
alloy, as of two-thirds of tin and one-third of lead heat is then applied, by means of 
common gas-jols and flexible tubes, to those parts to which it is dosir^ to give an 
ornamental crystalhne conformation. Sulphnine aeid diluted with 6 pts. of water, 
and nitrous (?) acid diluted with 1 pt of water, are mixed m the proportion of 10 pts. 
of the former to 1 pt of the latter, and apphod by a brush to the surfece of the tm , 
It is then washed, and may bo varnished or japanned in the usual way. 

The speoiflc gravity of tin is 7 20, and is not sensibly increased by rolling. 
That of the crystals was found by Miller to be 7 177 . according to Deville, the 
speoiflc gravity of slowly-cooled tin is 7 373 ; that of tin rapidly cooled, by pouring 
into water, 7 239. Its cubical expansion for 1°0. (between 9° and 72°) is 0 000070 
(Kopp.) 

Tin melts at 222° (Orichtonand Rudborg), at 230° (Knppfer), at 237 2° 
(Person). Its specific heat in the solid state is 0'0562, in the hqiiid state 0 0637 , its 
latent heat of fusion, between 250° and 360°, is 14 262 (Person). It boils at a white 
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Imt. It has but a Bmall heat-conducting power (according to OaWerb = 422, that 
of silver being 1000). It talces a fine polish, and has then but little radiating power: 
hence vessels of polished tin are well adapted for keeping hquids warm. 

Tin does not oxidise at ordinary temperatures in the air, even when moist, and but 
very slightly m water, retaining its metallic lustre for a long time • honoo iron which 
is to be exposed to the air is often tinned, to prevent it from rusting When tin is 
fused in the air, its surface becomes covered with a thin grey film, containing both 
protoxide and dioxide of tin. If the film be removed, it is again formed, end u this 
grey powder be eontinuonsly heated, it becomes white. It is used for polishing plate 
in the same way as which is obtained by the action of niteic acid upon 

the metal. 

If tin he kept at an ordinary red heat, it gives out vapours, but they have little 
tension, and there is but small loss of weight, at a strong white heat, it burns in the 
air with a bright flame. At a full red heat it will decompose steam, with evolution 
of hydrogen. 

Strong mtrio oMd of specific gravity 1‘6 doeanot act upon tin, the metal even preserv- 
ing its oharaoteristie brilliancy ; hut if the acid is diluted, it attacks the metal with 
extreme violence, the tin being entirely converted into metnstannio acid. 

Tin dissolves slowly in dilute or cold hydrochlono add, hut rapidly when the latter 
IB hot and concentrated, evolving hydrogen-gas, and yielding diehloride of tin. 
Dilute sulphuno aod, when boated, attacks tm slowly, with emission of hydrogen, but 
the hot ooucentrated acid acta more energetically, with production of sulphurous 
acid Pused nitre and the hydrate of potassium and sodium, at lugh temperatures, act 
upon tin. It combines directly with su^hur, phosphorus, chlorine, iodine, &o , and forms 
alloys with many metals, particularly with copper, to which it gives a hardness 
appiuaclung to that of steel 

Tin in a state of fine division is violently acted npoa by cUvnds of sulphur, 
the heat evolved being so great that the sulphur-compound (winch must bo returned) 
passes over with tho tctraclilorido of tin (Wohler, Ann. Cb Pharm Ixxiii 374.) 

Compounds of Tin — Tin forms chiefly two classes of compounds namely, the 
stannous compounds, in which it is diatomic — a.y., SnCl^SnO, SuS, Sn(SO*), Sta. , and 
the stannic compounds, in which it 18 tetiutomic— s.p, SnCl*, SnO'". SnS=, Sn(S0*)s &e. 
There are also a sesquioxide, Sn-0’, a sosqmsulphido, Sn'S’, and several compounds of 
tin with aloohol-radiolea, in which it is trnitomie. P. P. 

TIN, AIiZiO'S'S OP. Tm unites with most other motals, foiTning, in many cases, , 
biird ductile alloys. Small quantities of tan are often sufficient to impart poonliar pro- 
perties to an alloy 

Many of the alloys of tm have been already described m connection with the other 
metals. Por Matthiessen’s detorminations of tho speoiflo gravities of tm-alloys, see 
Pogg Ann. cx. 21 ; Jahresb. 1860, p. Ill ; also the ajitide Metais in this Dictionary 
(iii.,948). 

Tin and Antimony (i. 817) — ^According to Ohaudot, 10 pts, tm and 1 pt. anti- 
mony form a perfectly ductile alloy. 

T in and Arsenic unite easily when heated together, forming a hard, brittle, lami- 
nar mass, less fusible than tin. When the proportion of arsenic is large, the aUoy is 
insoluble in hydroehlone acid , with a amallor amount, it dissolves, with evolution of 
arseuietted hydrogen, leavmg an alloy richer in arsenic (Soubeiran ) 

Tin andBismuth — ^An alloy of 177 pte (.3 at) of tm and 213 pts (2 at) of 
bismuth, when cooled ffiom a state of fusion, exhibits but one sohdifymg-point j inas- 
much as it first cools regularly down to 143“, and then remains at that temperature 
for a considerable time, till the latent heat, set free in tho solidification of the alloy, 
has had time to escape. But all other alloys of these metals likewise exhibit a higher 
aohchfymg-point, the excess of one or the other metal, or. ratiier, another definite alloy 
containing an excess of one of the two metals, solidifying first, and afterwards at 
143“, the hitherto fluid aUoy containing Sn'Bi*. The higher solidifymg-point, or 
point of separation, is 190° for Sn^Bi. 160° for Sn'^Bi, 160° for SnBi, 170° for Sn®Bi®, 
and 190° for SuBi°. (Kudberg, Pogg. Ann. xviii. 240.) 

a 40 pts tin to 1 pt bismutii " perfectly ductile ; the addition of 1 pt. of load 
diminishes its extensibility. — b. 26 pts. tin to 1 pt. bismuth' slightly ductile (Ohau- 
det). — 0 . 8 pts. tm to 1 pt. bismuth melts at 199° (Lewis) — d. 3 pts. tin to 1 pt. 
bismuth : pulverisahle , of did! grey ffiaeturo, and speoiflo gravity 7'776 , gives up all 
its tin, with a small quantify of bismuth, to heated hydrochloric add (Chaudet). — 
e. 2 pts. tm to 1 pt. bismuth : melts at 166° (Lewis),—/. 236 pts. (2 at.) tin to 213 pts. 
(1 at )hiamiith specific gravity = 8 086 (Eegnault). — y. 1 pt tin to 1 pt. bismuth: 
perfectly biittie ; pulverisahle , of fine-grained fracture , spociflo granly ^ 8 346 
(Chaiidel). Melts at 138° (Lewis) Expands strongly in solichiying (Marx). 
With hydi'oehloric acid it behaves like d fChaudet, Ann. Oh. Pliys [2], v. 142). — 
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h 177 pts. at ) tin to 213 pta. (2 at.) bismuth : melts between 131° and 137“ (D 3- 
bereiner, Kaatn Arch in. 90). — i 118 pta, (1 at.) tin to 213 pts. (1 at) bismuth : 
spoeifto gravity =■ a'7fi9. (Regnanlt.) 

236 pta. (2 lit.) tin to 213 pta. (1 at) bismuth, and 129 pts. (1 at.) antimony, 
form an alloy of apecifio gravity 7‘883 at 20°. (Eegnauit, Ann. Oh. Phys. [2], 
Ixxvi. 136 ) 

Eeapeotmg the alloys of tin, bismuth, and lead, see i 691,andiii 636. 

Tin and Cadmium.— The alloy StfCd melta at 173 8°. (Eudberg.) 

Tin and Cobalt form a somewhat maUoable alloy 

Tin and Copper (see Copphb, ii. 43). Eieffel (Oompt rend, icsxvii. 454, 
Jahresb 1853, p. 376) gives the followmg hst of alloys, which he regards as ohemieal 
compounds of copper and tin; — 


Cu. 

CuSu« 1 11 

CuSn« 2'19 

CuSn 34'98 

SnCu’^ 92'81 

SnOu'® 96'27 

SnCu” 97'48 

SnCu"“ 98'10 


Sn. Colour 

97 8x| ^'ts. tuoio or loss approaching to that of tin. 
65'02 Iron-grey. 

7 19 Goldcn-yollow 
3 73 Ornngo-yeUow. 

2’62 Yellowisb-roso. 

1-90 Eose. 


In the alloy SnOu, which crystalhses m large steel-grey laminse, hard, bulky, and 
molting at about 400°, the properties of both the constituent metals are said to be nearly 
masked ; the other alloys exhibit the charactoristics of the predominant metal The 
formation of aE those compounds is attended with condensation. 

The alloy OuSn^ (213 pts. copper and 77 6 pte. tin) has been found, as a fiwnace- 
product, in white six-sided prisms, of specific gravity 7 53 (Miller, Pogg. Ann oxx. 
65) — Another furnace-product, from Sohlaoltenwald, Cu’Sn’ (18 9. pts copper aud 
80 8 pts tin), forms ssnu-malLaable six-sided prisms, of specific gravity 6-994, having a 
white colour, with golden-yellow tarnish. (Eammelsberg, jJkI. cxx 64) 

According to Calvert and Johnson (Jahresb. 1868, p 111), the heat-conductmg 
power of Sn'Ou = 396, ofSnCu = 416 (silver = 1000) 

Calvert, Johnson, and Lowe (Jahresb. 1861, p. 1) hare determined the relative 
expansions of several alloys of copper and tin to be as follows: SnOu ■= 138-1 ; 
SuCu = 118 1, SuCu* = 111-8, SuCu“ = 983, SnOu“ = 106 0. 

Alloys of tin with copper and antimony constitute several varieties of Britannia- 
metal, also Deuranoo’s alloy for fractional bearmgs (li. 46). 

Tin and Gold — Tin considerably duninisbes the oxteneibility of gold. The alloy 
of 11 pts. gold and 1 pt tin is pale-yeUow, fine-grained, only slightly maUeable, and 
has a specific gravity of 17-807 (Hatchett). Alloys of tm and gold are, for the 
most part, easily crystaUisable. The compounds SnAu and Sn’Au’ do not, however, 
appear to crystalhse , but on addition of more tin, in such proportion as to form the 
compound Su'^Au, the fused mass separates into a less fusible portion, having a 
vitreous fracture, and an easily fusible cryatalline mass. (Mattbiosseuaudv.Bose, 
Phil. Trans. 1860, p 170 ) 

Iridium melta with 4 pts. of tin, at a bright-red heat, to a dull-white, hard, erys- 
tallisable aUoy (Berzelius) The alloy IrSn* (46-4 pta indium and 64 6 pts. tm) 
crystallises m cubes, which are not altered by nitromuriatic acid. 

Eospeotmg tbe alloye of tin-with iron, lead, and mercury, see ill. 370, 634, 
870; with palla dium and platinum, IV 327,667. 

Tin and Nickel form a hard brittle aEoy. 

Tin and Potassium melt easily together. Stanniferous potassium, obtained by 
igniting tin or stannic oxide with cream of tartar, is brittle, and decomposes water 

Tin and Eh odium form a black, sliming, crystaEine mass, containmg EhSn. 
47 3 pts tin, 82-0 platinum, 12-6 indium, and 1 9 rhodium, form a crystalhsable alloy, 
(PtlTEh)'Sn*, which is not altered by hydrochloric acid. 

Tin aud Euthenium — ^When 1 pt. of ruthenium is fused with 10 to 15 pts. tm 
lu a crucible lined with charcoal, and the cooled mass is treated -with hydrochloric acid, 
a crystalhsable alloy, EuSn", remains, containing 33 pts. ruthenium to 67 pts. tin. 

Ti n aud Silver (p. 287). 

Tin and So dium may be alloyed together by direct fusion, or by igniting tin with 
soda-soap The alloy resembles that of tm and potassium. 

Tin and Zinc. See ZiNO. 


triw, BROMIDES OP. Stannoits bromide, SnBr* is formed by heating 
metallic tin in hydrobromic acid gas, or with mercunc bromide. It is a greyiah-wbite, 
shining, orystallmo mass It dissolves in water, and the resulting solution, as well 
as that obtained by dissolrmg tin in agueone hydrobromic acid, yields, on evaporation, 
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a gelatmoua maas , but no crystals. Stannous bromide melts, at a higb temperature, to 
an oily hqnid, 'Wlien heated m the air, it gives off stannic bromide and leaves staniue 

Stannic iromide, SnBr*, is produced, with ineandascence, -when tin or stannous 
bromide is heated in bromine-vapour. It is a white crystalline mass, of speoiflo gravity 
8'322, fumes in the air, molts easily, and sublimes in needles. It dissolves in water 
without perceptible rise of temperature ; molts under oil of vitriol without sensible 
alteration. Nitnc acid oxidiaes it to stannic hydrate, with separation of bromine. 
(Balard.) 

A. stannic oxyhromide is formed by the action of bronune on stannous osida. 

Stannic bromide unites with ether, forming the compound SnBr* (OiH®)'*0, in deli- 
qiiosoent crystals, which rotate on water before dissolving m it, and are easily disin- 
tegrated, especially when heated, yielding hexagonal prisms of stannous bromide. 
(Nieklis, Compt rend, hi 869.) 


TIN, SUTTER OT. Butyrwm, stanni . — ^An obsolete name for hydrated tetra- 
chloride of tin, also, according to Ghnelin’s Handbook (v. 84), for the anhydrous di- 
chloi'ide. 


TIN, CHIiORIDES OT. Three chlorides of tm are known, corresponding to 
the oxides — namely, SnCl“, SnCl" and SnCl*. 


Sloblorlde, or Stannotis Cblorlde, SnCP, (commonly called Protochlonie of 
Tin, and represented, according to the old atomic weight of tm, by the formula SnOl.) 
— The anhydrous didiloride is prepared' — 1. By gradually heating tin, or tin-amal- 
gam, with mercurous chloride, or with at most 2 pts of merouno chloride, the mercury 
then volatilising. — 2. By heating tm m hydrochloric acid gas, hydrogen being sot 
free. — 3. By heating hydrated stannous ohlondo in close vessels, whereupon, when 
the heat is gradually raised to redness, and the receiver ohangod, the anhydrous 
chloride passes over after the water. Capitaine (J. Pharm. sxv. 662) gently heats 
oommeioial tin-salt m a capacious crucible (to prevent frothing over), as long as it 
froths up, and gives off water and sulpbrnne ooia, pours the mass, as soon as it is 
brought to a state of tranquil fusion, into a small crucible; then pounds it up coarsely, 
and distils it from a coated glass retort. The first portions of stannous chloride which 
pass over are perfectly pure ; the last portions contain a small quantity of iron, from 
which they may he fireed by a second distillation. 

Stannous chloride is translucent, almost pure white (frequently grey), witli a fatty 
lustre and oonchoidal fracture ; soluble m water and in alcohol. It melts at 260“’ to an oily 
hquid, which penetrates the orncibles and makes them crack , boils at a heat near red- 
ness, hut always with some degree of decomposition When eoolod after fusion, it 
remams liquid for a long time, but afterwards becomes syrupy and solidifies. ‘When 
heated to bright redness, it gives off tetrachloride of tin, and afterwards xmaltered di- 
ohlondo, leaving a black smning mass, which dissolves in aqueous hjdi'oohlorio acid 
with evolution of hydr^en-gos, and forms a solution of stannous chloride (A Vogel, 
Schw. I. xxiv. 66). When heated to tho boiling-point, it passes over in company with 
tetrachloride of tin, and leaves yellow, earthy, stannous oxychloride, SnCHSnO 
(Capitaine).— When heated with snlphur, it yields tetraehlondo and hsulphicle of 
tin- 2Sn01* + S* = SnCl* + SnS” ^Proust) — When heated in the air, or with 
nitre, ohloncle of potassium, or mercuric oxide, it gives off tetrachloride of tin, and 
leaves stannic oxide. At ordinary temperatures, it does not suffer much alteration by 
exposure to the air; in tho course of three weeks, however, it becomes somewhat 
disintegrated, but still dissolves completely in water. 

Stannous chloride absorbs dry ammoma-gas, and when heated with it, forms the 
compound SnOP.HH*. 

Hydrated stanrums oUonde, commonly called tm-s<dt, is obtained by dissolving the 
anhydrous chloride in water, or by the solution of metalhe tm in hydrochloric aoid. 

Tho preparation on the large si^e is performed in copper vessels, which, so long as 
any portion of tin romams nndiasolved, are not attacked by the acid. If granulated 
tin he ooTOxed with hydrochloric acid, them tho acid poured off, and the tm exposed to 
the air — afterwards the acid poured ou again, and so on alternately — the tin takes up 
oxygon from the air, whereby it becomes heated, and dissolves much more quickly than 
bythesimpk action of the aeid(Berard) In the preparation of tin-salt on the 
large scale, Nollner (Arch Phaim hdh. 120) recommends that the hydroohlone 
acid, us it is evolved from the retorts, he made to act directly upon granulated tm con- 
tained in stoneware receivers adapted to the retorts, and that the concentrated solu- 
tion of tin-salt thus formed he afterwards evaporated in tinned pans, with addition of 

The solution, when evaporated and cooled, yields large, transparent, coloui’less prisms 
(inonoclimc according to Marignae), having a disagreeable metalhe taste. Ac- 
cording to Borzolins, their composition is SnCP.H’O according to Henry, they 
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contain SnCS?.2H’0. The crystals, when heated, evolve water and hydrochloric acid 
containing a small qnantity of tin, and leave stannous chloride and oxide. Cold oil 
of vitriol separates from them but a small quantity of hydroohloric acid, heated oil 
of vitriol separates hydrochloric acid — together with small quantitiea of stannous 
chloride, sulphurous acid, and sulphuretted hydrogen (the two latter substances partly 
decomposing caoh'other, and yielding a prempitate of sulpbur)— and forms stamiio sul- 
phate. (A. Vogel.) 

The pure crystals of tin-salt dissolve completely in a certain quantity of de- 
aerated water, a litre of tbe solution, saturated at 16°, having a specific gravity of 
1'827, and containing 1,333 gnus, of stannous chloride to 494 grma. of water (Michel 
and Kraft) A larger quantity of water produces partial doeomposition, hydrochloric 
acid being dissolved, and a bydrated stannous oi^ehloride, Su’0OP.2H“O, being de- 
posited in the form of a milk-white powder. 

2SnCl“ + ffO =1 Sn’OCl* + 2HC1. 

The clear neutral solution also heoomes turbid on exposure to the air, likewise from 
foimation of oxychloride, while stannic chloride remains in solution : 

SSn"Cl* + 0 » Sn’OGP + Sn''01h 

In either case the decomposition may be prevented, and the solution kept clear, by 
addition of hydrooHorio or tartaric acid, or of sal-ammoniac, with which stannous 
chloride forms a double salt not deeomposible by water or by exposure to the air. 
The crystals of tin-salt likewise decompose on exposm'e to the air in the manner above 
mentioned. 

A hydrated, stannous oUoride, containing SnCP.4ff 0, is obtained in needle-shaped 
deliquescent crystals, melting at 60°, by dissolvmg stannous oxide in an equivalent 
quantity of stannic chloride, and evaporating, the mother-hquor then retaining stannic 
oxide issolved in stannic chloride • - 

2SuO + 2SnCl* + 8H»0 =. 2(SnCP.4H»0) + SnO^ + SnCl^ 

Stannous chloride is a powerftd deoxidising agent, reducing gold-, silvei-, and mer- 
cury-salts to the metaUio state, converting ferric, manganic, and cupric chlorides 
into ferrous, manganous, and oiiprons chlorides respectively , the tnonde of chromium 
(chromic anhydride) into sesquioxide, tungstic and molybdto anhgdrides into the 
corresponding blue oxides , the higher oxides of lead, bismuth, &e , into lower oxides, 
and mdigo-blue into indigo-white. — Arsenic acid forms with stannous chloride a pre- 
cipitate consisting, according to Schiff, of stannic arsemte, 2Sn0®.Aa'‘0’ j an excess of 
stannous chloride, however, reduces the arsenic acid to metaUic arsenic. Stannous 
chloride also reduces nitric add to nitric or nitrons oxide, hypoohlorous acid to chlo- 
rine, &c. With sulphurous acid in presence of hydrochloric acid, it forms stannic 
sulphide together with stannic chloride, a leaetion wmeh may be used fer-the detection 
of sulphurous acid (p. 641) 

eSnCP -I- 8H01 + 2H:“S0» = SnS* + 6Sn01‘ + 6H*0. 

Stannous chloride is often used as a reagent in volumetric analysis for the estima- 
tion of indigo, &o. Tin-salt is extensively employed aa a mordant m dyeing and calieo- 
printing, sometimes also as an antichlore. 

Stannous chloride forms crystolhsable double salts with several other metaUio 
chlorides. 

Ammonio-stannous Chlorides. — a. The compound 2NH'‘01.Sn01* is formed by heating 
tin-filings with sal-ammoniac, more easily, however, by evaporatmg a mixed solution of 
the component chlorides ; the crystals thus obtained are aometimes anhydrous, some- 
times they contain 2 at. water (G-raham). Apjohn obtained octahedral crystals, 
2NH‘C1 SnCltH“0, which were permanent in the air, had an acid reaction, and 
dissolved in water, forming a solution which became cloudy on boding Kammelsberg 
obtained rhombic crystals having the same composition. — /3. The salt 4IfH*01 SnOP. 
3ffO forms tufts of needles permanent in the air, but decomposed by water. (Pog- 
giale, Compt. rend xx. 1180.) 

The barmm- and atrontmm-sdlis are represented by the formuha BaGl’.SnC!l*.4H*0 
andSrCPSnGP.4H*0 

Fotassio-siannous Chlorides. — o. The Balt2KCl.SnCl’i8propajadlike the corresponding 
ammoninm-salt, and is said to form anhydrous crystals, as weU as crystals with 1, 2, 
and 3 at. water. The monohydrate forms rhombic crystals. (Mangnac, Compt. 
rend. Iv. 660. — ^Kammelsberg, Krystall. Chemie, p. 211.) 

A compound of stannous chloride with potassw-stannous sulphate, SnCP.4SuK“(SO’)’, 
separates from a mixture of the hot concentrated solutions of stannous chloride and 
potassium-sulphate, m small, shining, hexagonal crystals, which may be recrystallised 
from water without decomposition. 

Sesqniohloride of T%n,w Stannoso-stannie 


CA2oridc,Sn'Gl®-SnGP.SnaP 
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— TUs compound, kno-wn only in solution, is produced by dissolving etarnoso-stannio 
hydrate in hydrodiloncaeid, in a vessel fcom which the air is excluded. The solution 
reacts like a mixture of stannous and stannic chlorides 

Tetraoblorlcle of Tin, or Stannlo Cblorlde, SnOlt— This compound was 
known to the older ehemists, having been mentioned by Libavius, in 1606, under the 
name of lAguor s. Spvntm argenU vvoi subhmaH (fromthe mode of preparataou with 
meranric ctloride) , afterwards it was commonly caUed 9pirittts fumans La 'lavii, some- 
times also IL'umigatomm pei^efyiumjovittle — ^The anhydrous tetrachloride maybe 
obtained by dietUhng etannio sulphato with sodmm-chlorido, or by distiUing the 
hydrated tetrachlonde With oil of vitriol. It is usually prepared by distilling a 
mixture of 1 pt. tin-flhuge with 4 or 6 pta. mercuric chbride, or by heating tm-iUinga 
or stannous diloride in dry chlorine-gas, the tetrachloride then collecting m the 
receiver, which must be kept cool. In preparing it by the last-mentioned method, 
tho free chlorine must be removed by agitating the distillate with tin-fllings, and then 
rectifying it. 

Stannic ohlonde is a colourless mobile liquid, of specific gravity 2 267 at 0°, It 
fumes strongly in moist air, boils at 115° (at 120° according to Dumas, at 112° 
according toAndrews). Vapour-density, according to Dumas' determination, = 9 20 ; 
by calculation. = O'Ol. Its apecifi.a heat for the unit of volume is 0'8639 ; for the umt 
of weight, 0‘0989 (Begnault) It does not conduct electricity. It is highly caustic, 
decomposes alcohol, with formation of ether, in contact with oil of turpentine, it 
produces great heat, eometimes setting fire to tho turpentine It converts mercury mto 
calomel. Strong nitric aad decomposes it, with formation of metasteunio acid ; heated 
in sulphydno acid gas, it is partially decomposed, with formation of stannic sulphide. 

Egdrated Sianmo Chloride — ^Tha anhydrous tetrachloride absorbs water rapidly from 
the air, and forms crystals of a trihydrate, SnCD SU'D (Cassolmann). Mixed with 
one-thirdof its weightof water, it aohdifias to a soft fusible mass, culled Duifor of i%n, or 
Sutynm stawii, which dissolves in excess of water, the solution yielding, by evaporation, 
deliquescent crystals of a pentahydratc, SnCl' 6B''*0, which give off 3 at water over oil 
of vitriol (Dewy, Compt. rend xii 369) Asolntion of stiinnio ohlonde may be pre- 
pared by dissolving ordinary stannic hydrate m hydroohlonoacidjhy treatnig a solution 
of stannous ohlonde with ehlorme-gas, or by mixing stannous chloride with hydro- 
ohlonc acid and treating it with nitric acid. The sal| generally known in comtnorcs as 
nitromuriate of tin, is prepared by dissolving tin m nitromuriatio acid, which must 
be kept cool, and must not contain too much nitric acid — otherwise metastannic acid is 
likely to be produced. This solution is used in dyeing for the brightening and fixing 
Of r^ colours, and is sometimes designated by the old names, “composition, physic, or 
tm-solution.’’ The same solution is obtained by dissolving tin to saturation in bydio- 
ohlorio acid, then adding half as much hydroeiuorio acid as was required to dissolve 
the tm, together with a certain quantity of sulphuric acid and nitre. Stannic chlor de 
may also be prepared by oxidising stannous ohlorido with chlorate of potassium ; and 
on evaporating die liquid, or the solution of stannous chloride mixed with nitrio 
acid, the trihydrate, Sn01'.3Il*0, is obtained (which, when dried in a vacuum, leaves 
the dihydrate, SnCD.2H°0), whUe the mother-liquor contains stannic hydrate dissolved 
in stannic ohlonde. (Scheurer-Kestner, Compt. rend, 1 60.) 

The solution of stannic ohlonde exhibits all the reactions of ordinary stannic salts 
(p. 810), When evaporated, it first gives off water, then stannic chlorido. The 
concentrated solution does not alter perceptibly, but the dilute solution gradually 
decomposes, yielding .hydrochloric acid and metastannic hydrate (p 817), which 
remains heMnd when the hydrochloric acid is evaporated According toOassol- 
mann, a solution diluted to a certain point deposits ordinary stannic hydrate as 
well as motasfannic hydrate. 'When stannic chloride is hoiited with a small quantity 
of water in a sealed tube, pure amoiphous stannic oxide separates. (S enarmont.) 

Aqueous stannic cblonde easily dissolves stannous oxide, forming stannous chloride 
which on evaporation crystalhsea as a tetrahydrato, Sn01’.4E'‘0 (p 807), while tho, 
liquid retains stannic hydrate dissolved in stannic chloride When an excess of 
stannous oxido is dissolved m stannic ohlonde, tlie mass solidifies to a pulp of stannic 
hydrate, and the liquid which runs off yields, on evaporation, the dihydrate of stannous 
chloride, SnCR2H'0 (Sehaursr-Koatner.) 

Compounds of Stannia Chloride — Stannic diloride unites with a considerable 
number of bodies, both organio and inorganic. It dissolves orystalUsabla (not amor- 

C is) BulpJmr, when heated with it , also ordinary phosphorus, iodine, and other 
es, in large quantity; it mixes in all proportions with bromne and earbonio 
disulphide, and like tho latter is a solvent for many bodies. Sulphur crystalhsea fcom 
tho hot saturated solution in rhombic prisms. (Girardin, Compt rend. h. 1057.) 
Anhydrous stannio chlorido absorbs ammonia-gas, forming the compound 
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SnGP.2NI[®, Mich is a white powder, eublimaMe without deoompesition, and perfectly 
soluble m water after sublLmation. (H. Rose.) 

Tapour of sulphuno anhydride is easily absorbed by stannio chloride, forming a 
solid mass. (Bose, Pogg Ann. xliv. 320.) 

Stannic chloride also iJuicHy absorbs sidphydnc amd gas, ^ying off hydrochloric 
acid, and forming a stannio sulphochlonde, SnS®.2Sn01‘ : 

3SnCP + 2H'S ~ SiiS’'.2SnGl-' + 4H01. 

The compound obtained by perfect saturation with sulphydno aeid, is a yellowish or 
reddish bquid, heavier than water. When heated, it gives off tetrachloride of tm, and 
leaves the disulphide. (Dumas.) 

A compound of stannic chloride with tetracUonde of sulpTiur, SnOl'* 2801'*, is pro- 
duced by the action of ohlorine-gas on sulphide of tin at ordinary temperatures . 

SnS** + eOP = Sn01*.2SGl*. 

It forms large yellow crystals, which melt when heated, and suhlune without decom- 
position ; they fume in the air more strongly than totuaehlonde of tin. 

Tetraehloride of lin withFmitaoldonde of Picsyihom, SnCl* PG1“. — ^When a mixitiire 
of the last-described compoiind witb tricbloride of phosphorus is moderately heated 
in a stream of hydrooblorio acid gas, a rapid action talces place, and this compound is 
formed, together -with other products : 

SnGl*.2S01* + 3PC1» = SnCl'.P01» + 2P01» + S’GP. 

If the retort in which the action takes place is connected with a receiver surrounded 
■with ice, a pasty yellowish moss collects in the receiver, and am amorphous white body 
remains in the retort. On heating the yeUowish mass between 100° and 120°, disiil- 
pbido of chlorine escapes, and there remams a mixture of pentachlorido of phosphorus 
with the double chloride, identical, in fact, with the amorphous white m.ass in the 
retort. On heatmg this mixture to a temperature between 140° and 100°, the pontii- 
ohlondo of phosphorus is also driven off, leaving the double chloride, wbidi subiimes, 
between 200° and 220°, in highly lustrous colourless needles, which, however, soon 
crumble to an amorphous powder, even when kept in close vessels The compound 
fumes strongly in air, aud rapidly absorbs water, being thereby converted mto trans- 
parent colourless crystals containing water of crystaUisation. (Oasselmaun, Ann, 
Oh Pliarm Ixxxm. 257.) 

Teiraolilonide of Tm with OxyMonde of Phosphorus, SnOl* POOP — Obtained by 
the action of oxychloride of phosphorus on tetrachloride of tin if an excess of 
either substance is present, the compound separates in large isolated crystals It has 
a peculiar odour, molts at 06°, boils at 180°, and distils without alteration if kept 
from contact with moist air. It fumss in the nir, and is decomposed by water When 
oxychloride of phosphorus comes m contact m a close vessel -with the coinpoiuicl 
SnCl‘,2S01*, the whole dissolves, forming a yellowish hquid, from which, after awliilo, 
the compound SnOl* POOP erystallisos , and above the ciystals there remains a 
yellow hquid, probably SOP. (Oasselmaun.) 

Tetraofdonde of Tm mth Phoaph&retted Hydiogen, 3Sn01*.2Pff. — ^The two bodies 
unite without production of hydrochloric acid , the compound is solid. (Bose.) 

Pitno oxide is abundantly absorbed by tetracliloTide of tm, fonning a crystalliisablo 
compound, which may^ be distilled, but, in contact with water or with moist air, is 
resolved into nitric oxide and stannic chloride (Kuhlmann, Ann. Oh. Pbarm. xxxix. 
319). According to Hampe {ibid, oxxvi 43), nitric oxide does not act on etannio 
chlonde except in presence of oxygen ; but nitoc peroxide and nitrons anhydiido aro 
absorbed by staimic chloride, forming a yellow mass, which contains starmie oxide 
together with a crystalline sublimable compound, 3SnCl*.4ir0**01. 

With sthylw oxide, stannio chloride forms the compound SnCP.2(0*'H‘)®0, crys- 
tallising in sliming rhombic plates, which melt at 80°, volatilise without decomposi- 
tion, dissolve in ether, but aro decomposed by water. — With ethylio oxalate it forms a 
cryblaUisahle compound, SnOl* C“H*‘'0*, which is also decomposed by water (Dewy, 
Compt rend. XXI 371) It also forms crystallisablo compounds 'with several nitriles, 
as with acetomirUe, propvmitrde, aaproaitrilc, hcmoniinle, &c. 

Pouble Salts. — Stannic chloride unites -with the chlonde of the alkali-metals and 
alkaline earth-metals, forming double salts, sometimes called ohlorostannatos : 
they are prepared by evaporating the mixed solutions of the component chlorides, and 
eowe of them form well-defined crystals 

The ammonium-salt. 2NH*Cl.Sn01*, separates, on mixing the concentrated solutions 
of the constituent chlorides, as a erystalhne powder fiiom less conceiitrulcd solutions, 
it separates, on evaporation, in regular octahedrons or oubo-octohedrons of larger size 
aud permanent m the nir. This salt is also formed in the preparation of stannic 
sulphide, or mosaic gold, from tin, sulphur, and sal-ammoniac, in which case it 
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sublimes in transpaiont ootahedrons The myatals dissolve in 3 pts.'^water at 14°. 
The oouoentrated solution is not decomposed by boiling ; a more dilute solution decom- 
poses atthe boilmgheat, with separation of stannic hydrate, ■which unites 'With any eoloui'- 
mg-mattei contained in the solution, so -that the salt acts as a mordant. It is used in 
oahco-pnnting, under the name of pink salt, for the prodnetion of red colours The 
dry salt decomposes when strongly heated, givmg off stannic chlonde, and yielding a 
suhlimato of white laminar crystals. 

The banum-, oaUsaim^, and are crystaUisable, and their composition 

(according to iewy) is represented by the formula M"GP.Sn0P,6H“0. — ^The magne- 
mtm-salt, MgCl'.SnOl'.SffO, owstaUisea in rhombohedrons. 

The ^otassimti-salt, 2KGLSnGP, is prepared like the ammomnm-salt, or by fusing 
1 at. etannie onde with 2 at. pottussium-hydrate, and dissolving in hydrochloric acid. 
It erystaUises in octahedrons, which are permanent in the air, soluble in -water, and 
decomposed by h6at(Bolley; Lewy). — ^The sodimn^saU, prepared bke the potas- 
sium-salt, crystallises in rhomhio lamince, permanent in cold, efflorescent in warm 
au- (Bolley, Ann. Cb Phann. xxxiic. 100). 'Wittstein (Bepert. Pharm. Isiv. 7) 
obtained it in anhydrous dehquescent orystds. 

TIW, CTTAWIDSi OF. See CTAimias (ii. 273). 

TIN, DETBCTIOW AWn ESTIMATIOM OP. 1. Blowptpe Reactions. 
— All tm-eompounds, when heated on charcoal with carbonate of sodium or cyanide of 
potassium, yield a maUeahle metallic globvde, without any incrustation on the charcoal. 
This globule, when dissolved in hydrochlono acid, gives, with mercuric chloride, a 
white precipitate, becoming grey when heated. 

2. Reactions in Solution — a Stannous salts — Stannous oxide has no acid 
properties, tin being basylous in all stannous salts. These salts are obtained by dis- 
solving stannous omde in acids, the hydrate dissolving much more easily than the 
anhydrous oxide. They axe eolomiess, and, in neutral solution, aro partially decom- 
posed by water, with precipitation of a basic salt. They absorb oxygen from the air, 
forming stanmc oxide, which is precipitated if there is not enough free aoid present to 
hold It m solution. The reactions of stannous salts are most readily studied m the 
solution of the chloride. They exert a powerful reducing action, converting 'ferric 
oxide into ferrous oado, and precipitating silver and platinum in the metalUo state 
from their solutions — With mercuric o/ilortda a white precipitate of mercurous chloride 
is formed, which, if the stannous salt is in excess, is fm-ther reduced to metallic mercury. 
— TnoMonde of gold pioduces a purple precipitate in stannous salts, consisting pio- 
hiibly of sesqnioxide of tm in combination -with protoxide of gold, a test by wMeli 
atamious salts may always he distinguished. — Sidphydnc aeid produces, in neutral or 
acid solutions of stannous salts, abrown-black precipitate of stannous sulphide, which, 
when gently heated with a considerable quantity of sulphide of ammomum containing 
excess of sulphur, is converted into stannic sulphide and dissolved ; acids added in 
excess to this solution, precipitate yellow stannic sulphide.— Cbastio alkalis and alka- 
line oarhonates^ added to stannous salts, throw down a white precipitate of hydrated 
stannous omde, soluble in caustic potash or soda, hut not in ammonia. — Ferrocyamde 
of potassium produces a white precipitate, soluble in hydrochloric acid. Stannous salts, 
heated with sulphurous acid, yield yellow stannic sulphide and white stannic oxide. 

Stannic salts. — Stanmc oxide m the anhydrous state is insoluble in all acids, 
even in nitromiinatio acid. It forms two hydrates, distinguished as stannic and 
metastannio hydrates, the former of which is an amorphous gummy substance, 
soluble in bydroohlorie, sidphurie, and mfctio acids, and in caustic alkalis, whereas the 
latter, formed from by it the action of Strong nitric acid, is distinguished by its msolu- 
bility in acids, especially in nitric acid and in concentrated hydrooblorio acid. 

The solution of stannic hydrate in hydrochloric acid la identical -with the 
aqueous solution of stannic chlonde. It is distmguished from stannous solutions by 

not exerting any reducing action Metallu) zim and cadmium iramersed m stannic 

solutions throw down metric tm in an arborescent form. — Sulphydric acid' and sul- 
phide of ammonium throw down the yellow disulphide, soluble in alkahs and in sulphide 
of ammonium — Ammonia throws down a white bulky hydrate, soluble, with some tur- 
bidity, in a laigo excess of ammonia. The presence of tartaric aoid prevents the 
precipitation. — Potash throws down a -white bulky hydrate (probably containing 
potash), easily soluble in excess — Garbonate of potasmm gives a white precipitate, 
consisting (according to Friray) of potassic stannato, which dissolves in excess of the 
reagent, but separates completely after e while. — Ihearhonate of potassium, and ses- 
quioarbonate of ammmiium throw do-wn the hydrated oxide, insoluble in excess of tbe 
reagent — Chloride of gold gives no precipitate with stannio salts 

Jfletastaunic hydrate, as already observed, docs not dissolve in strong hydi-o- 
cldorio acid, but forms with it a compoiiiid insoluble in acids, but soluble in pure water. 
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The resulting solution is precipitated by dilute sulphuric acid, also by nitric and 
strong hydrochloric acid. — Potash throws down metastannic hydrate, soluble in excess 
of the alkab, and repreoipitated by excess of acid, also by the chlorides of the 
nlkali-nietals,_ chloride of ammonium, and sulphate of potassium. The alkaline solution 
of metastannic hydrate aohdihes to a transparent jolly on cooling . — Ammoma precipi- 
tates metastannic hydrate from its solution in very dilute acid, the precipitate is 
insoluble in exMss of strong sulphuric acid, and in tartaric acid ; hence metastannic 
hydrate is precipitated by ammonia even in presence of tartano acid — Mialme carbo- 
nates precipitate the hydrochloric amd solution, the precipitate being insoluble in 
excess of the reagent. — Nitrate of silver forme a white precipitate, which dissolves but 
partially in ammonia, leaving metastannic hydrate, — Tinalure of galls forms, after a 
while, a yellowish-white precipitate. — Stannous chloride forma a yellowish precipitate 
of stannous metastannate. — Sidghgdrw acid and sulghide of ammonium react with 
metastanmc in the same way as stanme solutions. 

Stannic end metastannic hydrates may be distmguished one from the other by 
their reaction with fe/nocyanide cf potassium, masmueh as 1 at stanme hydrate 
completely precipitates 1 at. ferrot^yamde of potassium, whereas metastannic hydrate 
does not decompose that salt. 

Both stannic and metastannic hydrates react as acids, formmg definite salts with 
bases. The solutions both of stannates and metastannatea, when decomposed by 
acids, yield precipitates consisting of the particular modification of stannic acid 
contained in them, which may then be distinguished by its behaviour with hydro- 
ohlorio acid, &o, 

Metastannic hydrate fused with a sufficient quantity of caustic alkali, forms a 
stannate from winch acids precipitate ordinary stannic acid. 

8, Quantitative Estimation.— Tin. is estimated in the state of stannic oxide, 
SnO®, which contains 78'62 per cent, of the metal. If the tin is umted with other 
metals in the form of an alloy, the alloy must be treated with nitric acid of specific 
gravity about 1'3 The tin is then converted into insoluble metastannic hydrate, while 
the other metals (with the exception of antimony, gold, and the platinum-metals) are 
dissolved by the aoid. The insoluble residue must then be thoroughly washed, after- 
wards dried, ignited, and weighed as stannio oxide. To insure complete oxidation, 
the alloy should be finely divided. 

When the tin is in solution in hydrochloric acid (which is its usual solvent), it may 
be precipitated as a sulphide by sulphydno acid, and the sulphide then converted into 
stannio oxide by roasting in an open porcelain crucible, a small quantity of nitric acid 
being added to complete tho oxidation 

From solutions of stannic salts, tin may be completely precipitated as stannio or 
metastanmc acid by dilute mlphano aoid. Tho solution is first noutrahsod with 
ammonia, so as to cause a slight precipitate , hydrochloric acid is then cautiously added 
till the precipitate is ledisBolved, care being taken to avoid any great excess of acid. 
This solution is then mixed with sulphuric acid. If the liquid contains ordinary 
stannic acid (or the corresponding chloride), it must be largely diluted to insure com- 
plete precipitation , if, on the other hand, the tin is present as metastannic ueid, it will 
be completely precipitated by sulphuric acid from less dilute solutions In all coses 
the precipitate must be left to settle for some hours, the time requu-ed being longer 
as the quantity of free acid present is greater. It is then to bo Uioronghly washed, 
and Ignited, to convert it into stannic oxide To ascertain whether the precipitation is 
complete, it is advisable to test the wash-waters with sulphuretted hydrogen 

Sulphate of sodium and nitrate of potassium or ammonium are sometimes used, 
instead of sulphurio acid, to precipitate tin. Sulphate ot sodium does not appear, 
however, to possess any advantage over sulphuric acid in this respect. The nitrates 
may be advantageously used when tho solution contams bases which form soluble 
sulphates. 

The mode of precipitation just described is very accurate, and affords a means of 
separating stannio from stannous salts, the whole of the latter remaining in solution 
after the precipitation of the stannic oxide by enlpbate of sodium. (Lowcntbal.) 

Another method of determming the proportions of stannic and stannous salt in a 
mixed solution of the two, is to divide the solution into two equal parts, convert the 
whole of the one into stanme salt by treatment with chlormo or chromate of potas- 
sium, and precipitate with sulphuric acid, as above , this determines the total amount 
of tin present. The other portion is dropped into a solution of meroum chloride, and 
the merourous chloride thereby precipitated is collected on a weighed filter, washed, 
dried, and weighed. From its weight, the quantify of tin present as stannous salt 
may be calculated, 2 at. morenrons ohlonde (471) corresponding to 1 at. tin (118), 
present as stannous chloride, according to the equation- 

2HgCF + SiiCF = 2Hg01 + SnCF. 
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Volwmtrio EeUmattmi . — Tin may bo estinmtod volumetneally by oonvevhng a 
stannous into a stannic salt TOtli oxidising solutions of inown strengtli. One at. 
stannous oxide, SnO, by taking up 1 at. ouygon, is converted into stannic oxide, SnO’ • 
consequently, 1 at. oxygen (16) is equivalent to 1 at tin (118). The quantity of the 
oxidising solution required to effect the conversion is, however, materially affected by 
the greater or less dilution of the solution, the greater or smaller aniount of free acid 
present, and the quantity of oxygen dissolved in the water Penny (Chom. Soc Qu. J. 
iv. 239 , vii. 60), and afterwards Streng (Ann. Ch. Pliarm. xo 411), used a solution 
of acid potassio ehromato for the titration of tm; Schlagdenhauffen (J. Pharm. 
[3] XXXI. 96) uses mangannte of potassium. 

Strang mixes the acid solution of stannic chloride with a bttle starch-pasts con- 
taining iodide of potassium, and then adds a graduated solution of aoid potaasium- 
ehromats, tdl a blue colour is developed by the separation of iodino. Tho reaction 
takes place as shown by the equation, 3SnO H- Or^O* = 3SnO^ -t- Cr^O”, so that 
1 at. tin (118) corresponds to 1 at. acid potassium-chromate (K^Or^'O’ = 230 6) 
Streng and Penny found that 100 pts. tin required 83'2 pta of the acid chromate , the 
calculated quantity IS 83'4. According toKes3ler(Pogg. Ann.xcvi 129), tho titra- 
tion by this method generally gives inaceuiato results, for the reasons above moutioiied 
According to Mulder, the ohromio acid solution ought to bo titrated with pure tin, 
and tho process conducted as far as possible under similar circunistances. According 
toIiowenthal(J.pr.Ohem.lxxvi. 484; Ixxvin 384), stannous chlondoin aoid solution 
maybe more exactly titrated after addition of ferric or cupric chloride. Stromoyer 
(Ann. Oh. Pharm. oxvu. 281) oxidises raetalUc tin, or stannous chloride, by dissolving it 
in excess of ferric chloride, whereby stannic and ferrous chlorides aro produced : - 

Sn + 4Po01» = SuCl‘ -t 4PeCP, 

and SnCP + 2PeOP = SnCP + 2PeOP. 

Tlie quantity of ferrous salt thus formed is determined by titration witb perman- 
ganate, the ferrous salt being less susceptible to the action of free oxygon than the 
sUnnous salt — and the quantity of tin is thence determined by calculation. In the 
first ease, 4 at. iron (224 grms.), or 2 at. oxygen added (32 grms ) correspond to 
1 at tin (118); jn the latter, 2 at. iron (112) or 1 at oxygen (16), correspond to 1 

at. tin (118) or 1 at stannous cldorido (189). If the tin is in tho state of stannic 

oxide or chlorido, it must first be reduced by intioducing a plate of zino into tho solu- 
tion, and the precipitated tin thou dissolved in ferric chloride, with addition of hydru- 
chloric acid If it has been precipitated from an acid solution as sulphide, this preci- 
pitate is also to be dissolved in feme chloride, a reaction whioh is attended with 
separation of sulphur 

SnS» + 4FeCl» = SnOP + 41’eOP -I- S“. 

The solution is then to be titrated as above, 4 at. iron corresponding to 1 at tin. If 
the tin has been preapitated from an alkaline sulpbostannato by an acid, the precipitate 
consists (according to Knhn), not of pure stannic sulphido, hut of stannic sulphydrate 
Sn‘’E®S’. The decomposition by feme elilondo then lakes place as shown by the 
equation • 

SUEZ'S* + 6FeCl» = SnCP + 6Po01» + 2HC1 + S». 

In this case 6 at iron are equivalent to 1 at tin 
Lenssen ^Ann. Oh. Pharm. cxiv. 118) titrates stannic chloride witli wAne in 
alknline solution. The tm or stannous salt is dissolved in hydrooWorio acid in an 
atmosphere of carbonic anhydride, and sodio-potaasie tartrate (Boohelle salt), or acid 
Bodic carbonate, is added in excess ; the solution is then mixed with starch-paste, and 
a titrated solution of iodine m iodide of potassium is added, till a permanent blue 
colour is produced. Stannic iodochlondo is then formed, according to tho equation 
Su"CP + P a Su^'ClIt*, so that 2 at. iodine (264) correspond to 1 at. tiu (118) 

To determine volnmetrically the relative quantities of stannous and sLannio salt 
existing together m a solution, the liquid is fct titrated directly by either of the pre- 
ceding methods, whereby the quantity of tm existing as stannous salt is determined, 
and, secondly, after tho staunie salt has been reduced to stannous salt, whioh gives the 
total amount of fan. 

4. BeparaUon of Tm from otherMeteds — In motalhc alloys tin, as already observed, 
may bo separated from most other metals except antimony, gold and the platinum-metals, 
by oxidising the aILo;f with mtno aetd, ■whereby the tin is converted into insoluble meta- 
stanme acid, while silver, copppr, lead, cadmium, irou, manganese, cobalt, nickel, and 
zinc — and like'wise bismuth, if a sufficient quantity of dilute nitno acid is used — are 
dissolved. Tm, alloyed, with metals which form volotile chlorides, may be separated 
by heating the flnefrr-dividod alloy in a current of cUonne gas , stannic chloride then 
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volatiliaes, and may bo condensed in water. Tliis method serves to separate tin from 
gold and the platinum-metals, which do not dissolve in nitric acid 

Precipitation with sviphydnc aeid serves to separate tin from all metals whose sul- 
phides are not tliroivn down by that reagent from acid solutions. IVom bismuth, 
cadmium, copper, lead, mercury, palladium, and silver, which are precipitated in the 
same manner, it may he separated by digesting the precipitate in sulphide oj anam- 
nmm containing excess of sulphm*. Stannic sulphide then dissolves, and may be 
precipitated by bydrocblonc acid 

Sulphide of ammonium also dissolves the sulphides of arsenic, antimony, gold, plati- 
num, molybdenum, selenium, and tollmium The methods of sedating tin from 
antimony and arsenic have abeady been fully described (i. 322, 369). Prom a solution of 
stannic chloride containing also the chlorides of gold and platinnm, the latter metals 
may be precipitated in the metalhc state hjferrmis aeetate, the tin then remaining in 
solution. If tin is mixed with these metals in the form of oxide or other insoluble 
compound, the throe metals may he reduced by ignitmg the eompound in hydrogen- 
gas, and the reduced alloy heated m chlorine gas, as above described. 

PVom molybdenum, selenium, and tellurium, and from all metals which form 
soluble sulphates, tin, after being bronght to the state of stannic chloride^ by treat- 
ment with olilorme or chlorate of potassium, may be separated, by precipitation as 
stannic or metastannio acid, with sulphuric acid, From barium, strontium, or c-ilciuni, 
it may be separated, m hke manner, by mtrate of ammmuiin. or potassium. 

6. Atomic Weight of Tin . — ^Berzelius (Chib. Ann. x. 285) found that 100 pta. 
tin, oxidised by nitne aoid and ignited, yielded 127'2 pts stannic oxide, SnO’ hence 
the atomic weight of tin should be 117 6(1. Mulder (Ann Ch. Pharm. lixii. 2121 ob- 
tamod, in like manner, 127'66pts of stannic oxido, giving Sn = 116-1. Dumas (diid. 
ov 104, 0X111. 26), on repeating this experiment, obtamed, as a mean, Sn => 118-06, 
and by determining the quantity of silver required for preoipitatmg a known weight of 
stannic cMoi'ide, the same chemist obtained Sn = 118'09. The atomic weight of tin 
may therefore betaken at 118°. 


Tllf, riiUORIDBS OP, Tin forms two fliiondes— viz., a difluoride and a tetra- 
fliioride. 

Tile Tifluoride, or Stannous fluoride, SnP, ia obtained by evaporating the 
solution of stannous oxide in hydrofluoric acid, and crystallises m smaU, shining, 
opaque prisms, having a sweetish astringent taste. 'When heated in the air, it takes 
up oxygen, and forms stannic oxyfluonde, Sn'’OP or SuO’.SnP. 

Ammonio-stannous fluonde . — Stannous ohlondo yields, with fluonde of ammonium, 
a precipitate composed of metallically lustrous micaceous laminte, soluble m potash. 
(Dnverdorben.) 

The Tetrafluoride, or Stannio fluoride, has not been obtained m the free 
state as a definite compound, but it forms crystaUisable double salts with other 
metaUio fluorides. A solution of stannic hydrate in aqueous hydrofluoric acid coagu- 
lates hke albumin when heated, but docs not yield any crystals by evaporation ; when 
evaporated m contact with the air, it gives off hydrofluoric acid, and leaves tlie oxy- 
fluorido above mentioned. 

The fluostannates, 2MI'SnP and n'T’ShP-*, are analogous in composition to 
the stauniitos, M^'O.SnO®, and isomorphous with the corresponding fluosilieatos and 
fluotitandtes. (Marignac, Ann Mm [6], xv. 221 , Jahresb. 1869, p 110.) 

The awmmnm-saU. 2115:^.8111"*, is obtained by the action of hydrofluonc acid on 
stanniite of ammonium, or, better, by double decomposition of the lead— or silver-salt 
with sulphate or chloride of ammonium. The crystals, which are seldom distinct, are 
rhomboUedral combinations, imited in twins, or complex aggregates.— 'When evapo- 
rated with fluoride of ammonium, it yields the salt 4IfH*F.SnP, in distinct rhombic 
combinations. 

The harium-salt, Da"F“ SnP, is obtained, as a ^aringly soluble precipitate, by de- 
composiifg the zinc-salt with chloride of barium. By slowly cooling a slightly concen- 
trated solution of this precipitate, or by spontaneous evaporation, a hydrate, _ Ba"P. 
SnF'.SffO, IS obtained m monoclime crystalline laminai, hut on evaporating the 
solution near its boiling-point, the anhydrous salt separates in microscopic indistinct 
crystals. 

Tlio cadmum-saU, Cd"]?®.Sn3?*.6H"0, is isomorphous -with tlie magnesium-salt 

The cedvewm- and strontium-salts ioua monoeliiiic crystals containing 2 at water. 

The cuprw salt, 0u''P.SnP.4H'O, forms blue monoebme crystals, permanent m the 


The lead-salt, PbP SnP 3H**0, crystallises with diffleiilty in thin nacreous lamin®, 
laoniorphoiis with the trihydrated barium-salt. It has a great tendency to form 
supersaturated solutions, which ultimately solidify in nodular crystallmo masses. 
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By rccrystalliBation from water the salt is decomposed, with separation of Icad-fliio- 

Tha hthium-salt, 2LiI' SnI'*.2H’0, rarely forms distinct monoohmo crystals : gene- 
rally only erystaUme crusts, or indistinct microseopic crystals 

The laagnmv.m-mU, Mg"F^.Snh'*.6E*0, crystallises in hexagonal comhinationa, 
permanent in the air. — Tho manganese-aalt, ]V[n"P‘.SnFt6H’0, forms pale-red shin- 
ing crystals, isomorphons with the last, and gradually hecoming dull on exposure 
to the air. — The nicld-sait, NiP.Sn!E’'.6H’’0, is likewise isomorphons with the mogne- 
Smm-salt. 

The potasamm-Bolt, 2CT Su]?'.H=0, is obtained by saturating a solution of potassio 
stannats with hydrofluoric acid, and evaporating, in laminar crystalB, which dissolve 
in 2'3 pts of boiling water, and in 16 to 16 pts water at 18°. Sometimes, espe- 
cially on reorystallising with addition of a drop of hydiofluoric acid, a salt, identical in 
composition with that just described, is obtained in granular crystals baving the form 
of rhombic pyramids, soluble in 3 pts boiling water and in 27 pts. water at 18°. The 
aystals of both kinds retain their water till heated above 100°, and m«lt at a red 
heat, with loss of hydrofluoric acid. — ^An aatd potasamm-scdt, 2(2K]? Sii5’^),(KF.HS'), 
or 2K-Sn'’I'®.KHF'‘, crystallises in needle-shaped monoehmo oomhinations. 

The aiher-adi, 2Ag'F.SnF 4H'0, forms indistinct crystals, which malt below 100°, 
but do not give off their water till heated to a higher temperature, at which also 
hydrofluoric acid is given off. 

The aoiwtn-aalt, iNaF.SuF*, has not been obtained in distinct crystals : it dissolves 
in 18 to 19 pts of water at 20°. 

Tho amc-aali, ZnF.SnF*.6H’0, is isomorphons with the magnesium-salt, and easily 
soluble in water 

TIK, lOBIDES OF. There are two iodides of tin analogous to the protoxide 
and dioxide The existence of a aesqmoiide, SuT*, is doubtful A solution of lodme 
in iodide of potassium (1 at iodine to 2 at. El) does not precipitate a solution of 
stauuio chloride, but on evaporation a yellow powder is deposited, which may possibly 
bo the sesqui-iodide. (Bonllay.) 

I>%-todide of Tin, or Stannous Iodide — This compound is produced : — 1 By 
heating 1 pt. of tin with 2 pts of lodme tiU tho iodine melts. A violent action then takes 
place, and a brown mass is formed, consisting of stannous and stannic iodides, the 
latter of which may be separated by sublimation, while tho stannous iodide remains 
in the farm of a red erystaUme mass. — 2 By addmg iodide of potassium in sliglit 
excess to a warm concentrated solution of stannous chloride, the liijuid, as it cools, 
depositing stannous iodide in yeUowieh-red needles. — 3. By tho action of hydriodic 
acid on tin or the diehlondo. When moderately concentrated hyclriodio acid is placed 
in contact with strips of tinfoil, or with tin-filings, in a long glass tube, aud kept m 
gentle ebullition for several d.iys, or heated in a sealed tuba to 120° — 150° for some 
hours, stannous iodide is formed, in shining yeUowish-red prisms (Wohler and 
Bunhaupt, Ann. Ch. Pharm Ixxxvi. 374) Tin, heated with iodide of amyl to 180°, 
in a sealed tuba for some time, is converted, partly into yellowisb-red quadratic octa- 
hedrons, partly into sulphur-yeUow prisma, which quickly ton red in contact with the 
air • these compounds have not been analysed. 

Stannous iodide, heated in a cloee vessel, melts to a dork-red crystalline mass, yield- 
ing a cmnabar-coloured powder. When heated in contact with the air, it is decomposed, 
stannic iodide subliming, and stannous oxide remaining It is sbghtly soluble in 
cold, somewhat more soluble m hot water, and is not decomposed thereby. A solution 
of stannous iodide is likewise formed by heating tin with water and iodine. Stannous 
iodide dissolves also in aqueous stannous chloride. 

Oompounda of Stannous Iodide — «. With stannous chloride — An aqueous solu- 
tion of stannous chloride mixed with iodine, deposits stannous iodide , and on evapo- 
rating the remaining hquid (which contains stannic chloride, stannous chlonde, and 
stannous iodide), stannous chloriodide, SnOU or SnCP.Snl®, separates in straw- 
yellow, noii-volntilo eryatala, which are decomposed by water, with separation of stan- 
nous iodide (Henry.) 

;8. With stannous oxide. — Stannous iodide is decomposed by a large excess of 
water, forming hydnodic acid which dissolves, and stannous oxide which unites with 
the iindecomposed iodide, forming, aeeordmg to Porsonno (Compt rend. hv. 216), 
insoluble oxyiodides of variable composition, which ere yeEow, pulverulent, and are 
decomposed by a large quantity of water. Personne analysed four of these compounds, 
oontaimng SnHO^ = SnP.2SnO j SnH'O =■ SnI=.SnO , SnT'O = 2SuI' SnO , and 
Sn'HO = SSnl’.SnO. 

y. With ammonia. — 100 |)ts. stannous iodide absorb 20 pts. ammonia-gas, form- 
ing a white compound, which in the pure state is probably 2NH“ SnP, or iodide of 
stannammonium (N-H'Sn")I®, (Rammelsberg, Pogg Aiin.xlviii 169.) 
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5. With othei’ metallic iodides. — Stannous iodide unites with the iodides of the 
alkali-metals and alkaline earth-metals, forming double salts, which maybe obtained 
either by direct mixture of the solutions of ttie constituent iodides, or by mixing a 
solution of stannous ohloride with excess of a metallic iodide. They must be crystal- 
lised from alcohol, as they are decomposed by water, forming stannous oxyiodidcs, 
similar to those produced from stannous iodide and water. 

The ammonmin^saH, 21TE[^ISnI®, forms gracnish-yeUow needles (Boullay). Ac- 
cording to Personne, there is also a salt containing HH‘I.SnI’.|H’0. — 'Pcia fotassimi- 
salt, 2KI SnI®, forms yellowish silky needles, which, when heated in chlorine gas, yield 
stannic chloride, ohloride of pota,ssinm, and free iodine (Boullay) Personne like- 
wise obtained the hydrated salt, EXSnP.JH'O.— The sodmmrsaZt, Nal.Snl^forms palo- 
yeUow crystals. 

Stannous iodide also forms crystaUisahle double salts with the iodides of barium and 
strontium. ^ 

Tetraiodide of Tin, or Stanmc Iodide, SnI* is formed, together with stan- 
nous iodide, by heating tin-filings with iodine in a sealed tube, combination taking 
place with incandescence at 60°. It may be separated from the stannous iodide by its 
greater TolatUity. It is also produced by the action of iodine on stannous chloride, or 
by dissolving stannic hydrate in hydiiodic acid. (Berzelius.) 

Sublimed stannic iodide forms yellowish-red octahedrons, of specific gravity 4'896. 
It melts at 146°, sohdifles at 142°, suhlimesat 180°, and boils at 296°. It is decom- 
posed by water, completely at the boding heat, into hydriodio aoid and stannic hydrate. 
It dissolves m alcohol, ether, and benzene. 

Stannic iodide does not combine either with stannic hydrate, or with the iodides of 
the alkali-metals. It easily absorbs dry anunonia-gas, fomung at first a yellow body, 
3NH® SnIS and by further assumption of ammdnia, the two compounds, 41>rH".SnI'' 
and BNff.Snl*. (Personne) 

TIW, OXISES OP. Tin forms three oxides: a protoxide, a sesqiuoxide, end a 
dioxide 

Protoxide of Tin, or Stannous Oxide, SuO. — TIus oxide is produced: 
1. By heating stannous oxalate out of contact with air (Liehi g).— 2. By precipitating 
stannous ohlonde with carbonate of sodium, and heating the washed and i&ed precipi- 
tate of stannous hydrate in an atmosphere of hydrogen or carbome anhydride, to a 
temperature not exceeding 80° ; the anhydrous oxide is thus obtained as a hroivn or 
black powder (Berzelius). According to Otto, the hydrato sometimes changes to 
the black oxide on the filter, or on the sides of the precijiitating vessel, where it is 
touched with a glass rod.— 3. Stannous hydrate, boiled wi& a quantity of caustio 
potash or soda less than sufficient to dissolve it, is converted into small, hhvek, shining 
crystals of the anhydrous oxide (Primy, Berz. Jahrosb. ixiv. 133 xxv. 172) —4. A 
solution of stannous ohloride is evaporated m eontaet with metallio tin, till a residue of 
the fused ohloride is obtained; this, after removal of the metnUio tin, is heated with 
1 at. or more of crystallised sodio oaibonate till it turns black, and the stannous oxido 
thus produced is washed and dried. (Sandall, J. pr. Chem xiv. 254.) _ 

Stannous oxide is a black powder, of specific gravity 6'666 (Berzelius), bluish- 
black or slate-grey (Sandall) The crystals obtained by the tluid process are, 
according to Nordenslqold, monometric, exhibiting the combination ooO . coOeo , hava 
a speoiflo gravity of 6 1, and yield a greenish-brown powder. When heated to 258°, 
they decrepitate, swell up, and are resolved into olive-green laminse, soft to the touch 
(FrAmy) This olive-green modification is likewise obtained by boiling stannous 
bydr.ite with excess of ammonia (Gay-Lussac). A third modification is obtained by 
evaporating a very dilute solution of sal-ammoniao m which hydrated stannous oxide 
is diffused, that compound being converted, as soon as the sal-ammomao cryataUiaes, 
into anhydrous stannous oxide having the form of a cinnahar-eolonred powder 
(Priiuy) The red modification is also produced by digesting thoroughly-washed 
hydrated stannous oxide, at a temperature of 133°, in a slightly acid solution of 
stannous acetate having a density of 1 06, The oxide is then obtained in heavy, hard, 
crystalline grains, which yield a greenish-brown powder by trituration, and blacken 
when exposed to sunshine. (Both, Ann, Ch. Pharm lx. 214.) 

Stannous oxide is permanent in the air at ordmary temperatures, but easily oxidises 
to stannic oxide when heated. When (Jay, it may he aet on fire by a glowing body, and 
then burns to stannic oxide. It is reduced at a red heat by bydrogm or charcoal, 
and when heated before the blowpipe with carbonate of sodmm (host with addition of 
cyanide of potassium), it yields a button of metal. — Heated m oMorine-ffos it is con- 
verted into stanmc ehlonde and stannic oxide. When ignited with sulphur, it yields 
stannic sidphide and sulphurous onhydride. By boding with caustic potash or soda, 
it IS converted into a stanuate of the alkali-metal, with separation of tin. — With acids, 
it forms the stannous salts. 
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Rtannoua Sydrate, Sn'IPO” = 2^iiO H“0, is obtained, as a white proeipitatP, by 
decomposing a stannous salt with an alkaline carbonate. It dissolves m acids and in 
the fixed alltaba much more easily than the anhydrom. oxide, but is insoluble in ammo- 
nia. When boiled with water or with aqueous alkalis, or when gently healed in the 
dry state, it is converted into the anhydrous oxide. When exposed to the air, it 
gradually takes up oxygen, and is converted mto stannic hydrate. When boiled With 
strong potash-ley, it yields stannate of potassium and mctaUio tin. 

Stannous hydrate ants as a deoxidising agent, bice the corresponding chloride (p, 806), 
reducing some metaUie oxides to metal, ofliers to a lower state of oxidation. Its action 
on cnpno oimde has heen specially studied by Lons sen (J. pr. Ohem Ixxxix 90; 
Jahresb. 1860, p 182). When a solution of stannous hydrate in alkaline carbonate is 
mixed with an alkaline cuprio solution {prepared with cupric sulphate, tartaric acid, 
and sodio oarhonate), a flesh-coloured prempitate is at first produced, consisting of 
cuprous aud stannous oxides ; and on adding more cupric sulphate, a red precipitate is 
formed, containing cuprous and stannic oxides. When solutions of stannous and 
cupno oxide in eanstio alkali are mixed together, cuprous oxide is precipitated, 
together with stannic oxide. — With excess of the tin-solution, a yellowish liquid is 
produced, which, when heated, deposits a hkck powder, composed ef Cu’O.SSuO.SnO®. 
5H*0. This compound acquires a tinge of green in drying, gives off 2 at. water at 
100'', and when heated in the air, oxidises with incandescence, and then contains 
cuprous aud stannic oxides. — Wlien a boiling solution of stannous oxide in caustic 
alkali is mixed vritb a small quantity of alkahne cuprio solution, a heavy black pow- 
der is deposited, which acquires metalhe lustre by burnishing ; this body contains 
791 per cent, copper to 14 8 tin , tliorefore 10 at. copper to 1 at. tin and 3 at. oxygen : 
hence it appeals to be an alloy of copper and tm. mixed with cuprous or stannous 

Sesqaloxldo of Tin, 8n’0*. — This oxido was obtained by Puchs, in combina- 
tion wifli water, b;y diffusing recently precipitated feme oxide in a solution of stannous 
cblorido not containing any^ excess of acid, and afterwords boiling the mixture. Ses- 
quioxide of tm is then precipitated, and ferrous chloride remains in solution : 

2SuCP + Pe’0» = Sn«0’ H- 2P60R 

The sesquioxide thus obtained is a slimy grey matter, generally yeUow ftom adhering 
oxide of iron. Ammonia dissolves it easily and without residue, a oharaoter which 
distinguishes this oxide from the protoxide of tm, the latter being insoluble, or nearly 
so, m ammonia. Sesquioxide of tin is dissolved by concentrated hydroolilorio acid , 
the taste of the solution is not metalhe. The solution is distinguished from that of a 
stannic salt, by producing the characteristic purple precipitate with chloride of gold. 
Sesquioxide of tjn does not appear to form definite salts. 

Sioxlde of Tin, or Bttmnlc Oxide, SnO® — This oxide occurs native as Tinstmn 
or OamUnie, being m fact the principal ore of tin (p. 798). It forms quadratic crys- 
tals, usually exhibiting the combination P.ooP . ?« . ooPoo (jig. 322, vol. n. p. 160). 
The prismatic faces are often hut little developed, and Pm is often absent altogether. 
The ooinhinations P . coP . mPf, and P , oap 3P|, likewise occur. Por P, the 
length of the principal axis is 0'6743. Angle P P (terminal) = 121° 35' , P . P (late- 
ral) ■= 87° 17’. Twms ocour like 323. The crystals cleave imperfectly parallel 
to coP and mPm , and in traces parallel to P. The mineral occurs also in imbedded 
and implanted crystals, and m botryoidal or reniform shapes, with fibrous diver- 
gent structure, and composed of concentric coats, constituting the variety called wood- 
ttn, or, when it occurs in small lumps, ioads-eye-tzn ; also massive, granular or impal- 
pable. Hardness = 6 to 7- Specific gravity =■ 6'8 to 7'1. Lustre adamantine ; 
crystals usually splendent. Colour brown or hlacft, somotimos red grey, or yellow; 
rarely colourless. Streak white, greyish, or brownish Nearly transparent — translu- 
cent Praetm-e suheonchoidal, uneven Brittle. 

Analgm. — a. Prom Schlackenwald, in Bohemia (Klaproth, Beitr'dge, ii. 246). — 
h. Alternon, in Cornwall (Klaproth) — o. Pmho, near Pahlun, in Sweden (Berze- 
lius, Sdiw. J. XVI. 266). — d. County of Wicklow, Ireland brown grams from the 
sand: specific gravity >= 6-763 (Mallet, Dublin Qeol. See. J. iv. 272). — e Xeres, m 
Mexico . dark-brown wood-tin, yielding a rad powder specific gravity = 6'862 
(Bergomann, Loonb. Jahresb. 1867, p. 396).—/,^. Prom the sand of the Tipnani 
river in Bolivia, occurring with gold, met&ic tin, and several other minerals. 
f. brownish, g. black; sperific gravity = 7-021 (D. Porbes, Phil. Mag. [4], xxx. 
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Stannic oxide , 
Tantabe oxide . , 

iFemc oxide 
Manganic oxide 
Alumina . 
Insoluble matter 


95 4 98 60 93 6 85 20 89 43 91 81 91'S( 
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. 0-7 0 36 1-4 2-41 6 631 

0-8 . . . . i 

1-20 


1-02 

0-73 

6-48 


2’09 
6 61 
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A colourless specimen from the last-mentioned locality, of specidc gravity 6-848 (also 
after strong ignition), was found by Forbes to consist of nearly pure stannic oxide. A 
specimen from Carabnco, m Bolivia, oecurring in prisms of specific gravity 6-4, was 
found by Krober to contain 96-339 per cent, stannic omde, 2-177 ferric oxide, 0-0116 sil- 
ver, 0 20 tungatie anhydride, 0 260 lead, and 1-737 water ( = 100 638) Chandler (Sdl 
Am. J [2],xxxix 340) found in a tinstone from Durango, in Mexico, about 96-9 per 
cent, stannic oxide, and 4 1 topaz, in ciyatals of various size. 

Stannic oxide may be ciystallised artificially - — 1. By passing the vapour of stannic 
chloride mixed with aqueous vapour through an ignited porcelain tube , larger crystals 
are, however, obtained by difiusing the vapour of the stannic clilonda through a stream 
of dry carbonic anhydride, instead of volatilising it by heat, and then passing it, mixed 
with steam, through the ignited tube. The crystals thus obtained ore colourless, with 
an adamantine lustre, and a specific gravity of 6 72, and are hard enough to scratch 
glass . they are trimetrio prisms, isomorphons with the variety of native titanic oxide 
called brookite, and therefore different from those of native tinstone, which ore quad- 
ratic, audusomorplious wth anatase. Stannic oxide la therefore dimorphous (Daii- 
br4e, Pharm. Ceutr 1849, p. 821). — 2. By'igniting amorphous stannic oxide in a streiim 
of bydi-ochloric acid gas, tho ci-ystals being larger with a rapid than with a slow 
cuirent of the gaa. These crystals are quadratic, like those of native tinstone (D e villo, 
Compt. rend Jiii, 161) — 3 The formation of crystallised stnnnio oxide has been ob- 
served to take place in fusing the dioss or slag collected on the hearth of a furnace 
used for casting gun-metaL The crystals thus produced were veiy hard, brittle, four- 
sided pnsms, similar m form to those ohtaiued by Daubree. (Abel, Cbem Soo, ftu. J 
X. 119.) 

Amorphous stannio oxide is easily obtained by heating tin in contact with the air. 
A grey film is first formed, oonsistmg of a mixtui-e of stannic oxide and metalhe tin, 
formerly called Cirisyowulis (a name afterwards applied to stannic oxide itself ) ; by 
further heating, it is converted into pure stannic oxide. Tin, when riipidly heated to 
Its boihng-pomt, burns with a white flame, yielding flocks of stannic oxide, formerly 
called lYores sianm, s. F/ Jovis, Stannio oxide is also formed by ignitmg tlie prot- 
oxide or sesqmoxide, or tho corresponding hydrates, in contact with the air. Stan- 
nous oxalate, heated m small quantities in contact with the air, yields very hal'd 
stannio oxide (Vogel, Pharm Offntr 1866, p 413) 

Amorphous stannio oxide is a white or yellowish powder, assuming, when heated, a 
transient dark-yellow or brown colour. Its specific gravity is 6 6 bo 6-9 , its cubical 
expansion, between 0® and 100®, is 0 0016 (llopp), 0 0017 (Joule and Playfair). 
It IS hard, and is therefore used for polishing stone and glass, and for sharpening and 
polishing steel, &o. The oxide used for this purpose is eaUod putty-powder, it is 
sometimes a mixture of the oxides of tin and lead. 

Stannic oxide, whether crj-stallised or amorphous, is very diflScult to fuse, and not at 
all volatile It is not attacked by acids, oven in the concentrated state. According to 
Rose, It forms, when heated with the strongest sidjihiinc aetd, a syrupy hquid, which 
deposits the whole of the stannic oxide on dilution with water. When fused with 
and svlfthaU of potasmm, it dissolves, hut separates completely from the fused mass 
on addition of water. It is not dissolved by fusion with alkaline carbonates, but 
IS rendered soluble by fusion with caustie dkali. Whan fused with milplmr, it 
yields sulphide of tin and snlphnrous anhydride , by ignition m cUot-ine-gaa, it is con- 
verted into stannio chloride ; even natural tanstono is decomposed in this manner It is 
reduced to the metallic state by ignition with hydrogen, charcoal, earionio oxide, and 
carburetted hydrogen-gas ; also by heating with potassium and sodium 

Stannio oxide is much used in the preparation of enamel, to render the glass opaque, 
and 111 the manufacture of opaque ghisscs in general. 


Stannio Hturates and Saits 

Stannic oxide forms two hydrates, differing from one another in composition and 
properties — both however being acid.s, and capable of forming salts by exchanging 
their hydrogen for metals. Those hjdiates or iieide .ire etannie acid, SnO- H'O = 
VoL V. . SG 
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II“Su''0®, and metastannie acid, Sn‘0'" 6II’0 — H'^Sn'O'”, the %nnor being 
capable of exeboni^ng the whole of its hydrogen for metal, and forming the stannatee 
which contain M’SnO’, whereas the latter jixdianges only one-flfth of its hydrogen for 
metals, forming the metastannates, M’H’Sn'O**. Berzelius, who first observed the 
differences between these two acids, supposed them to eontain different modifications of 
stannic oxide , but the polyinerism of the two hydrates, and the diversities of composi- 
tion of their corresponding salts, is quite sufficient to account for their differences of 
character without the aid of any such hypothesis (Frdmy, Ann. Oh Phys, [3], xii. 
462 ; zxiii 393). According to E. W eber, however (Pogg Ann cxxii. 358 ; Jahresh. 
1864, p 243), stannic and metastannie acids exhibit no essential differences in their 
behaviour towards bases. He finds, indeed, that normal stannate of potassium can taicc 
up a large quantity of stannic hydrate, forming a clear solution, which, when evaporated 
over oil of vitriol, leaves a hydiated salt containing 1 at K’O to 6 at SnO’ ; and that 
metastannie acid dissolved to saturation in potash-ley, and evaporated in hke manner, 
yields a salt containing 1 at. K’O to 6 or 7 at. SnO* Hence Weber concludes that 
the relations of stannic and metastannie acids to bases are not essentially different, 
and that their supposed polymensm has no existence , but his results require con- 
firmation. 

Stawnio Aoib. — ^This hydrate is precipitated by acids &om solutions of alkaline 
stannates, also from the solution of stannic chloride by a carbonate of barium or cal- 
cium, not in excess , alkaline carbonates throw down an acid stannate. When dried 
m a vacuum, it has the composition SuO’.ff 0 = SnffO® , after drying in a stream of 
dry air, it contains 22'fi per cent water, corresponding with theformuJa 3Sn0’,7H=0, or 
3SnH*0’.4H®0 , and at 140° it gives off 6 at. water, leaving the hydrate 3Sn0®.2H’0, 
which has the same composition as metastannie- acid dned at the same teipperature. 

(p. 820). 

Stamiio aoid, when recently precipitated, is gelatinous ; after drying in the air, it 
forms hard translucent lumps, like gum-arabic, which redden litmus According to 
Weber, stannic acid dried m the air at ordinary temperatures contains SnO’ 2H®0, 
and has therefore the samo percentage composition as air-dried metastannie acid 

Stannic hydrate disaolvos m the stronger acids, forming the stannic salts Those 
salts are also formed by exposing solutions of stannous salts continuing excess of acid to 
the nir, or by treating them with olilorine, or with a small quantity of nitric aoid The 
solution of stannio hydrate in hydrochloric acid is identical with aqueous stannic 
chloride. The.siannic s.vlts of oxygon-acids are very unstable. The general reactions 
of the stannic salts have been already described (p. 810). The individual salts are 
described under the respective acids. 

Stannates— Stannic hych-.ate exhibits aoid much more decidedly than basic pro- 
perties, It forma easily soluble salts with ths alkah-metola, and from these the 
insoluble stannates of the earth-metals and heavy metals are obtained by double 
decomposition. The stannates are decomposed by acids, yielding gelatinous stannic 
acid. The generalformnlaofthe normal stannates is M^Sn'^O* = M'OSnOh They 
have been exanuned chiefly by Prdmy {loo. ot<.)andMoberg. (J. pr. Chem. xxviii. 
230.) 

Stannate of Ammomum. — ^An aoid salt, (NH'')’SnOhSnO® icffO, remains ns a 
yellowish jolly on evaporating an ammoniaeal solution of stannic aoid over oil of 
intriol (Mob erg) A stannate of ammonium is also precipitated, on mixing a solu- 
tion of potassic stannate with sal-ammoniac, ns n gelatinous mass, which dissolves in 
puro water, hut is ropreeipitated Iw ammoma. (Berzelius ) 

Stannate of Potassium, H’SnO'* = K'O.SnO*, is prepared by dissolving 
stannic acid in potash-ley, or by fusing metastannie acid or anhydrous stannio oxide 
■with hydrate of potassium, till a sample mixed with nitric acid gives a precipitate 
which redissolves in excess of nitnc aeid The solution; evaporated over oil of vitriol, 
yields transparent rhombic prisms, containing K-Sii0h4H-0, according to Primy ; 
K-’SnO® SH-'O, according to SLoberg {loo. cit.), Mar ignae (Ann, Min. [3], xv. 277), 
and 0 I'd way (SiU Am J. [2], xl. 173). Marignae prepares the salt by gradually 
adding SO pfo metastannie acid to 80 pts fused hydrate of potassium till the mixture 
bolls up. The mass, if it has net been too strongly heated, dissolves almost wholly in 
water ; and on evaporating the liquid, the salt is obtained in crystals, which are rhom- 
bohedral combinations, often forming twins, and always with curved faces. 

Ordway prepares pure atanuate of potassium by mixing the solution of the crude 
commercial salt (obtained by igniting tin with hydrate and nitrate of potassima) with 
an equal volume of strong alcohol, repeatedly treating the syrupy layer which separates, 
with alcohol, pressing the pasty mass ultimately obtained (which still contains free 
alkali), then dissolving it in water, and washing with alcohol. The oonoenti-ated solu- 
tion evaporated in a vacuum yields the salt in hard, transparent, mouochmo crystals, 
of specific gravity 3-197. 
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Stannate of potassium gives off its water at a red heat It has an alSaline, reaction, 
dissolves easily in water, hut is msoluhle m ajcohol. According to Ordway, 100 
pts water, at 10°, dissolve 106 6 pts of the salt, forming a solution of specific gravity 
1618; and at 20°, the same quantity of water dissolves 110 6 pts. of the salt, forming 
a solution of speoifio gravity 1 627. The aqueous solution is precipitated by chloride 
of ammonium, but not by chloride of potassium or sodium. Dilute acids do not form 
a peimanout precipitate till three-fourths of the alkali ore neutralised. A solution, 
neutralised up to this point, yields, with alcohol, a white floceulont precipitate ofpotaesic 
metastanuate, (Ordway) 

Stannate of potassium is used in calico-printing for the same purposes 
as stannate of sodium, and is prepared, on the large scale, by similar processes 

Stannate of Sodium^ Na^SnO® =» Na^O.SnO®, is formed in the same manner 
the potassium-salt, and separates from the alkaline hquid, on heating, in the crystal- 
line form ; by solution in water, it is obtained m fine hexaspnal plates, containing 
Na’SnO®8H*0 (Moherg, Eammelsberg, Ordway) iMngnae, by proceeding 
in the same way as for the preparation of the potassium-salt, obtains stannate of 
sodium in rhombohedral crystals, with curved faces. Ordway obtains pure stannate 
of sodium as a crystalline precipitate, by adding acetate of barium to the aqueous 
aolntioti of the commercial salt, and mixing the filtered liquid with about an equal 
volume of alcohol. If only so much alcohol be added as not to produce permanent 
turbidity, the salt separates in transparent crystals , H. Jonas (Chem. Oeutr. 1866, 
p 607), by recrystaUismg the commercial salt, obtained pure sodie stannate, in obbque 
rhomhio prisms containing Na*SnO’.9H*0. 

Stannate of sodium is less soluble in warm than in cold water, and consequently 
separates on heating a solution prepared m the cold. According to Ordway, 100 pts. 
water dissolve 67'4 pts. of it at 0°, and 61'3 pts at 20°. According to Haeffely 
(Dingl. pol. J. oiliv. 68), a solution of sodio atanoate, of specific gravity 1’3, deposits, 
when heated, crystals of the composition above given , on cooling, however, these crys- 
tals redissolvo, so thot the solution acquires a specific gravity of 1 35 ; it then gradually 
deposits crystals containing hTa’SnOhSH’O, the aqueous solution of which yields 
immediately when heated, and in the course of some weeks at ordmaay temperatures, 
crystallme metastannate of sodium, 

A solution of stannate of sodium is used in calico-pnnting as a “ preparing salt," or 
mordant, chiefly for fabrics composed of wool and cotton together ; it serves to render 
the cotton-fibre more susceptible of taking the dye, so that the whole fabnc, when 
taken out of the dye-bath, or tho steam-chamher, may exhibit a uniform depth of 
colour The dilute solution, when brought in contact with the fibre, deposits stannio 
hydrate upon it, which binds the colouring-mutter, the action being assisted by boil- 
ing, by the influence of atmospheric carbonic acid, or by the addition of a little sul- 
phiirio acid or sal-ammoniao to the bath. 

Stannate of sodium is prepared, on the large scale, for these purposes by fusing 
tinstone with hydrate, nitrate, chiondo, or sulphide of sodium , by boiling tne tm-ore 
with caustic soda-ley ; by fusing metallic tin with a mixture of carbonate and nitrate 
of sodium, or heating it with soda-ley mixed with nitrate and chloride of sodium, and 
evaporatmg the solution in an iron pot till it becomes heated to tho melting-point of tin. 
Haeffely prepares it by heating soda-ley with tin and litharge , stannate of sodium 
IS then formed, and metaUie lead separated m the form of a sponge, which quickly 
rooxidises when heated in contact with the air. In this process, tin contaming lead, or 
the cuttings of tinplate (tinned iron), may be used instead of piu-e tin. rPor details 
of the several manufacturing processes, see Eicliardson and 'Watts^B Chemical 
Technology, vol i. pt iv. p. 36, and pt. v. p 342.] 

An arsomo-stannate of sodmm, Na’O 6SnO'‘.2As'0‘ + 6aq , is sometimes used in 
English d) eliouses and printworks. It is prepared by adding nitric acid m excess to 
a boihng solution of stannate and arsenate of sodium conlaiiiing nn excess of the 
latter, and treating the resulting gelatinous precipitate, 2SnO“.As“OM0H”O, with 
excess of sola The lu'semo-stannate then separates in ahimng needles, while ordi- 
nary stannate of sodium remains in solution. This arsenical salt is said to be more 
economical in use than the ordinary stannate ; but it does not produce brighter colours 
than the latter, and is likely to he prejndicial to the heallh of the workmen. (Haeffely, 
Dmgl pol. J exl. 290 ) ' 

The sfanvatca of barium, cnl cium, andstrontiMBimayhepreparadbyhoiliug 
a solution of tlie potassium- or sodium-salt with the hydrates or carbonates of the alka- 
line earth-metals, or by ealeming a mixture of tm-ore with lime, baryta, or strontia, 
or with the corresponding nitrates at a high degree of heat in a reverberatory furnace. 
Tlipse earthy stannates, when decomposed by hydrochloric acid, yield pure stanmo 
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acid, TThich may 1)6 used for the preparation of the alkaline etannates. (James 
Young’ a patent, 1848, No. 12,369, and 1849, No. 12,744.) 

Stannatea of Copper , — The ovpric salt, which is used as a non-arsenicaj green 
pigment, may be prepared by adding a solution of 1 at. tin (118 pts ) in nitromuriatio 
acid, to a solution of 1 at. cupric sulphate (260 pts.), thou adding caustic soda in 
exdess, and washing and drying the resulting precipitate; or by igniting 100 pts. 
nitrate of sodium with 69 pts. tin, dissolving the mass in water, and using the solution 
to precipitate onprie snlphato (Q-entele). — The cuprous salt, which has not yet been 
obtained pure, is formed, togetWwith other products, in the action of stannous hydrate 
on eupno oxide, both in alkaline solution (p. 816). 

METXBTi,Hiiio Aoii), Sn‘H"’0'‘ =. Sn“0"’6H^0. — Produced by the action of 
nitric acid npon tin Tin treated with strong nitric acid is completely transformed 
into a white powder, which, when dned in the air at ordinary temperatures, contains 
Sn*O’“,10F“O = an"H"’0"'.6H'‘0, or dSnOMOffO, but when heated for some time 
to 100°, it gives off 6 at. water, and is reduced to 3n“H'"0'“, or 6SnO“.5WO, At 140° 
It gives off more water, leaving the hydrate 3Sn0*.2H®0 (or 6Sn0’'.4H-0, according to 
PrCmy's later statements) ; nt 160° it is converted into 6Sn0^.8ff0, and at a rad heat, 
into anhydrous stannic oxide. 

According to Weber, nitrie acid of specific gravity 1-2 converts tin, at ordinary 
tempei atiires, into stannous nitrate, stannic acid, and metasUnnio acid, which is coloured 
yellow by admixed stnnnoiis metastannate. With nitric acid of speciflo gravity 1 36, 
the products, if the hqiiid is well cooled, are metastannic acid [? stannic] and stannic 
nitrate ; by dilution and heating, the stannic acid is converted into insoluble meta- 
stiinnio acid, which indeed is always produced under the influence of heat. 

Metastannic acid is white, cryetaUmo, insoluble in water, and in nitric acid. It 
takes up hydrochloric or Bulphurio acid without dissolving in it 

The sulphuric compound is decomposed by water, which removes the whole of the 
BiilphiU'io acid. The compound with hydrochloric acid dissolves in pure water, but is 
precipitated from the solution by strong hydrochloric acid. On distulmg the solution, 
Iiydroohlono acid is given off, with only traces of stannic chloride, and metastannic 
.loid remains. According to W eber, the solution, evaporated over oil of vitriol, leaves 
a residue consisting of 8nClt3Sn0’.5II®0. The same solution becomes turbid on 
boiling, and by prolonged ebullition with fresh quantities of water, the whole of the 
metastoiinio acid is separated, the more quickly as the solution is more dilute (Pr dm y). 
(For the reactions of the hydrochloric acid solutions with acids, alkalis, &o ,seep 811). 
A dilute solution of ordinary stannic acid in hydioohlorio acid undergoes a gradual 
ch.inge, and, after some time, exhibits the chai'aotors of a solution of metostannio acid. 
The transformation is quicker as the solution is more dilute, and in very concentrated 
solutions It does not take place ataU, in a dilute solution also, the change may be pre- 
vented by addition of tartaric acid. The gradual transformation of stannic into mota- 
staniiio acid may be recognised by the reaction of the solution with sulphuno acid, 
stannous olilorlde, ammonia, tartaric acid, and ferrocyanide of potassium (p. 811). 

On the other hand, metastenuie acid is converted into normal stannic chlonde by 
prolonged digestion with strong hydrochloric acid, especially at the boihng heat 
When heated in dry hydroohlono acid gas, it yields a distillate of stannic chloride, 
from which ordinary stannic acid may be obtained. By fusion with excess of a caustic 
alkali, metastannic acid is cbmpletely converted into ordinary stannic ncid, 

Metast an nates. — These salts may for the most part be represented by the formula 
M’H®Sa"0'*,orM-0.4ff0.6SnO'' They exist only in the hydrated state, being dooom 
posed when deprived of their basic water, lowenthal supposes that pure metastannic 
acid does not unite directly with alkalis, but that the so-etilled metastannateb are mix- 
tures of ordinary stannetes with metastannic acid, the (jnantity of this acid contained 
in them being less in proportion as the acid used in their preparation bad been 
more completely convertwi into ordinary stannic acid : hence the variations which have 
been observed in tho composition of some of these salts. 

Metastannic acid disaolvea slowly in alkalis, and is gradually deposited in its 
ongiual state, as the solution absorbs carbonic acid from the air. From solutions of 
the alkaline metastannates, acids throw down metastannic acid, insoluble in nitric 
acid, but soluble in ammonia, whereas the original metastannic acid formed by the 
action of nitric acid upon tin is insoluble in ammonia. 

The metastannates of potassium and sodium, heated with excess of base, are trans- 
formed into stannates. They are solilble in water. The other metastannates are 
insoluble, and are obtamod by double decomposition. 

Metastannate of Potassium, K’H“Sn“0“, is prepared by dissolving metastan- 
tiic acid in cold potash ; it may he precipitated in the solid rtate by adding pieces 
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of potash to tho liquid. It is gummy, imcrystallisahle, and strongly alkaline. At a 
red heat, it gives off its water, and is decomposed, the calcined mass, digested in 
water, jnelds up all its alkali, and leaves nearly pure stannic oiide ^r4my).— 
Another metastannate of potassium, containing, according to Weber, K^IPSn’O'® or 
K^O 311=0 7SnO=, was prepared by Bose, by adding caustic potosh-loy to tho solution 
of metastannio acid m hydrochloric acid, tdl the precipitate at first formed was re 
dissolved, and then precipitating with alcohol. This salt is soluble in water ; the 
solution, when heated, does not become tnrhid, but golatmises after a while , it is pre- 
cipitated by potash and by many salts, and leaves a gummy residue when evaporated. 

Metastannate of Sodium, ]Sa'“]I*Sn‘0’'', is obtained like the potassium-salt, is 
white, crystaUo-granular, and dissolves slowly but completely in water. The aqueous 
solution decomposes when gently heated, and on boiling, deposits thewholeof thometa- 
atannicaoid (Frdmy). Haeffely describes another sodium-salt, Na^WSn’O'” 4H?0, which 
w.is deposited from a solution of the ordinary stannates, slowly at ordinary tempera- 
tures, more quickly when heated. i. 

Stannous Metastannate, (Sn"H®)Sii'’0'* = Sn0.5Sn0=.4H=0. — Frimy formerly as- 
signed to this compound the formula Sn0.3H=0.3Sn0* , according to Sohiff (Ann 
Gh Pharm cxs. 47), it is SnO 6Sn0h4H’0 , according to Tschermak (Chem Gentr. 
1862, p 303), SnO 6SuO 9H=0. It is formed by plaemg metastannio acid in contact 
with stannbus chloride. It is yellow, and insoluble in water , at 140° it gives off 
water, and becomes hrown-hlaok, or, if dried in a stream of carbonie anhydride, cinna- 
mon-brown (Sohiff) I dark-brown (Tschermak). When treated with nitdo acid, or 
heated in contact with the air, it takes up oxygen, and is converted into meUistanmo 
acid It dissolves in potash, and the solution, when boiled, deposits tm bke other 
stannous salts. Hydroohlorio aoid dissolves it, forming a solution of stannous eWoride 
and hydioohlorate of metastanme acid. 

When a solution of hydroohlorate of metastanme acid is mixed with dissolved 
stannous ohloride, a yellowish precipitate is formed, perhaps identical with the body 
just described. A similar yellow body, containing, according to Sohiff, (Sn"H'“)Sn"0'" 
or Sn0.6Sn0=,3H'''0, is formed by tho action of stannous cUorideon ordinary stannic acid. 

When stannic oxide is heated in an atmosphere of carbonic anhydride or ammonia, 
a brown oxide 13 formed, containing Sn*0”, either Sn0.7Sn0“ orSn°0“ 0SnO=. (Ts oher- 
mak.) 

Stannous chloride does not act upon normal stannic chloride , but with anhydrous 
stannic oxide it forms a chocolate-brown powder, containing Sn='0“ or SnO,20SnO*. 
This substance does not turn yeUow when boiled with water , it ie less easily attacked 
by acids than the hjrdiuted yellow compound , but when fused with alkalis it is easily 
converted into alkaline stannate. 

TIN-, OXYCH:bORIBB OF. See p. 807. 

trisr, OXYriiTTOKIBE OF. Seep. 813. 

TIN, OXYIODXBB OF. See p ' 814. 

Ynr, FHOSFBISZI OF. — a. Formed by throwing phosphorns upon melted tin, 
or by fusing together equal parts of tin and glacial phosphoric acid, whereby stannic 
or stannous phosphate is likewise formed (Pelletier, Landgrehe, Schw. J.lv. 106). 
The compound may also ho formed by heating in a hlaet-fmiiace for an hour, 6 pts. 
of tin-filings or 8 of stannic oxide with 1 charcoal, 10 hono-ash, 6 pounded quartz, and 
6 horacic acid (Berthier, Ann. Oh. Phys [2] xxxm 180). It is silver-white (lead- 
coloured, according to Berthier) ; it may he cut with tho knife , extends under the 
hammer, but at the same time sphts into laminse. Contains from. 13 to 14 per cent of 
phosphorus, which burns away on tho application of heat (Pelletier).— jS. When die 
compound of stannic eliloride with phosphorotted hydrogen is decomposed by water, 
the phosphoretted hydrogen, as it escapes, reduces tho staniue chloride to the state 
of stannous chloride, and at the same time precipitates phosphide of tig in die form of 
a yellow powder, which remains fora long time suspended in the hqiiid, and oxidises 
readily lu the air. When washed and dried out of eontoct of air, it exhibits the phos- 
phorus-flame before the blowpipe. When ignited in hydiogen-gas, it gives up its 
phosphorus, araountmg to 36 43 — 66’88 per cent , and is converted into mataUio tin. 
(H. Bose, Pogg. Ann. xxiv. 326.) 

TIN', SEXiENIDHS OF. The protoaelemde, SnSc, is produced, with incandes- 
cence, when tin IS heated with eelenium (Berzelius) ; aceonfing toUelsmann (Ann. _ 
Ch. Pharra. cxvi 124), it is also formed oven when tin is heated with ezeeas of sele- ‘ 
mum. It IS light-grey with metaUic lustre, coarsely lammar with crystalline fracture, 
and easily eleavahle. It does not molt m a glass tube, or decompose when heated in 
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hjdrogea-gas ; but when heated m contact with the an, it hnins without m el ting, giting 
off aelenmm, and fonning_ stannic oxide. The protoselemde is also formed, when selon- 
•hydrio acid gas iB paBsed into protoehloride of tin, as a dark-brown precipitate, which 
dries np to a nearly black powder, soluble in caustic alkalis and in sulphidoB of alkali- 
metals. 

The diedmide, or Stannic sdemde, SnSe*, is formed by precipitating aqueous stannic 
chloride with selenhydric add. It is a glittering, dark, yellowish-red precipitate, 
becoming light red-brown when dry. 'When heated m hydrogon-gas, it girea off 
half its selenium , it dissohres in caustic alkalis and alkaline sulphides, the solution 
quickly depositing sulphur when exposed to the air. 

Aceorduig to Little (Ann. Ch. Pharm. cxii. 213), stannio selenide is also formed by 
heating tin in selenium vapour, and is then a tm-white, metallically lustrous mass, 
haring a conchoidal fracture, and a density of 6 133 . it is easily fusible, is not 
attacked ‘by hydrochloric acid, hut is easily decomposed by nitric acid , dissolved by 
nitromuriatie acid. 

Tlir, SUItPKIDXiS OP. There are three sulphides of tin corresponding to the 
oxides ; the sesquisulphide, however, la perhaps a compound of the othor two. 

T'acprotoanlphid-e, or Stannous SnS, is formed, .with vivid incun- 

descence, when finely-divided tin, such as tinfoil, is heated with sulphur The 
resulting mass generally contains motallio tin, and must therefore be pulverised, and 
ropeatedly heated with sulphur in a close vessel. Stannous sulphide thus prepai-ed is 
a dark, lead-grey, lamino-erystallme mass, of specific gravity 4 8 (Karsten), 52 
(Boullay), somewhat tough, difficult to pulverise, and less fusible than tin. Becque- 
rol has obtained it by electrolytic action, in white metallieaUy lustrous cubes. 

The same compound is obtained, as a hrown-hlack amorphous precipitate, by passing 
sulphydrie acid gas into the solution of a stannoufi salt. This amorphous sulphide 
m.!/, however, he rendered crystalline by adding it by small portions, after washing 
and drying, to anhydrous stannons chloride in ttie melted state, as long as it is taken 
up thereby; then leaving the dark-brown liquid to cool, dissolving out the stannous 
clilorida by dilute hydrochloric acid, and removing an admixed dark-hrown powder by 
levigation; stannous sulphide then remains in small, thin, lead-grey, metallically 
liistrons laminte, greasy to the touch, and having a specific gravity of 4 878. (Sohnei- 
, <1 or, Pogg Aim lev 169.) 

Stannous sulphide dissolves in boiling hydroaUmo acid, giving off sulphydrie and, 
aud yielding a solution of stannous chloride. It dissolves but slightly in monosulplade 
of am/momu/m, oven whon freshly precijiitatedj hut easily in solutions of alkaline poly- 
sidphdes, or of the moiiosulphides mixed with sulphur, the protosulphide of tin in 
either case being converted into disidplude. It is slowly oxidised by heating with 
nitnc acid. — OUonne-gas, at ordinary tomperaturea, eonvorts it into liquid stannic 
cUoride, aud a orystalliue compound of that substance with tetrachloride of sulphur 
(H. Bose)' 

2SnS -t 801* = SnCl* + SnCB.2SCl*. 

When heated in hydrogen-gas, it is slowly reduced to the metallic state.— fusion 
with oyamde of potassium, it yields sulphocyanate of potassium and motalhp tin. 

Sesquisulphide of Tin, Sn*S*, is produced by gently ignitmg an mtimate mixture 
of 3 pj:s. stannous sifiphido and 1 pt. sulphur in a retort. 100 pts. of stannous 
sulphide thus treated, take up lOm pta of eulphui. It is gr^ish-yellow, with metallic 
lustre. "Wheu strongly ignited in a close vessel, it gives off one-third of its sulphur 
— With yjotoWey It yields a solution of potassio staiinate and sulphostannate, and 
a residue of stannous sulphide Conceutrated hydrochJona acid converts it into 
disulphide of tin, leaving half the tm in the form of protoxide. The same compound 
separates, in tlie form of a liver-coloured powder, on digesting a saturated solution of a 
sulphostannate with disulphide of tm. By digestion with caustic potash, it is con- 
verted into the black protosulphide. (B erzelius.) 

Disulphide of Tin, or Stannic Sulphide, SnS*. Sulphostanmo aoid. — This 
compound may he produced either in the dry or in the wet way It cannot, however, 
be obtained by simply heating tin with snlphim, because the union of tm and sulphur 
is always attended with great development of heat, sufficient torosolve the disulphide, 
if formed, into protosulphide and free snlphiir. This decomposition may, howcvei, 
he prevented by adding to the mixture certain volatile substances, such as meromy 
or sal-ammomae, which, in passing into vapour, will render latent a certain portion of 
the heat evolved, _ and thus keep down the temperature. According to L. 0 m el i n, how- 
ever, sal-ammoniai^ when present, takes a direct part in the reaction, which then 
Consists of two st^es, first, tho formation of ammonio-stannoiis chloride, with 
evolution of hydrogen and ammonia , 

Sn + INffCl = 2NH'ClSnCl* + H* + 2NH* , 
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and, secondly, tlie formation of etannio sulpliide and ammonio-stannic chloride, by the 
action of the sulphur, on tho ammonio-Btannous chloride: 

2(2NH<G1 SnW) + S» = SnS« + 2NH<Cl.Sn01* + 2NH<a 
The following are soma of the mixtures used : 

a. Protochloride of tin and sulphur (Proust) — J. Equal parts of sifted tin-fllings, 
sulphur, and sal^ammoniao (Pelletier) — o. 4 pts. of tin-filings, 3 pta. sulphur, 
2 pts. sal-ammoniac (Woulfe). — d. A pulverised amal^nm of 2 pts. tin and 2 pta. 
mercury, with ](| pt. sulphur and 1 pt, sal-ammoniac (^hAnard) — e. A pulverised 
amalgam of 12 pts tin and 6 pts. mercury, mth 7 pta sulphur and fl pts. sal-ammoniac 
(whereby Ij pt. of volatile liver of sulphur, 13^ pts. sublimed matter, and 16 pts of 
fine, and for the most part sublimed, mosaic gold are obtained) (Woulfel.— /i A 
pulverised amalgam of 12 pts. tin and 8 pts. mercury, -with 7 pts sulphur and 3 pts. 
sal-ammoniac. — g 2 pts.stannoiis omde and 1 pt. sulphur —A 8 pts stannic oxide, 
7 pts sulphur, and 4 pts. sal-ammoniac (Woulfe). — i. 10 pts. staunous sulphide, 
6 pits, sulphur, and 4 pts. sal-ammoniac (Woulfe)— 6 pts. stannous sulphide, 
-1 pt stannous chloride, and 2 pts. sulphur . — I 6 pts stannous sulphide and 8 pts. 
mercuric chloride, this mixture yields a veiy beantifal preparation. (Woulfe.) 

Either of these mixtures is slowly heated to redness in a glass retort or a loosely 
covered flask, immersed in a sand-bath. Vapours of merciuy, sal-nmmoniae, &o. are 
then given off, afterwards the excess of sulphur, while the stannic sulphide 
partly remains at the bottom of the vessel, and partly coUocts in the upper portion, as 
a Bubhmate consisting of soft golden-yellow or brownish-yellow lamime, imctuous to 
the touch, having a metallio lustre, and a spodflo gravity of 4’60, according to 
Kaisten — 4 4, according to Bonllay. This crystalline stannic sulphide is commonly 
called mosaic gold, Aumm tiiosaicum, a. imaivum, and as such was known to the 
alchemists. Stannic sulphide is likewise obtained in gold-coloured spangles, by 
passing the mixed vapours of stannic chloride and liydric sulphide through a porco- 
lain tube heated to dull redness. 

Mosaic gold is sometimes used, in place of the amalgam of tin and zinc, for coating 
therubbersof eleotrienl machines; it produces powerful excitation, requires no grease, 
and does not stick to the glass. 

Stannic sulphide is obtained in the amorphous state by passing snlphydric acid into 
a solution of stannic oblonde, or of a stannic suit acidulated with liydrocblorio amd 
The resulting light-yollow precipitate, after drying, is yellowish-brown and somewhat 
transluoeut, still contains a certain quantity of water, and decrepitates when heated. 

Stannic sulphide, ignited m a close vessel, is resolved into sulphur and staunous 
sulphide, a portion, however, subliming without decomposition , in contact with the 
air, it yields sulphurous anhydride and stannic oxide In oklonne-gaa it deliquesces 
even at ordinary temperatures, forming a brown hqmd, which afterwards solidifies to 
yellow crystals of the compound SnCl'‘23Cl< (p. 808). Heated with iodine in a stream 
of oaibomo anhydride, it yields the compound SnSP SP, as a brown, cryatalhne, fusible 
mass, or a dark-yellow sublimate. This lodosulphide dissolves without decomposition 
in chloroform and in carbonic disulphide, and separates from the latter solution in 
rhombic crystals of the colour of potaasio dichromate It is decomposed by water into 
sulphur, stannic sulphide, and hydriodic acid, similarly by aqueous alkalis , dcolutl 
decomposes it, with separation of sulphur , ligdrocUorie and nitiio mda separate sul- 
phur from It, (Schneider, J. pr. Chem. Ixxix. 419.) 

A boiling alcoholic solubOn of wdms does not attack erystabme mosaic gold, hut 
slowly dissolves amorphous stannic sulphide ; and the solution yields crystals identical 
with those of the compound SnSP.SP, deposited from solution in corbonie disulphide. 
(Sohueider.) 

Crystalline stannio sulphide is not decomposed by Tiydroohlorw amd ; the amorphous 
sulplude boiled with concentrated hydrochlono aeid is slowly dissolved, with evolution 
of aulphydrio acid Hot mtno and oxidises only the amorphous sulphide ; boiling 
mtromunatie and likewise oxidises mosaic gold, formmg sulphuric amd and staumo 
oxide. Stanmo sulphide tuaed with Mliarge yields, either by partial mutual decompo- 
sition, a mixture of the sulphides and oxides of tin and load ; or, if the litharge is 
in excess, it yields metallic lend, sulphurous anhydride, and a yellow glass. 

Sulphostannatea —Stannic sulphide reacts as a sulphur-aeid or sidplianhydride, 
forming sulphur-salts with the more basic metallic sulphides. The sulphostannatea 
of the alkali-metals are produced by fusing tin with the polysnlphides of the alkali- 
metals, or by dissolving stannic Snlpbide m the aqueous sulphides or hydrates of the 
same metals ; in the latter case, an oxygen-salt js produced simultaneously with the 
sulphur- salt. 

The aulphostannates of the alkab-motals are soluble in water ; those of all other 
metals are insoluble, and are obtained by precipitation, the precipitates being somc- 
tnnob yellowish, hut mostly brown or black (Kuhn, Ann. Ch. Pharm bcxxiv 1 10 ) 



824 


TINCAL— TIN-RADICLES, ORGANIC. 


Ilydrio Sulpfmtanmle, Slannio Snlph/drate, or Saiplustamio Acid, = 

H®S SrS’i 13 obtained, by treating the solution of an alkaline sulplioatannate -vnth a 
dilute aoid, ae a yellow precipitate, which becomes dark-coloured on exposure to the 
air. (Euhn ) 

Sulfhoatamate of Ammmvam is obtained by dissolTing stannic sulphide in mono- 
sulphide of ammonium, or stennons sulphide, stannous oxide, or stannous hydrate in 
polyaulphide of ammonium. — 'Sh&potassmm-edlt is obtamed in hke manner ; on mixing 
its aqueous solution with alcohol, a dark-brown, heavy, oily liquid separates, haviug 
nearly the composition K*SnS’ lOff 0 , this compound gives off all its water at 100“ 
— The sodium-salt, Na'SnS” 2H“0, forms yellow glassy crystals, whose dominant faces 
belong to the regular octahedron. A solution of stannous sulphide and sulphur in 
monoBulphide of sodium, deposits colourless monoclinic crystals, resembling gypsum, 
and containing Na^S Na^SuS* 12H'0. Horing obtained a similarly orystaUiacd salt 
containing Na-SnS’.7H*0.— The sulphoatannatea of banvm, calcium, and strontium, 
obtained by precipitation, are sparingly soluble in water. 

TIW, STTKPROCHiLORIDE and SUI.PKO-XODIDZ1 OP. (See pp. 809, 814.) 
XlircAX,. Orudo borax, as it is imported from Asia, in yellow reasy crystals, 
(See Boiutes, i. 646.) 

TIir-ORE. Native stannic oxide (p. 816). 

xnrpiiAXE, or Timed Iron-ptate . — An oUoy of 2 pts. iron a d 1 pt. tin, ob- 
tained by heating the two metals together to redness. (See InoN, iu. 870 i also Ure’s 
Tiotionary of Arts, &o. EL 897.) 

THf-PTBlTES. Stanmne. Sdl-metal ore, Sulphurei of Tin. itiain aulfuri. 
Zimhes, — A ouproSo-forrons snlphostannate, sometimes also containing zinc, occurring 
in Cornwall, and at Zmnwald in Bohemia, in cubical forms, but rarely in distinct 
crystals, mostly massive, and imbedded in crystallo-granular aggregations, with traces 
of cleavage of the cube and rhombic dodecahedron, and imth uneven to small con- 
ohoidid fracture. Hardness = 4’0. Speeifto gravily = 4 3 to 4 6 It is opaque, with 
metallic lustre, yellowish-steel-grey colour mclining to brass-yellow, and black streak 
Before the blowpipe, on charcoal, it melts to a grey brittle bead, containing- co(iper and 
iron, and surrounded by a white deposit of stanniooxide. The bead gives, with sodio 
ciirhonate and borax, a pale, not perfectly maUeable button of copper , when heated in a 
tube, it gives off sulphurous anhydride, together with a white fume. Niti'io acid decom- 
poses it easily, forming a blue solution, with separation of sulphur and stannic oxide 
Analyses . — a. Prom "Whealrock, Cornwall (Klaproth, Tdtrage, v 298) — h. Prom 
the same (Kudernatsoh, Pogg Ann xxxix 146). — c. Prom St. Michael's Mount, 
Cornwall (Johnston, l^p. Qeol. Cornwall, &e, 1889). — d. Prom the same (Mallet, 
Sill. Am, J, [2], ivi. 83). — e. Prom Zmnwald (Eammelaberg, Pogg. Ann. Ixxxviii. 
607): . a b r i e 

Sulphur . -. . 30^6 29 64 2998 29 46 29 W 

Tin . . . . 26-6 25 66 31 62 26-86 25 66 

Copper . . . 30-0 29 39 23 66 29 18 29 88 

Iron. . . . 12-0 12 44 4 79 6 73 6-24 

Zinc 1-77 10-11 7'26 9-66 

Gangue , , . 1‘02 ^ 0T6 

99-0 99 81 100 00 99'64 09-98 

These analyses lead to the formula Ou''lC'Sn''S’ =■ ^„g|BnS“, or (2Gu“S.SnS*). 
(2M"S.SnS”), where M" denotes Pe and Zn. 

XXiar-RASXCX.XlB, OKOAmc. The general properties and relations of these 
bodies have been described in the article OBaAKO-METAiiio Bonms (iv. 219, 227). It 
IS there explained that organo-tin compounds may be divided into three groups, 
analc^ous in composition to the oxides of tin, and represented by the following for- 
mula, in which B denotes a monatomic alcohol-radicle, 

Sn’'B>. 2Sn"’B". Sn'-E'. 

Moreover, one atom of alcohol-radicle in compounds of the second group, and one or 
two atoms in those of the third group, may be replaced by negative radicles, such as 
chlorine. Honee arise the following series of organo.tin compounds (B-t denoting an 
'aleohoi-radicle, and B - a negative radicle like chlorine) : 
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In the stannio compounds the atomidty of the tin is fully satisfied : hence these 
bodies cannot take up any other radiele (such as oxygen, chlorine, &c ) by direct combi- 
nation, but only by substitution for one or more atoms of alcohol-radicles , m other words, 
they do not themselves act as radicles. In the staimous compounds, on the eontriuy, 
there are two units of atomicity still unsatisfied, and in the stannoao-atannic compounds 
one such unit ; hence these bodies are capable of acting as radicles, Uking up chlonne, 
oxygen, &o. directly, and being thereby converted into stannic compounds. The stannoso- 
Btannic compounds are evidently monatomic; the stannous compounds are always 
diatomic, uniting with 2 at. chlorine, iodine, &e., or 1 at. oxygen, sulphur, &e., to 
form stannio compounds ; there is no known instance of an organo-stannous compound 
taking up only 1 at. of a monatomic radicle, to fbim a stannoso-stannie compound 
(IV. 227). 

Oigano-tin compounds have bfeen obtained, containing methyl, ethyl, and amyl 
The ethyl-compounds have been most completely studied, and will be most convemently 
described first, 

o. Etsti-oompounds. Stanmdthxxs.* 

Three compounds are known, containing only tin and ethyl, viz. : 

Stannous ethide, or Stannodiothyl, Sn'’(0*H*)’. 

Stannoso-stannio othido, or Stannotriothyl, 

Stannio ethide, or Stannotetrethyl, Sn'’(0'H'‘)h 
The first and second of these compounds, as already observed, aotas organio radicles, 
taking up oxygen, chlorine, &o., and forming compounds which may be regarded either 
as salts of these same radicles, or as stannic compounds containing ethyl and negative 
radicles : — 


Sn"(C>H*)’]"-P] 

= Sn.fO®)’ 

Stannodlcthyl-iodldc. 

Staunic dl-iodudlelhldo. 

[Sn"(0»H»)*]''.0 

=. Sn.f%=‘)^ 

StaunodUthyl-oxlda. 

Stannic oxydiethide. 

[Sn''(C»H'>)’>]''.SO* 

Stsnnodiethyl-sulphatc 

■ “-Ds;? 

Stannic sulphatodiethlde. 

[Sn"'(C‘H»)M 


Stanuoti lelbyl-iodide. 

[Sn«(0*H*)»]'.S 


Stannotrlethyl-sulphide. 

Stannic sulphotri ethide. 

[Sn»(0»H“)»]'.(C0“)'' 



St^mnodlethjl-carbonato. Stannic carhonatodiethide 
lidwig has also described a number of stannethyls, which cannot be included in eithsr 
of the preceding groups ; they are represented by the foUowmg formulm, using the old 
atomic weights, C = 6, 68 — 

Acotostannethyl, Sn*(C*£Py. 

Bthstannethyl, Sn'(C<II‘y. 

Eadicle not named, Sn\&II‘y. 

Methylene-stannethyl, 

■ Ethylone-stannethyl, SnX&S'y. 
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The last two are polymsric with stamnodiothylj Sn{0'S'‘), according to Ldwig All 
these radicles aio said to wnite with 1 at clilorine, bromine, iodine, &e. 

KekulA (Ann.'Ch. Pharm cxix. 190) supposoB these anomalous stannethyl-com- 
ponnds to he derived from the more simply-constituted radicles above mentioned, by 
substitution of iodine, chlorme, &e for ethyl . thus, Ldwig’s iodide of aeotostannethyl, 
Sn*(C®H.‘)“I, might be derived, in this manner, from a double molecule of stannoi- 
ethyl, au’(CTl")‘ , and his iodide of ethstannethyl, Sn*(C*II*)“I, in like maimer, from a 
double molecule of stannotnethyl, 3n'‘(C-H’)“. 

Strecker has pointed out that Ldwi^s methylene- and ethyleiie-stannethyl are most 
probably identical with stanuethyl, and that the compounds described by Lowg as 
iodide of melbylene- and ethylene-stannethyl are oxyiodides of stsnnethyl, con- 
taining Sn=(C'H‘)<I‘‘0 and Sn^OWj^PO®— compounds which Strecker has aotuslly 
obtained by other processes (p. 827). In bodies whose moloonlar weights are 
as high as those of the stannethyl-eompounda, the quantities of oxygen indicated 
by these formul® would make but little difference iu the percentage of the other 
r.ements. 

It must further bo observed, that the existence of these nnomaloua stannotbyis 
is by no means well established. Lowig never succeeded in isolating them 
completely, or in preparing their componnds in a puie state ; and Caliours was never 
able to obtain them at however much he might vary the proportions of the 
materials 

Preparation of SiannethyU — 1. Pinely-divided tinfoil is introduced, together with 
three times its weight of ethyho iodide, into o strong glass tube, which is sealed and 
exposed to sunshine A slow reaction then takes place, requiring several weeks’ expo- 
sure to the summer sun for its completion; it may, however, be greatly accelerated 
by concentrating the rays with a parabolic reflector, and at the same time keeping 
the tube cool by immersion m water, or in solution of eupno sulphate , the reaction is 
then completed in a few days The product solidifies to a crystalline mass, consisting 
mainly of stannic di-iododiethide, Sn'’(C®H‘)’‘P, with small quantities of stan- 
nous iodide and stannic lodotricthide, Su‘tC*H“/I (Prankland)' 

2C’H’I -t- Sn = SnCC'H*)*!*, 

3CWI -I- Sn* = Sn^C’H')*! -t Sul*. 

2. A mixture of 1 pt finely-cut tinfoil and 2^ to 3 pts ethylio iodide, is enclosed in a 
scaled tube, and heated to 160° in an oil-batli for 20 or 30 hours After cooling, the 
contents of the tube are found to consist partly of colourless crystals of stannic di- 
lododiothide (iodide of stannodiethyl), partly of yellowish crystals of stannic 
lodotriethide (iodide of stannotnethyl). On decanting the liquid from the crystals, 
and distilling, a small quantity of ethylic iodide passes over first , then, at 230°, the 
stannic iodotnethido , and at 246° the stannic di-iododiethide, the residue consisting ot 
stannous iodide. (Cahours , Eiche ) 

8. Stannideof sodium, prepared by fusing G pts. of tin with 1 pt of sodium, is 
finely pulverised, and mixed with qnarfz-snnd in the proportion of 1 pt of the alloy 
to 1— pts. of sand , the mixture qmclcly introduced into a number of glass flasks of 
3 or 4 ounoe,s’ capacity, and a quantity of ethyho iodide .idded, sufficient to form a 
thick paste the flask is then briskly shaken, and a distiUation-tube adapted to it. 
The action commences in a few minutes, and is completed the more quickly in propor- 
tion as the alloy is richer in sodium The heat which it developes is sufficient to cause 
the excess of ethylic iodide to distil over, after which the flask, while yet warm, is 
closed aiitight ; after the mixture has cooled, the treatmopt with iodide of ethyl is 
renewed, and the same operation repeated till a sample of the contents of the flask 
no longer gives off hydrogen when thrown into water. The dry, dusty, yellowish, 
stinking mass, obtained in this manner from several flasks, is then transfeired to a 
bottle flUed with other (from4j-to5 pounds to the contents of 16 flasks), left to 
stand for an hour or two, and freqilontly shaken , after which the dark-brown othoroal 
solution IS poured into a bottle filled with carbonic anhydride, and left to stand for 
half an hour or an hour, whereupon, especially if there were any air in the bottle, a 
brown substance, which dries up in the air to a white modorons mass, separates out. 
The ethereal solution is then transferred to a retort, mixed with about ^ of its bulk of 
alcohol, and the ether is completely distilled off. There then remains a daik tiirpen- 
tine-like mass [consisting, according to Lowig, of the radicle Sn*(C'H‘)-'], 4ind an 
alcoholic solution, which, when decanted and left at rest, deposits a large quantity of 
yellow Oil, frequently separating, after some time, into two layers, the lower of which 
consists mainly of stannous ethide, Sn''(C*H*)®, or stannodiethyl The alco- 
boho liquid decanted from the yellow oil deposits, on addition of water, a nearly 
oolourless oil, the first preeipiUtcd portion of which coasista mainly of stannous 
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ethide, and "the last of stannosostannic othide nr atannotviBtUyl , ■wliilo the 
intermediate 'portions contain other radidos (p. 82S), tirhich, after conversion into 
iodides, may be separated by fractional crystallisation (Lowig). For Lowig’s method 
of separating these supposed radicles, see Gmehris Handbook, ix. 93. 

Stannons Bthlde, or Stannodlotfryl, Sn''(C2H»)2 — The method last described 
yields^ this radicle oomparatirely pure. The best method of obtaining it however 
IS to immerse a strip of zmc-plate in a warm solution of stannodiethyl-chloride , it 
then collects at the bottom of tbo ressel, as a thick yellowish oil. (Frantland) 

Stannous ethide would probably bo colonrless when quite pure It has a specific 
gravity of 1 668 at 16°, does not solidify at —12°, and cannot be distilled without 
decomposition It has an extremely pungent odour, stronger than that of any of its 
compounds. It is insoluble in water, but soluble in alcohol, and still more solublo in 
et^. — It absorbs oxygen, from the air, but does not fume or take fire , it reduods mtraie 
of siZuiV immediately, -with separation of black metaHio silver, and unites directly 
with chiorme, bromine, and wdine — ^With hydrocMono, hydnodic, hydrobromic, uud 
hydrofiiumo acids, it forms haloid salts, with evolution of hydrogen. When heated 
to 160°, it boils, and is resolved into stannic ethide, Sn(C*H")*, which distils over, and 
metallio tin 

Compoimda of Stannethyl . — ^These compounds, which, as already observed, may be 
regarded as belonging to the stannic type, are produced either by direct combination, 
or by double decomposition from the iodide. 

Bhomidb, Sn(0“H*)*Br’. — ^Produced by treating an alcoholic solution of stannodi- 
ethyl -with bromine, or by dissolving the oxide in hydrobromic acid; also, together 
With other compounds, by_ heating etliylio bromide -with tin to 160°. It forms long 
white needles, having a faint camphorous odour, melts when gently heated, and distils 
without decomposition at 232°. Its vapour-density (taken at 206°) is 11 61; by calcu- 
lation (2 vols.) =• 11 74. It is soluble in watei and alcohol, and especially m ether. 
(Lowig; Oahours) 

CHioinD'B, Sn(0’iH*)=CF.~Ohtamed, in long colourless needles, by dissolving the 
oxide in dilute hydrochloric acid, and evaporating at a gentle heat It melts fit 60°, 
sublimes when slightly warmed, and boils without decomposition at 220?. Vapour- 
density = 8'71 and 8 62 at 268°— 282“ (Oahours), calc. = 8 62. It has a 
stronger odour than the bromide, is moderately soluble in boiling water, more easily in 
alcohol and in ether. (Lbwig, Frankland, Oahours.) 

When ammonia is added by drops to a boiling aleohoho solution of the chloride, till 
a permanent precipitate begins to form, this precipitate redissolved by addition of a 
little more of the stannodietliyl-cbloride, and the liquid left to cool, white shining 
laminseare deposited, consisting of stanuodiothyl-oiychloride,Sn*(0*H®)'001'‘. 
(Strecker.) 

FinoBiDB, Sn(0“H‘)’F*. — Obtained, in fine crystals, by evaporating the solution 
of stannethyl-oxide in bydrofiuonc acid. 

I oDinn, Sn(0®H‘)*I*. — TWs compound is the direct product of the action of ethylie 
iodide upon tin, or upon sodium-stanuide containing a small proportion of sodium, 
and IS likewise easily produced by the action of iodine on stamiodiethyl in ethereal 
solution. It forms colourless, inodorous, needle-shaped crystals, often several inches 
long, melts at 42°, sublimes at 160° m shining needles or laminae, and boils, without 
decomposition, at 246°. It dissolves sparingly in cold, more easily in warm water, 
also in cold alcohol and ether (Lowig, Frankland, Oahours.) 

The warm aqueous solution of the iodide, mixed with a small quantity of ammonia, 
yieldh, on cooling, an oxyiodide, Sn*(C-II“)'PO”, in hard prismatic ciystals, 
slightly soluble in water, more soluble in alcohol or other The same crystals are 
obtained by boiling oxide of stnnnefhyl with an alcoholic solution of tlio iodide. 
(Strockor.) 

lodocyanide, Sn( C*II*)-CyI — ^Produced by heating equivalent quantities of stonn- 
ethyl-iodide and silver-cyanide with a small quantify of anhydrous alcohol, in scaled 
tubes immersed m a salt-bath. By evaporating the filtered solution, it is obtained as 
a crystalline powder 

Oxide, Sn(C^II‘)“0 — Obtained, as a white powder, by evaporating an othoreal solu- 
tion of stanuodiothyl in contact with the air, or by precipitating a solution of a 
Btannethyl-salt -with ammonia. It is taeteless, inodorous, not volatile, takes fli’e when 
heated in contact with tho air, burning with a bright flame, and giving off fumes of 
stannic oxide It is insoluble m water and in ammonia, nearly insoluble in alcohol 
and ether, but dissolves easily m dilute acids and in the flynd alkalis. On distilling it 
with excess of aqueous potash, stannotriethylie hydrate passes over with the 
aqueous vapour, and stannate of potassium remains behind 

3Sii(C“H70 + 2KHO = K'SnO* + 2Sn(C=H‘)\nO). 
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FentacUaride of phospJiorus acts strongly on stannodisthyl-oxido at a gentle heat, 
yielding a distillate of stannethyl-chloride and phosphoric oxychloride, w£oh may he 
separated hy water: 

Sn(C*H»)’0 + POl' = P001» + Sn(0»H»)=CP- 
OxTaBN-sxi.'rs — ^The stannodiethyl-ealts of oxygen-acids are formed hy dis- 
sol-ving the oxide in the respootive acids, or by decomposing the iodide with silrer- 
salts They are crystallisable, inodorous, soluble in alcohol and in water, less soluble in 
ether. They decompose whon heated, emitting a pungent odour like that of mustard-oil. 

, Acetate, Sn(0'Hy(C*H»0^)®.— This salt separates, on gradually adding stanno- 
diothyl-oxide to boihng dilute aeetio acid, as a thick oil, which solidifies to a crys- 
talbne mass on cooling By solution in alcohol, and alow evaporation, it is obtained 
in beautiful transparent pnsma or tables. 'When heated, it partly decomposes, partly 
bnblimes unaltered. It dissolves sparingly in water, easily in alcohol or ether. 

Gyanato, Bn{CW)*(CNO)*.— Itcodneed by the action of silver-cyanato on an 
alcohobc solution of stannocbothyl-iodida , crystallises on evaporating the solution. 
(Oahours ) 

Formate, Sn(C®H'')’(CH'0-)^ — Stannethyl-oxide gradually added to dilute fomic 
add, dissolves atflist, hut on further addition, stannodiethyl-formate separates us a thick 
colourless oil, which solidifies in the crystalline form on cooling, and, when recrystal- 
lised from alcohol, forms transparent prisms (Cahours.) 

Nitrates — The neutral sait, Sn(0*H*y^(lI0*)®, is obtained by decomposing the 
iodide with nitrate of silver, or hy dissolving the oxide in dilute nitric acid, and is 
obtained by slow evaporation in rather large prisms 'When heated, it melts, decom- 
poses, and burns with shght detonation. It is easily soluble in water and in alcohol 
(Ldwig; Prankland; Cuhours).— A Jasicmtrute, |, is obtained, 

by decomposing the oxychloride in alcoholic solution with niriate of silver , the solu- 
tion, when evaporated, yields crystals nearly insoluble in water (Streoker ) 

Oaalflfe, Sn(0*H")'(0»0<). — ^Precipitated, on mixing the solutions of ammonium- 
oxalate and stannethyl-iodide, as a dazzling-white amorphous powder, insoluble in 
water, (Cahours) 

8ul$hate, Sn(C*H*)-‘(SO‘). — ^Prepared like the preceding salts. Beautiful orys- 
' tiilline himiwe, soluble in water and in alcohol. (Oahours j Ldwig.) 

jButyno and VaZeriama aoida behave with stannoJiethyl-oxido like acetic acid , » 
boiling solution of tartaric acid dissolves the oxide, and yields hard prisms on cooling. 
— (htno acid acts in like manner. (Oahours ) 

SunrHiDB, Sn(C*H‘)*8. — Precipitated as a white powder, on passing sulphydrio 
acid gas tlu’ough an acid solution of a ataiinodiethylio salt It has a pungent nauseating 
odour, like that of decayed horseradish. It la insoluble in dilute acids and in 
ammonia j soluble in strong hydroehlono acid, potash-ley, and sulphide of potassium , 
and IS precipitated unaltered from the lost two solutions, on addition of acids. 
(Prank! and ) 

SuLSKooTANATE, Sn(C'''H‘)’(CNS)'‘. — ^Formed by prolonged digestion of stann- 
ethyl-iodide in alcoholic solution with sulphocyanate of silver. The solution, oon- 
centrated by evaporation, yields colourless crystals, which have an alliaceous odour, 
and decompose when heated, turning black and giving oft' fetid products 
Stannosostamnlo XStblfte, or Stannotiietliyl, 2[Sn"'(C“H“)’]. 8esmmian- 
ncthyl Nethstannethyl — ^Tbe preparation of this compound by Ldwig’s niottiod has 
been already doacribed (p 826) Cahours adds athylic iodide in excess to an alloy of 
80 ptB tin and 20 pts Bodiran in a retort, and after the spontaneous reaction is over, 
heats the residue with a small quantity of ethylie iodide in strong glass tubes for 
twelve hours to 120°. The contents of the tubes, when cold, are added to pure ether, 
and after twenty-four houre’ digestion, the solution is filtered into Tesaols filled with 
carbonic anhydride, whereupon it deposits a white floccuient mass The solution 
filtered therefrom is distiUod to one-eighth of its original volume , and tho residue is 
mixed with half its vobune of ordinary alcohol, and farther evaporated, till a clear 
yellowish oil settles down to the bottom of a viscid uolomiesB liquid. This yeUow 
oil, after washing with alcohol and heating to 170° — 180°, constitutes pure stanuo- 
triethyl. This compound, according to Kulmiz, is a nearly colourless, heavy, slightly 
refraetive oil, having a peculiar odour like that of rotten fouits. It unites directly 
with oxygen, chlorine, hromino, and iodine. 
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Ccmepovmds of Stannotriethyl. 

These compounds may be regarded as formed by the union of 1 at. iodine, cMorine, 
&c. with 1 at. of the monatomic radicle Sn'"(0'*H")“, or as stannic molecules, in which 
three of the four units of atomicity of the tin are neutralised by ethyl, and the fomth by 
a ncgatira radicle (p, 825). the molecnle being doubled for compounds containing diatomic 
negative radicles, such as 3, 0, SO*, &c . ; ey.- 

Sn"'(G«H»)“.Cl = Sn'rp^“)' 

StannocrtQthyl- Stannic cliloro- 

chloride trlelhlde. 

[Sn'''(C>H«)>]».S0‘ = 

Siaunotriethyl-sidphate, Stanme ampliute- 

Their modes of formation are analogous to those of the stannethyl-compounds, 
BeomipB, Sn(C-H“VBr — ^This salt is most easily obtained by treating the oxide 
with hydrobronue acid. It is a colourless, mobile, strongly refracting liquid, of 
specific gravity 1 630, and boiling at 223“. It has a voiy pungent odoim, like that of 
mustard-oil, dissolves readily ui ether and inalcohol, even when dilute, but very sparingly 
lu water (Ldwig, O.ahours, Kulmiz). Vapour-density = 9 924 (Oahours), 
calc = 9 60. 

Chxobide, Sn(C’H‘)’0L — Obtained by dissolving the oxide in hydrochloric acid, 
or (more readily) by adding that acid to an aqueous solution of the sulphite It is a 
transpiu’ent, colourless, strongly refracting liquid, having a very powerful and suffoca- 
ting odour, Specific gravity = 1'428 at8“(CahouTs), 1 320 (Kulmiz). Boils at 209°. 
Vapour-density (obs.) = 8 430 at 28S° , calc. = 8 33. At 0° it solidifies in colour- 
less prisms According to Kulmiz, it forms, with flatvnio cUoride, two crystalline 
compounds, containing Sn’(0*H*)“CP PtCl'' and Sn(C-H*)''01 PtCP, respectively. It 
also forms crystalline compoimds with auno and merettno Monde. 

Ctanidb, Sn(C*H‘)*Cy — 'Whon stannotnethyl-iodide and silver-cyanide are gently 
heated together in a retort, this compound sublimes in snow-white crystals, which may 
ho freed from a grey substance, often adhering to them, by solution in alcohol and 
spontaneous evaporation It forms silky flexible prisma, which melt when gently 
heated, and suhhmo without decomposition. When quickly heated it suffers partial 
decomposition. It is nearly inodorous in the cold, but when heated, it omits an 
odour like that of prussic acid and the stannotriethyl-compouuds together. 

Etdeatb, - Sn‘'(C»H*)»(H0).— This compound is separated 

from solutions of stannotriethyl-salts by caustic potash, but generally remains dis- 
solved It may, however, be withdrawn from the solution by agitation with ether, 
and obtained m the orystallme form by leaving the ether to evaporate When a solu- 
tion of stannotciethyl-iodulo is distilled with excess of potash, the hydrate passes 
01 cr with the aqueous vapour, and solidifies in the crystalline form on cooling ; and 
oven when the alkaljne solution is gently heated in a boaker-gUss, the hydrath gra- 
dually sublimes, filling the entire space with slender crystals, which form a mass like 
cotton- wool, To obtain the hydrate from a niixturo of the iodides of stannethyl and 
stannotriethyl — such as is ordinarily produced by the action of tin on ethylic iodide — 
the mixture is dissolved in alcohol ; silver-oxide is added as long as silver-iodide is 
thereby pi oducecl, the solution containing the hydrate of stannofriethyl is filtered 
from the precipitate consisting of a mixture of stannethyl-oxide and silver-iodide , and 
the filtrate evaporated over oil of vitriol 

Stannotriothyl-liydrato forme colourless prismatic crystals, moderately soluble in 
alcohol, either anhydrous or hydrated, easily in ether, taie solutions have a strongly 
alkaline reaction and caustic taste, precipitate most of the heavy metals from their 
solutions as oxides or hydrates, and absorb carbonic acid from the air. The hydrate 
neutralises acids completely, forming with most of them erystallme salts. 

Iodide, Sn(C“H‘)“I.— This compound is produced in small quantity when tin is 
heated to 150° with ethyhc iodide, more abundantly when an alloy of tin imd sodium 
is used , also, together with ethylic iodide, by the action of iodine on stannic ethide : 

Sd(C“H*)' -s I» ,C“H*I + Sn(C®)»I. 

The best mode of preparing it is to treat an alloy of 7 pts. tin and 1 jit sodium 
with ethyhc iodide, whereupon a brisk action takes place, accompanied by gi'cat nse 
of temperatui'e As soon as this action is over, the residue, mixed with ethylic iodide 
to IV thin paste, is enclosed in scaled tubes, and heated, for cightecu or twenty hours, to 
126°, or .It most 130° Tlic tubes, when cold, are opened, the contents ticutrd with 
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etliei', and the filtered eolution evaporated, after addition of a little alcohol. On 
leaving the ether to evaporate, a yellowish oil separates, the quantity of which 
increases on addition of water, and on dishllingthis oil by itself, pure stannotriethyl- 
iodide passes over, between 230° and 23S°. (Cahours ) 

Stannotriethyl-iodide is a colourless, heavy, strongly refracting liquid, of specific 
mavity 1 833 at 22°, aud hoihng without decomposition between 286° and 238° (Ca- 
n our a) It solidifies in a mixture of carbouie anhydride and ether. It has a pungent 
odour, attacking the nose and eyos.lihe oil of mustard. It mixes in aU proportions 
with absolute alcohol and with other, dissolves sparingly in water, easily in hydrated 
alcohol. It dissolves iodine, with brown colour in the cold , but on heating the solution 
the free iodine disappears, and iodide of staunothyl is formed, together with iodide 
of ethyl. 

Staunotriethyl-iodide absorbs ammonia-gas, forming the compound Ss(Cf‘H‘‘)"I. 
2NH’, which may he obtained in thin prisms, by adding a solution of the iodide to 
anhydrous alcohol saturated with ammonia-gas, warming the liquid for a few hours iu 
the water-bath, and then leaving it to cool. It likewise forma crystalline compounds, 
of analogous composition, with etltylamme, amylamme, and aniline. 

OxiDB, Sn*(CW)''0 —Obtained, by prolonged heating of the hydrate to a tempe- 
rature near its boiling-point, as a transparent oil, which, when mixed with a small 
quantity of water, is reconverted into the crystalhne hydrate. (Oahours ) 

OxYaEif-SAi.TS. — ^These salts lire obtained by dissolving tho hydrate, oxide, or 
carbonate of stannotriethyl in the aqueous acids, or by decomposing tho iodide with 
silver-salts. They are mostly crystalline, and dissolve readily m water, alcohol, and 


Acetate, Sn(C'H')*(0'H‘0^) — Prepared by dissolving the oxide in aoetio acid. 
Slightly soluble in water, easily m alcohol, whence it separates, by spontaneous evapo- 
ration, in tufts of white silky needles. It melts at a gentle beat, sublimes at a some- 
what higher temperature in snowy flocks, and boils without decomposition at 230°. 
(Kulmiz, Oahours.) 

Ai eenate, Sii(0*H‘')*(AaO''). — ^IVhite erystaUine moss, soluble in alcohol, and 
crystalhsing therefrom in tufts of shining needles. (Kulmiz.) 

Semoate, Sn(C“H“)''(0’H‘0'). — Obtained by double decomposition finm tho 
iodide long, transparent, highly lustrous prisms, which melt at 80°, and subhme 
without decomposition at a highei temperature. Spumigly soluble in water, easily in 
alcohol, even when dilute. (Kulmiz.) 

Buti/rate, Sn(0^H‘)“(C''H’0’) — Thin shining needles, sublimable without de- 
composition, slightly soluble in cold water, moderately soluble in alcohol, especially 
when warm. 

Carbonate, Sn«(C’H‘)'’(00’). — The hydrate absorbs earbonio acid from the air 
during the evaporation of its alcoholic solution. The alcoholic solution of the sulphate, 
mixed with carbonate of ammonium or carbonate of sodium, deposits stannotriethyl- 
oarbonate as a dazzling-white crystalline powder. (Kulmiz.) 

Oynnate, Sn(C’H'’)*(ONO). — ^Prepared by graduallv adding dry oyanate of silver 
to an alcoholic solution of stannotiiethyl-chloride, as long as tlio liquid is thereby 
coloured yellow. The filtrate left to evaporate yields the salt in tufts of thin prisms, 
having a silky lustre. It is moderately soluble in alcohol and in ether, is converted 
into carbonate by exposure to moist air, gives off carbonic anhydride when treated with 
strong aeids, and ammonia when boiled with potash. 

When ammom.a-gas is passed into the alooholio solution of tbis salt, and the liquid 
left to evaporate, there remains a substance which dissolves partially in alcohol , and 
this solution yields, by evaporation, long colourless prisms, regarded by Kulmiz and 

Cahours as staunotriethyl-earbamide, hut they are, perhaps, 

Sn(0'H»)'') 

only a mixture of corbomide (urea) with a salt of stannotrictbyl. They have not been 
analysed 

Bor mate, Sn(C’H'’)*(CHO°) — Thin prisms, having a silky lustre when dry, melt- 
ing between .50° and 60°, and then subliming ooiupletely , very soluble in strong 
aleohol. (Cahours, Kulmiz) 

Sitrate, Sn(0'‘H*)“(NO’) — ^Prepared by mixing an alcoholic solution of the 
hydrate with nitae acid, then adding ether and enough water to cause tho liquid to 
separata into two layers, the upper of which coutams the nitrate, and leaves it as a 
syiupymass when evaporated 'WJkon cold it forma a transparent vanish, which 
dissolves easily in alcohol and cthor, and bnrns away, when heated, with a faint light, 
but without detonation. (Lowig) 



STANNIC ETHIDE. 


Oxalate, Sn“(C=II*)“(0“0^)" — Asolutioii of oxalio acid in dilute aleoliol takes up a 
largo quantity of atannotrietkyl-liydrate, and deposits the oxalate, on evaporation, in 
ehming colourless prisms, sparingly solnhlo m cold, easily in warm water, alcohol, or 
other. It 18 inodorous at ordinary temperatures, but decomposes when heated above 
100°. (Gahours; Kulmiz.) 

Fho&^liaU, - SEPPOwj^®^,’'.— Obtained by treat- 

ing the carbonate with dilute phosphoric acid as long as effervescence is produced, as 
a white powder, which dissolves in very dilute alcohol, and separates, on evaporation, 
in tufts of transparent shining needles. It is moderately soluble in warm water, very 
soluble in dilute alcohol, shghtly in ether The solutions have an acid reaction. 
(Kulmiz ) 

Sulphate, SnVG“H’)“(SO<)". — Separates from alcoholic solution in nearly trans- 
parent aix-sidrd prisms with six-sided pyramidal summits (Kulmiz). It is more soliihle 
in cold than in wann water, so that a solution satniated in the cold solidifies almost 
completely when heated (Buckton). It is easily soluble m alcohol. (Cahours.) 

Pu) <r(!<cs.— The neutral ealt, Sn’(C®)“(0*H*0“)'', is obtained by teeating the 
carbonate with excess of tartaric acid, dissolving the crystalline de^sit in dilute 
alcohol, and leaving the solution to evaporate. It forms cubic crystals, which melt and 
decompose at a rather high temperature. — An acid salt, Sn\0'H*)<'(C'B[‘0“)".0‘H*0° 

+ 2aq , 18 couUined in the mother-liquor of the neutral salt , and on leaving tins 
liquid to evaporate completely, washing the crystalline residue with a little water to 
remove excess of taitnrio acid, then dissolving it in aqueous alcohol, and leaving the 
solution to evaporate, the acid tartrate separates in well-defined, shining, rhombic 
crystals, moderately soluble in water, easily in dilute alcohol (Kulmiz ) 

A few other oxysalts of stannotriethyl have been prepared, but not aeenrately inves- 
tigated — The bromate and wdate, formed by the action of bromine or iodine on an 
alcoholic solution of stannotriethyl-hydrato, separate in small shining crystals, which 
detonate slightly when heated (Lo wig) — The oai>roale, caprylate, and vakrate resemble 
the acetate and butyrate. (Cahonrs). 

SuiPHinn, Sn’(CIH“)"S. — •'Wlieu an alcoholic solution of the hydrate is divided 
into two equal parts, one portion saturated with sulphydric acid, and the second por- 
tion added after the excess of sulphydrioacidbasheenexpeUedby evaporation, the sul- 
phide separates as a heavy oil, which may be dnod over sulphuric acid It is trans- 
parent, has an amber-yellow colour, strong refracting power, and a fetid odour. 
(Cahours; Kulmiz) 

SuLPHTDiiATis, Sn(C’-H*WHS). — Obtained by satm-ating a solution of the hydrate 
in absolute alcohol with siupliydnc acid gag, and evaporating, m colourless needle- 
shaped ciystals having an odour of mercaptan (Cahours ) 

SuLPHOCYAWATi!, Sn(0’H'’)’(CNS). — Obtained by boating an alcoholic solution of 
the iodide with excess of silver-sulphocyanate m the water-bath, and evaporating, as a 
viscid, slightly amber-yellow mass, which gradually becomes cryutalhna It molts 
when heated, and solidifies again in the crystalline state on cooling. It dissolves in 
alcohol and ether, and exhibits the general reactions of the two eulphooyanates. 
(Cahours) 

Stannic Stblde, or Stannotetretbyl, Su*’'(C*H‘)< ■— This compound is pro- 
duced by the action of zinc-othyl on iodide of ataunodielhyl or iodide of stannotriethyl, 
the iodine being replaced by ethyl : 

Sn(C»ff)»P + Zn''(C*H“)“ = ZnP -i- Sn(G’'H«)'. 

2Sn(C>H»)=I + Zu(0“H*)» = Znl» -t 2Sn(G=ff)''. 

It is also formed by the action of zine-ethyl on stannic chloride (Buckton), and 
lastly in the distillation of stannous ethide, metallic tin being separated at the same 

To prepare it, crystallised staniiodiethyl-iodide (stannic di-iododiethide) is gradually 
added to an ethereal solution of zine-ethyl, the crystals then dissolving with moderate 
rise of temperntime, and a syrupy liquid bemg ultimately obtained If this liquid 
—which should contain an excess of zmo-othyl— he then distilled, the boiling-point 
quickly rises from 70° to 180°, and tbogimter part of the product passes over between 
180° and 200°, while ziuc-iodide and a small quantity of zinc-ethyl rotnain in the 
letort Tile distillate contains a little zinc-ethyl, which must he decomposed by water, 
with addition of acetic acid, and the heavy oil which then settles down is separated' 
from the supormitant watery liquid, dried over chloride of calcium, and rectified 
(Pranklaiid) 

Stannic ethide is a transparent colourless liquid, of spociflo gravity 1 87 at 23°. It 
rmnaius liquid at —13°, and boils at 181°. Vapour-density, obs. = 8'021 (Prank- 
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land); calo. =«= 8"108. It has a faint ethereal odour, and a somou'hst motallic hut 
not xinpleasant taste. It is inflammable, and burns irith a dark-blue-edged flame, 
emitting white fumes of stannic oxide In oxygen-gas it burns with a dazzling light. 

Stannic atlndo dissolves ladma with brown colour, which gradually disappears If 
the addition of iodine be continued as long as the brown colom- disappears without aid 
of heat, and tlie liquid be then distilled, ethylic iodide and afterwards staunotriethyl- 
iodide pass over (Buckton; Brankland). Wlien the action of the iodine is 
assisted by a gentle heat, the decomposition goes further in the same direction, and a 
mixture of the iodides of ethyl and stannodiothyl is obtained (Oaliours). Lastly, 
when stannio ethide is somewhat strongly heated with excess of iodine in a sealed tube, 
iodide of ethyl is produced, together with red iodide of tin. (Gahours ) 

Stannic ethide reacts in a similar manner with bromine 

StannieothidoiBnotdeoomposedby«.'Btcr,neitheTiaitactedon by strong hydroohlono 
acid in tile cold ; but on heating the mixture over mercury to 80° or 90°, bubbles of 
hydrie etbide are veiy slowly evolved, and stannotnethyl-chloride is produced 
(Brankland) ; 

Eln(C»lI»)* + HCl » C»H»H + Sn(0=H»)“ai. 

According to Oahours, the reaction takes place more quickly at 100°; and if it bo 
longer continued, with a larger excess of hydrochloric acid, crystallised stannethyl- 
chlciride is produced. 

Stannio eUude mixes with stannic cMoride, producing considerable rise of tempera- 
ture, and forming chloride of stannotriethyl: 

3Sn(C!!H»)‘ 4- SnCl< = 4Sn(C«H')»Cl. 

It also mixes with oUonds of atannethyl, hut without acting chemically upon it, at 
least at moderate temperatures. (Buckton.) 

;8. Mbtkvl-oompo'ukds: SrxNNitBTHriiS • 

These compounds arc analogous in constitution to the stannethyls, which they also 
resemble, generally, in them properties and modes of formation. Their names and 
formidse are os foBows 

Stannous mothide, or Stnnnodimethyl, Sir(0H®)*. 

Stonnoso-stannous mothide, or Stanuotriinethyl, 2[(Sn‘'(CH*)’]. 

Stannic methido, or Stannotetramethyl; Sa'’(OH®)h 
The first is a diatomic, the second a monatomic radicle , the third, in which the 
atomicity of the tin is fully satisfied, docs not act as a radicle. 

There are also tm-compounds of analogous constitution, containing both ethyl and 
methyl 

Stannous Kethlde, or Stannoaimetbyl, Sn"(0ff)^ — ^Tliis compound is 
formed by heating mothylio iodide with an alloy of 1 pt sodium and 5 pts. tin, m sealed 
tubes to 130°. By exhausting the contents of the tulies with other, and evaporating 
the solution m an atmosphere of carbonic anhydride, it is obtained, not quite pure, us 
a heavy oily liquid having a mouldy .smeU It is insoluble m water, easily soluble in 
alcohol and ether, and is resolved by heat into stannic inethide and metallic tin. 
The alooholio solution forms, with mtrato of sdver, a black precipitate of metallic 

The compounds of stan nodimethyl may be regarded (like those of stannodiethyl) as 
stannio compounds, m which two out of the four units of atomicity of the tin are satis- 
fied by methyl, and the other two by a negative radicle. They aie formed either by 
direct combination, or from tho iodide by double decomposition. 

Bromide, Sn(CH*)‘BT’‘ —Obtained by treatmg the oxide with oxcess of hydro- 
bromic acid, and separates fiiom the concentrated liquid in crystals, which may bo 
purified by recrystallisatiou from alcohol They are colourless prisms, isoinorphqus 
with tlie corresponding chloride. The salt boils without decomposition at 208°' — 
210° It IS moderately soluble in water, more easily lu alcohol. (Oahours.) 

Ohio ride, Sn(OH“)’GB. — Separates, on evaporating a solution of tho oxide in 
oxcess of hydrochloric acid, in flue pri.sms. It melts at 90°. and boils at 188° — 190° 
Vapour-density, obs (at 266°) 7'131 , calc. = 7‘63, It dissolves in water, more 

easily in alcohol and in ether. (Oahours ) 

fodide, Sn(CH”)’I’ — Produced, like the corresponding ethyl-compound, by the 
achon of tin on methylio iodide in sunshine (Frankland), or with aid of heat 
(Oahours and Biche). To prepare it, 2^ to 3 pts. raetliylic iodide are heated with 
1 pt of tinfoil to 160° — 160°, in sealed tubes, for twelve to fifteen hours. The tubes, 
after cooling, contain a mixture of a brown liquid and sulphiU’-yellow crystals, and on 
♦ Frankland, Ann Ch. Pharm, iTxav. 346, Jahrmli 1862, n. 672-Cahnurs and Riche, 
Ann, Ch Pharm. Ixxxvill 310 i Jalirosb. 1882. p. 677.~C u h o u r s, Ann Ch. Phaim. cxiv. 307; 
J,lhresb 1859, n 426. 
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anlijeoting this mixture to fractional distillation, metliylic iodide passes over first 
after ■ffliich tlio huihng-poml gradually rises to 230“ aud at last nothing hut red lodido 
of tin is left The distilhite, on coohng, deposits yellow crystals of stannic di-iodo- 
dimethide, and the mother-liquor decanted therefrom consists chiefly of stannic lodo- 
trimethide ; hut if it be again rectified, the portion which last goes over will yield an 
additional quantity of stannic di-iododimothido. The crystals are pressed between paper, 
then dissolved in a mixture of alcohol and ether , and by leaving this solution to evapo- 
rate in a shallow vessel over oil of vitriol, in a dark place, a-ystals of considerable size 
may he obtained. 

Stannic di-iododimethide, or iodide of stanuodimcthyl,forms oblique rhombic crystals, 
which become somewhat opalescent on exposure to the air It melts at about 30° to 
a liquid resembhng melted sulphur , aud by piercing the crust which forms on cooling, 
and pouring out the still remaining liquid, it may be obtained in well-deflited rhombic 
prisms Bpeeiflo gravity = 2'872 (at 22°). It boils regularly at 228° Itdissolvesin 
water, especially when warm, and very easily in alcohol, wood-spirit, acetone, or 
ether Ammonia separates white slannethyl-oxido, insoluble in excess of ammonia. 
(Cahours) 

Oxide, Sn(CH*)“0 — The precipitate, obtained in the manner just mentioned, forms, 
when washed with dilute alcohol and dried, a white, amorphous, tasteless powder, m- 
soluhle in water, alcohol, etlier, and aqueous alkalis When heated, it decomposes, 
giving off the odoiu- of stannotrimethyl-oxide. When stannodim ethyl-oxide is heated 
with excess of potash, slannotrimethyl-oxide volatilises with the aqueous vapour, and 
stannate of potassium remains behind ’ 

3Sn(0H>)^O + 2KIIO -= K=SnO« + Sn«(CH»)«0 + ffO. 

Oxyqen-salts — Most ends dissolve the oxide of stannochmethyl, forming crys- 
talhsable salts. — The formate, Sn(OH*)*(CHO®j’, orystallisos in fino prisms, which, 
when heated, partly decompose, partly sublime uiialteied —The hiityrate and acetate 
closely resemble the formate — The capm/laU and vaierate crysbilliso easily, and aro 
soluble in idcohol — ^Tlie sidphate, Sn(OH’)“SO*, obtained by decomposing the lodido 
with silver-sulphate, or by dissolving tbe oxide in a sbght excess of dilute sulphurio 
acid, aud evaporating over oil of vitriol, crystallises in colomdess prisms, often of oon- 
sidoiable size It is soluble in water, especially when warm, nearly insoluble m 
alcohol even at the boiling heat. It decomposes completely when heated, emittmg, a 
pungent odour. (Cahours) 

Stannosostannlo nsethldo, or Stannotrtmetbjrl, 8n’”(CH^)''. — ^This radicle 
IS not known in the free state Its compounds, which may be regarded as stiinnio 
moleoules containing 3 at. methyl and 1 at. of a negative radicle, are produced by 
several reactions . — 

1 The iodide is formed, together with stannodimothyl-iodide (p. 832) and stannio 
iodide, by the action of tin on methyhe iodide at 130° — 160° 

6(0H»)I + Su“ - SnI* + 2Su(CH’)»I. 

2. The iodide is formed, together with methylio iodide, by the action of iodino on 
stannic methide at ordinary temperatures 

Sn(0H»)' + I« = COT + Sii(ClI«)>I. 

3. The oxido is formed, together with stannic oxide, by boiling stannic di-iododi- 
niethide with excess of potash 

8Sn(Cff)M’ -e 3K^O - Sn°(CH”)»0 + SiiO’ + 6KI. 

The iodide, Su(CH®)®I, is best prepared by heating tin with metliylic iodide to 
160° — 160° in sealed tubes, and separating the stannodimethyl-iodide formed at the 
same time, by repeated rectification. The portion which passes over between 180° and 
200°, if rectified till it no longer becomes tnrbid on cooling, and no longer deposits 
crystals of stannic iodide, yields pure stanuotrimetbylic iodide. (Cahours.) 

This iodide is a thin eolunrloss liquid, of specific granty 2 163 at 18°, and boiling at 
188° — 190°. Vapour-density (at 260°) ■= 10 325; calc. = 10 049. Ithas a piingoiit 
odoiu’ like that of mustard-oil, hut not so strong as that of the corresponding ethyl- 
compound. It remtiuis liquid at the temperature of a mixture of ice and salt, but 
bobdifles iiniiicdiiitely at that of a mixture of ether and solid wirbonie anhydride. 
(Cahours) 

•Oxide and Hi/drate. — Wlien the iodide is mixed with excess of potash ley, the 
hydrate remains dissolved, hut passes over on distilling the liquid, and coUeeta in the 
receiver, together with water, as an oil which solidifies to a crystalline mass , and by 
pressing this mass between paper, and again rectifying, it may be obtained in colourless 
U'vnspavent prisms. It volatilises without dceompiOBition, but, when heated for some 
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time to a temperature neai- its boiling-point, it is resolved into water and anhydrous 
stannotrimethyl-oxido. It is sparingly soluble in water, more soluble m alcohol ; the 
solutions are alkaline, and neutralise the strongest acids. 

Oxygen-salts, — These salts are nearly aU soluble, crystalliae easily, are isomor- 
phous with the corresponding stannotriethyl-salts, and volatiUse without decomposi- 
tion, emitting a pungent odoiu- 

Formate, Sn(CH*)“(GIIO’) —Somewhat concentrated formic acid, added to a satu- 
rated solution of the oxide, produces a precipitate which redissolves on heating the 
liquid, more easily on addition of alcohol. The solution, if left to evaporate, yields 
fine prismatic crystals, which melt at a gentle heat, and sublime without decomposi- 
tion at a higher temperature. They dissolve easily in alcohol and ether. — The aoeiate, 
Sn(GH®)’(C®HW), IB prepared like the formate, which it resembles in external’ 
characters. It volatibses without decomposition, dissolves easily in olcohol, less 
easily in water. —The sulphate, Stf(OH“)“(SO'‘)", crystallises in small, colourless, shining 
prisms, easily soluble in water and m alcohol. (Oahours.) 

Stannic IWethlde, or Stannotetramethyl, Sn(OH'‘)h Stamiodimethyl. Stan- 
nohinuthyl. — This compound is produced by the action of zinc-methyl on stannic di- 
lododimethide, or stannic lodotrimethide, thus : 

Sn(CH»)’P + Zn(GH»)2 = ZnP + Sn(CH»)h 
2Sn(CH»)»I + Zn(GH*)» = Znl“ + 23n(0ff)t 
Also, together with metallic tin, by the distillation of stannous methide . 2Sn(CH*)“ 
- Sn(Off)^ + Sn. 

It IS a liquid having an ethereal odour, and boiling at 140° — 146°. Iodine converts 
it into methylio iodide and stannic iodotrimethide. 

By the action of zme-othyl on stannic iodomethides, and of zinc-methyl on stunnio 
iodo-ethidee, stannic compounds are produced, containing both ethyl and methyl, viz. : 

2Sn(CH«)»I + Zn(0°H«)» = ZnP + 2Sn(C2H«)(0H'')». 

Sn(0'H»)'‘P + Zn(CH’)> = Znl» + Sn(C«H‘)2(CH’)*. 

2Sn(OW)»I + Zn(0ff)» = ZnP + 2Sn(0'H=)=(CH'>). 

Stannic Etliatrlmettaide, Sn(C’H‘')(OH'‘)*, is prepared by gradually adding 
stannic iodotrimethide to zino-ethyl in a vessel cooled by immersion in cold water, tlie 
zino-othyl being kept in excess On distilling the product, and mixing the distillate 
with water containing a little acetic acid, stannic othotrimethide separates as a heavy 
oil, which IS to be washed, dried with chloride of calcium, and rectified. It is a 
colourless liquid, of spooiflo giavity 1 243, and boiling between 123° and 128°. 
Yapoiu’-density, obs. (at 200°) = 6'716 , calc. = 6‘66 It has an ethereal, somewhat 
pungent odour. 'With iodine it forms ethylio iodide and stannic iodotrimothide 

Sn(C»H'>)(CH»)» -t P = C«H»I + Sn(CHS)=I. 

Stannic Dlethodimetlilde, Sn(C*H“)«(GH“)®, is obtained by gradually adding 
stannic di-iododiethido to an ethereal solution of zinc-methyl, keeping tlie latter m 
excess, and proceeding as in the preparation of the last-desonbod compound. 

It IS a clear colourless liquid, having a fumt ethereal odour, and metallic taste 
Specific gravity = 1'2S2 at 19°. It remains fluid at —13°, and boils between 144° 
and 146°. Vapour-density, obs (at 199°) = 6 838, calc. = 7 138 It is easily set on 
fire, and is decomposed by chlorine, brommo, and lodme, which take from it 1 at. methyl. 

Iodine dissolves in the hquid with carmme-red colour, which diBajjpears slowly in 
the cold, moro qmckly on appbeation of heat. On adding an excess of iodine, remoiing 
this oxcoss after a while by means of metallic merem-y, and distilling, methylio iodide 
passes over first , the boihng-point then qmckly rises to 207°, at which tomperaturo 
very little passes over ; and there remains a straw-coloured, somewhat ody , intolerably 
pungent liqmd, havmg a specifie gravity of 2 033 at 16°, and the composition of 
stannoBostanniciododiethido,Sn'"(0'II®)'‘I. It remains liqmd at — 13°, and begins to 
boil at 208° , but the temperature quickly rises, and at 230°, an abundant separation 
of iodide of tin takes places. The liquid is, perhaps, a mixtm-o of stannic di-iododi- 
ethido, Sn(O^H“)°I^ and stannous othido, SnfG-'H®)”. (Frankland ) 

Stannic diethodimethide, treated with aqueous hydroohlorio acid, mves off a mixtm'o 
of ethylio and methylio hydrides (more than four times as much of the former as of the 
latter), and is converted into a crystaUine salt, probably a mixture of stannic dichloio- 
diethido and stannio diohlorodimethide (Frankland ) 

Stannic Trletbomethlde, Sn(0“H')*(CH;"), la produced by the action of stannio 
iodotnethido on zinc-methyl, and separates, on treatmg the distillate with acidulated 
water, as a heavy oil, which may. be pmified as above. It is a colourless hquid, having 
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an ethereal odour, boiling at 1 62° — 163°, and is converted by iodine into methylic iodide 
and atannio lodotriethide. (Cahours ) 

y. AM-rn-ooMnouHns. Stannamyls. 

These compounds, investigated, under Iiondg’s direction, by A. Grimm (Ann Ch. 
Pharm xcii 383 ; Jahresb. 1864, p. 643), are produced by tho action of amylic iodide 
on an alloy of 1 pt sodium and 6 pts. tin, the process being conducted as in Lowig’s 
method of preparing the stamiothyla (p. 826) The distilled product contains the 
compounds Sn' (01I")“, [,Sn"(C“H'')'’]*, and Sn‘'(C“H")’, homologous mth the stann- 
ethyla, and, according to Grimm, also a compound containing Su’(C’H*’y. 

The stnimamyls are unctuous mosses, insoluble m water, easily soluble in ether, and 
more soluble in alcohol in proportion as they contain less tin They have not a very 
pungent odour, and do not fume in the air. They reduce sdver-solution, and are o*diaod 
ivith groat violouce hy nitric acid Bromine also acts violoutly on them; and iodine, 
m alcoholio solution, attacks thorn with evolution of heat. Their ethereal solutions 
oxidise when evaporated in contact with tiie oir. The oxides have an alkaline reaction, 
dissolve in acids, and are separated from the solution hy ammonia. Neither tho 
radicles nor their compounds can bo volatilised without decomposition According to 
Grimm, all the staunamyls above mentioned act as radicles, nuiting with oxygen, 
chlorine, iodine, &o. With respect to stannic amylide, Sn(C’H‘)<, however, this 
statement is very improbable, inasmuch as the corresponding ethyl- and methyl-eom- 
poimds react as saturated molecules, not as radicles. Altogether, tlie investigation of 
the staunamyls must ho regarded as imperfect, they have not, indeed, been separated, 
one from the other, with sufficient accuracy to give any value to the special description 
their properties, or of those of them compounds 

TlKOIilTE. Syn with Tyuomtii. 

SeeTiTAniu^Cp 844). 

XiTAXriFESOtrs rEOKT. Seo Titanatbb of Iron (p. 84G). 

XITAHITB. Syn with Sphene (p. 398). Hautefeuillo (Compt. rand. hx. 
698 , Jahresb. 1864, p. 216) has obtained crystals having the form oud composition of 
sphene, by fusing in a platinum crucible a mixture of 3 pts. silica and 4 pts ti .anio 
oxide covered with chloride of calcium If a small quantity of manganous chloride 
he added to the mixture, crystals of greenovite are obtained If-the mixtiii o, in the 
fused state, he exposed to an atmosphere of aqueous vapour and carbonic acid, or 
(better) of air saturated with aqueous vapour and hydrochloric acid, crystals of p ero ws- 
kito, Ca"Ti"0“, are obtained (See Titamates, p. 845.) 

TITAKTXtmi. Symbol, Ti ; Aiomte weight, 60. — ^A metallic element discovered, 
in 1789, by Gre^r, in the menacoanite (titaniferous ironsand) of Cornwall, and 
thence named, hy Air wan, Menackin Klaproth, m 1795, discovered a new metal 
in rutile, which he called Titanium, but on subsoquentmvestigation, m 1797, he found 
that this metal was identical with tho menaohm of Gregor. Tho name titanium has, 
however, been universally adopted. The preparation and properties of titanium and 
Its compounds have been studied chiefly by Berzelius, Wohler, and H .Rose. 

Titanium is one of the rarer metals, and is never found in the metallic state. The 
most important titanium minerals are rutile, brookite, and anataee, which consist of 
titanic oxide, TiO*, and the several variebos of titaniferous iron, consisting of ferrous 
titanato, sometimes alone, hut more generally mixed with feme or ferroso-ferno oxide 
Titanium hkewise occurs native, astitauate of calcium, in perowskite, as sihco-titanate 
of calcium in sphene ortitanite; and as titanate of cerium, yttrium, &o., together with 
tautalates and niobates, in aisehynite, enxenite, polymignite, polycraeo, and pyrocUore. 
Small quantities of titanium are found also in many iron-ores, and it has been detected 
by Maz ado (Compt. rend, xxxiv. 962) in the mineral water of Nogme (D6p d’Ar^cbe) 
in Prance 

When titaniferous iron-ores are smelted m the blast-furnace, small cubic crystals of 
a bright copper-colonr are found on tho slag which adheres to tho lower part of the 
furnace These crystals were long supposed to he metaUie titanium, but Wohler 
(Ann Cb Pbarm. bcxiii. 34) has shown that they also contain carbon and nitro- 
gen,— beiug, lu fact, a compound of cyanide of titanium with mtmdc of titauiura, 
TiCy“ 3N“Ti^ ' 

Pure titimmm is obtained by heating the double fluoride of potassium and titanium 
with potiiBsium in a covered crucible The metal is then set free, with vmd incandes- 
oeuce, and the fluoride of potassium may beremoved by washing with water Titanium 
thus obtained is a dark-green, heavy, amorphous powder, which docs not exhibit any 
shade of copper-colour, even after pressure, under the microscope it appears as a 
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cemented masa, having the colour and Instre of iron Metallic titciiiinm i.e also 
obtained by mixing tiUme oxide with one-sixth of its weight of charcoal, and exposing 
it to the strongest heat of an air-fnrnace. It was thus obtained, in the form of a 
copper-eoloxired or gold-coloured powder, hy Vauquelin, Lampadius, and others , but 
possibly the charcoal which they nscd may have contamed nitrogen, and that element 
may have united with the reduced metal. 

Pure titanmm (prepared fiiom the donblo fluoride) bums with great splendour 
when heated in the air, and, if sprinkled into a flame, is consinned, with briUiant soin- 
tillations, at a considerable distance above the point of the flame. When heated to 
redness in oxygon-giin, it burns with a splendour resembling a discharge of electricity. 
Ill chlorine-gas it exhibits similar phenomena, requiring also the aid of heat to set it 
on fire. Mixed with red lead and heated, it hurna with such violence that the muss is 
thrown out of the vessel with loud detonation Titanium does not decompose water 
at ordinary temperatui'es, but on heating the water to the boiling-point, hydrogen 
begins to escape Warm hydrochloric acid dissolves titimiiim, with brisk evolution of 
hydrogen. Ammonia added to the solution throws down a black oxide ; and oir 
heating the liquid, hydrogen is evolve^ , and the precipitate first turns blue, and is 
afterwards converted into white titanic acid 

Titanium, in its most important compounds, is totratomic, titanic oxide being TiO“, 
and the corresponding chloride, TiOP, analogous to the oxide and chloride of silicon ; 
it also forma a sesqnioxide, TiW, and a corresponding trichlonde, TiCP, 

TITAWIUWC, AIiXiOTS OT. These alloys have not been miicb examined. A 
compound of titanium and aluminium, Al’Ti, is obtained by exposing 10 pts titanic 
oxide, 30 pts. cryolite, and 30 pts. of a mixtare of equal weights of potassium- and 
Bodium-olilorides, for an hour, to the lieat of melting silver, and dissolving out tlio 
excess of aliiininiiim ' from the resulting regvdus with hydrochloric acid. It forms 
pinchbeck-brown, microscopic, quadratic laminae, which, when heated in hydroolilorio 
acid gas, are resolved into chlondo of aluminium and chlondo of titamum. (Wohler 
and Michel, Ann Oh. Pharm. oxui. 248 ; oxv 102 ; Jahresh, 1860, p. 129.) 

Eespecting the alloys of titanium and iron, sea InoN, iu. 370 

TITAWEtriW, BROmiBB Ol*. Only one bromide of titanium is knoivn, 
namolytlie tetrabromide, TlBr^ which is obtained bypassing bromine- vapour over 
an Ignited miitui;e of charcoal and titanic oxide. It then distils over as a red liquid, 
whicii solidifies in the receiver to a crystalline mass. When freed from excess of 
brominoby redistillation with merom-y, itforms an amber-yellow mass, having aheau- 
tiful crystalline structure and a density of 2 6, melting at 89°, and boiling at 230°. It 
quickly absorbs moisture, and in contact ivith water, is resolved into liydrobromio acid 
and titonic acid. 

XlTANtumt, chXiORIbBS or. Titamum forms two chlorides, TiCPand 
TiCP. 

The Trtohloride, or I'lfanoas C'/ilnrfds, discovered by Ebelmen (Ann Ch. 
Phya. [8^, xx 386), is produeed^by the action of hydrogen on the tetrachloride. To 
prepare it, pure and dry hydrogen-gas is passed into titanic chloride contained in a 
tubulated retort, by means of a delivery-tube dipping into the liquid. To the neck of 
the retort is adapt^ a tube of glass or porcelain (if of glass, it should ho wrapped in 
copper-foil), which passes horizontally through a fhrnaoe, projecting considerably 
beyond it, and terminating in A tubulated receiver to coUeotthe titanic chloride which 
passes undecomposed through the tube. As soon as the apparatus is completely filled 
with hydrogen, the tube is healed to redness, and the retort containing the titanic 
chloride is gently warmed._ Titanous chloride is then produced, and condenses in the 
part of the tube which projects beyond the furnace, the process being finished as soon 
as all the titanic chloride is driven out of the retort. The projecting part of the tube 
is then to he gently warmed, while hydrogen is continually paa.sod through it in order 
to drive all the nndocomposed titanic chloride into the receiver, and the titanous 
chloride is then left to cool in the current of hydrogen 

Titanous chloride forms dark-violet scales, having a strong lustre. When heated m 
a porcelain dish in contact with the air, it gives oflf vapours of titanic chloride, and 
leaves titanic oxide. It deliquesces in the air at ordinary temperatures, and is gradu- 
ally decomposed in the same manner. Titanous chloride dissolves in water, forming 
a violet-red solution, which gradually loses its colour, and deposits titanic acid From 
the aqueous solution, alkahs and alkalmo carbonates throw down dark-brown titanous 
hydrate , the same precipitate is formed hy sulphide of ammonium , sulphuric acid pro- 
duces uo reaction.. The solution of titanous chloride is an extremely powerful deoxi- 
dising agent, reducing the noble metals from tlieir solutions, converting cupric and 
ferric salts into cuprous and ferrous salts respectively, and separating sulphni' from 
sulphurous aeid uhon hoatod tliciouith. (Ebelmen.) 
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A violet-Md solution of titanous cliloi’ido is also prodnoed liy lioiling or digi’Stnig a 
Bolntion of tltanio acid in hydroeliloriQ acid -with finely-4mded bilver. (v Kobell ) 

Tetrachloride of Titanium, or Titanic Chloride — This compound is pro- 
duced by heating titanium, or nitride of titanium, in chlorine-gas. It is prepared lu 
the same maiiiiur as chloride of silicon — namely, by mmng finoly-dmded titanic oxido 
to 11 paste with od and charcoal, heatmg the mixtm’o in a covered crucible, and 
igniting the charred mass in a porcelain tube Uuougli which a current of cblorme is 
passed The titanic chloride is collected in a cooled receiver, freed from excess of 
chlorine hy agitation ivith copper or mercury, and then rectified. If native rutile has 
hoeii used in the preparation, feiric chloride is likewise producijd ; but the titanic 
ohlondu is easily separated from it by decantation and redistillation. 

Pm-c titanic chloride is a colourless, transparent, heavy liquid, having antacid pun- 
gent odour, and emitting white fumes on exposure to the air. It has a specific gravity 
of 1 7609 at 0°, does not solidify at —26°, and boils at 136°. Vaponr-donsity, obs 
= G 836 (Dumas) , calc. (2 vols.) = 6'663. When eiposedto the air, it absoibs mois- 
ture, and gradually solidifies to hydrated titanic chloride, which dissolves in a larger 
quantity of water According to M era (BiiU. Soc Chim. 1867, i 401) the product 
fluis formed is an oxycliloride, TiCl' 3TiO'‘ 16H®0 (nearly), which gives off part of its 
clilormo, as hydrochloric acid, -whon placed over qiucltlimo, more wlioii heated to 
100°, and noarlj- aU the remainder at 180°. On mixing the anhydrous chloride with 
water, combination takes place, attended with so groat a rise of temperature that the 
mass IS scattered about To obtain a clear aqueous solutiou of tbo chloride, it must 
he added to cold water hy small quantities, care being taken that the liquid docs not 
become heated _ On heatmg, and evaporating the aqueous solution, hydi'oehloiio acid 
IS evolved, and titanic acid is precipitated. Titanic chloride is not decomposed by 
potassium at its bQthug-|!Oint , but when its vapour is passed over heated potassium 
or sodium, the titanium is reduced, with ineaudescence, and avoltition of heat sufficient 
to melt tile glass at the point where the reaction takes place (H Eosa.) 

Titanic chloride forms a number of compounds, analogous to those of stannic 
chloride 

B. With Ammonia, TiCfiUNH’ = (N<H>=Ti'’)Ol* (Wohler), TiCDeiTH'' 
(Persoz) — ^Dry aramoma-gas, passed over titanic chloride, is rapidly absorbed, with 
great evolubou of heat The satoated compound is a brown-red powder (Eose), 
pale-yellow (Persoz), wliiqh qiuckly decomposes m contact with the air When 
heated in ammonia-gas, it is convortod into nitride of titiininm (p. 841) By ignition 
in hydrogen, it yields a yeUow compound. Whon heated by itself, m a glass tube, it 
first gives off ammonia, then clilonde of ammonium and hydrochloric acid, leaves a 
rosiduo of metallic titanium, and yields a yellowish-white sublimate, consiabng of a 
double chloride of ammonium and titanium, contaimng 3NffCl TiCP, or 6NH'‘01 
TiCl‘, accoi'dnig to the mode of preparation. This double salt is soluble in water 
(H.Eose) 

With Chloride of Cyanogen, fiTiCP CyW.— Already described xmder Ova- 
NOGBN (ii 280) 

y. With Hydrocyanic Acid, TiCl* HCy. (See ii. 220.) 

5. With Phosphoretted Hydrogen. — Titanic chloride absorhs dry phospho- 
retted bydrogen-gas, forming, when saturated, a brown solid body, which fumes in 
contact with the a#'. It is decomposed by water, hydrochloric acid, pobish, ammonia, 
and their carbonates, gmng off phosphoretted hydrogen with effervescence. Gaseous 
ammonia likewise expels the phosphoretted hydrogen at ordinary temperatm-os, con- 
verting tho brown compound, for the most part, into the iimmomo-tetrachloride above 
described The brown compound, when heated in a close vessel, gives off a little 
hydrochloric acid and phosphoretted hydrogen, and yields a yellow subhmate, cou- 
t.ainiug STiCP 2H“P 2HC1, which likewise gives off phosphoretted hydrogen when 
treated with water, acids, or allcalis, (H. Eose. Pogg Ann xlii 627.) 

E With Tetrachloride of Sulphur (Seep 636 of this volume.) 

C With Chloride of Ammonium (see above) 

H'rAnnuiW, CYAWIDHS or. See CvAnipts (ii 273). 

TlTAKflUia, DETECTION ABTD ESTimATIOST OF. 1. Blowpipe 
Itedotions . — The oxides of titanium are not reduced to tho metallic state when 
heated on charcoal before the blowpipe, a character by which btamum is distiiigiiishcd 
from tin 

Titanic oxide mixed with borax, or (better) with phosphorus-salt, forms iii the outer 
blowpipe-fiame a colourless glass ; but in tbo inner flame, a glass which is yellow wbilo 
hot, lint isssiimes a violet colour on coolimr l lio sumo chametor is exhiliitcd by 
those salts ot tit.mic acid whose bases do not themselves imp.iit any eolmiv to tho 
bead. If the titanic oxide contains irou, the colour of tho be, id is brown red or blood- 
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red, instead of violet Many titanates yield the violet colour only with phosphorus- 
salt, not with boras. The colour is produced more readily by heating the substance 
on charcoal than on platmum-wire. ’ According to Biloy (Chem. Soc, Q,u. J. xii. 13 ; 
Jahi'esh. 1859, p 678), the dchcaey of the reaction is much increased by melting a little 
metaUio zino in the phosphorus-salt bead, a distinct coloration being then produced, 
as the zinc is burnt away, even with very mmnte quantities of titamnm. 

2. Reactions zn Solntzon — ^Titanic acid and the neutral titanates are insoluble 
in water, but dissolve in acids, especially in hydrochloric and sulphuric acids. Rom 
these solutions the titanic acid is precipitated hy boilmg, imperfectly from the 
hydrochloric, completely from the sulphuric solution. — Caiistia alkalis and alkaline 
carbonates likewise* throw down from iliese solutions a white gelatinous precipitate 
of titanic acid,' In the hydrochloric solution, containmg as little free acid as possible, 
infusion of galls produces an orange-eoloiired precipitate —S'erroajamde of potassium 
forms, in the same solution, a dark-brown precipitate. — Metalhe tin, immersed in a 
solution of titanic acid in hydrochloric acid, eliminates hydrogen, assumes a violet- 
blue colour, and, if the solution is not too dilute, throws down a dark- violet preeiiiitate 
(protoxide of titanium ?), which gradually turns white by oxidation. The violet-blue 
solution, when diluted with water, assiimos a rose-colour, which often remains unal- 
tered for several days. This reaction serves for the deteetjon of very small quantities 
ot titanium, (v. Kohell ) 

T itanous oxide dissolves m acids, forming violet solutions, in which alkalis and 
alkaline oarhonates form a dark-brown precipitate of titanous hydrate, gi'adually 
changing, with evolution of hydrogen, into titanic acid — Carbonate of oaloium precipi- 
tates btanons oxide completely from its solutions. — Sulphgdiio aoid produces no 
alteration ; siUphiRo of ammonium throws down brown titanous hydrate. The solu- 
tion of titanous salts act as powerful reducing agents, precipitating gold, mercury, and 
silver from their solutions in the metaUio state Titanous chloride throws down 
white cuprous chloride from the solution of amprw salt, and reduces /tTria to ferrous 
salts. (Bbelmen). 

3. Estimation, and Separation. — Titanium is always estimated in the form of 
titamo oxide, TiO*. This compound is best precipitated from its solutions in acids by 
ammonia, which tjhrows it down in the form of a very bulky hydrate (titanic acid) 
resembling hydrate of alumina A great excess of ammonia must be avoided, as it 
would redissolvo a small portion of the titamo ociA The precipitate, after ignition, 
contains 60 per cent of titanium. 

If the titamo acid, after precipitation by ammonia, is to be rcdissolved in acids, 
■which is sometimes necessary in order to separata it from other metals, great oiap 
must be taken in the precipitation to avoid all rise of temperature , and the precipitate 
must bo washed 'with cold water, because heat has the effect of rendering titaoiio acid 
more or less insoluble in acids (p. 844). 

Titanic acid may also, in some oases, be separated fiiom its acid solutions hy boiling , 
from the solution in sulphuric acid, complete precipitation is effected by this method , 
but when hydroehlonc acid is the solvent, a small portion of titame acid always re- 
mains in solution after boiling. 

Titanic oxide (mtile, &c ) and its insoluble compounds are most easily rendered 
soluble by fusion with acid sulphate of potassium The best mode of proceeding is to 
fuse m a platinum-cruciblo a iji^ntity of the aoid sulphate equal to about six times 
the weight of the titanate, add the mmeral in extremely fine powder to this cooled 
mass, and fuse again tiU tho whole flows quietly, and the powder is completely dis- 
solved. Tho fused mass is then dissolved in a large quantity of cold water, and tho 
solution precipitated by boiling. 

Sesqui oxide of titanium is precipitated liom its solutions by ammonia, and the pre- 
cipitate, after standing from 24 to 36 hours, is converted, With evolution of hydrogen, 
into titanic acid, m which form it may he estimated. 

From the alkalis and alkaline earths, titanic acid may he separated by ammo- 
nia, the solution, in the latter case, being carefnUy excluded from, the air. Baryta 
and strontia may also be separated by sulphuric acid 

Titamo acid IS separated from magnesia by boiling, if the two are dissolved in 
sidphurio acid, and hy precipitation -with carbonate of barium, when hydroehlonc acid 
is the solvent. 

The separation fleom alumina, glncina,yttria, andthorina is also effected by 
boiling the sulphuric acid solutioii. 

From zireonia, titame ajidmaybe separated by mixing the nearly neutralised 
solution -with hiposalphite of sodium, and boiling tiU no more sulphurous anhydride 
IS given off. The titanic acid is then completely precipitated, while the ziroonia re- 
■mains in solution. 
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From cerium and the allied metals, titanium is sejarated by precipitating the 
former mth. sulphate of potassium 

From the metals which are precipitated as auljihides by sulphide of ammonium — 
mz , manganese, iron, cobalt, nickel, uranium, and zinc — titanium is sepa- 
rated by mixing the acid solution with tartaric aeid and excess of ammonia (which 
then forms no precipitate), and adding mlphde of amtnonium, which precipitates 
everything but the titanium. The filtered solution is then evaporated to diynoss, and 
the residue ignited lu a plntmivm-crucible to expel ammoniacal salts, and burn away 
the carbon of the tartaric acid. As this carbonaceous matter is very difficult to burn, 
the ignition should either bo performed in a muffie-fumaco, or a stream of oxj gen 
should be very gently directed mto the crucible The residue consists of titanic oxide, 
which may then be weighed 

The separation of titanium fiiom iron may also be effected by precipitation w ith 
hypomlphtte of sodimi, the process being conducted exactly in the same manner as in 
sep, mating aluminium fiom iron (i 15fl) — ^For Biley’s method of estimatmg titanium 
in pig-iron, see Inotr, OAnnuJU.T'rHD (lii 375). * 

ikom molybdenum, tungsten, and vanadium, titanium may be separated by 
means of sulphide of ammonium, which dissolves those metals os sulphides, andpre- 
cipitates the titanium as titanic acid 

From bismuth, cadmium, copper, lead, tin, &c., titanium is easily separated 
by sulphydrio acid. 

Titanium may also be separated from tin, by fusing a mixture of stannic and titanic 
oxides with sulphur and oarhonate of sodium. On treating the fused moss with water, 
the whole of the tin dissolves as sulphostannate of sodium, while the titanic acid remains 
imdissolved, together with a small quantity of sodie titanate, which may bo decom- 
posed by ignition with sal-ammoniao , the chloride of sodium thereby formed may be 
dissolved out by water, leaving pure titanic acid. 

From silicon — ^When silicates containing small quantitios of titanic acid are 
decomposed, in the usual w.iy, by treatment with acids, or by fusion with an alkaline 
carbonate, the sihea separated by evaporation, &o., and the alumina, forroiis oxide, 
and manganous oxido precipitated by ammonia, the greater part of the titanic acid 
wiU be found m this precipitate, while the smaller portion romaine with the silica. 
The latter is treated with hydrofluoric and sulphuric acids, and the residue, consisting 
of titanic oxide, iS mixed with the previously ignited precipitate of alumma, &c. This 
mixture is then fused with twice its weight of acid sulphate of potassium tiU the 
excess of sulphm'ic acid is for the most part volatilised, and the cooled mass is dis- 
solved in water , whereby, if tho operation has been well conducted, and the silica 
completely removed, a perfectly clear solution will be ohtamed. This solution is 
largely chlnted, and sulphydrio acid gas is passed through it, till the whole of tho 
ferric oxide is reduced to ferrous oxide , and the solubon, without previous filtration, 
IS boiled for half an hour, while a stream of carbonic anhydride is continually passed 
through it (to prevent oxidation of tho ferrous salt). The titanic acid is thereby 
completely precipitated; while all the other substances remain in solution. (Sehoerer, 
Ann. Oh. Pharm. oxii. 178 ) 

In treating titaniferous silica with hydrofluoric acid to expel the aiboon, the addi- 
tion of sulphuric acid is indispensable, as otherwise a portion of the titanium will also 
bo volatilised as fluoride. (Biloy, Chem. Soc. Qu. J. xv. 311 , Jahresb 1862, p. 690.) 

From tantalum and niobium, titanium is separated by fusing the mineral witii 
acid sulphate of potassium, and treating the fused mass with cold water, which 
dissolves only the acid sulphate of titanium (iv. 61 ; v 664) 


Volumetnc Estimation . — A method of es 


. _ „ ismum volumetrically ie founded 

jn the reducibility of titanic oxide to titanous oxide by zinc in an aeid solution, and 
the oxidabibty of the latter by permanganate of potassium The titanic acid is dis- 
solved m hydrochloric acid (if snlphunc acid la present, the btanio acid must first bo 
precipitated by ammonia and then redissolved), the solution warmed with metalho 
zinc (in a flask provided with a vortical tube, so as to exclude the air as much as pos- 
sible), till the colour of tho liquid no longer increases m depth , and the solution, after 
dilution with de-aerated water, is mixed with permanganate of potassium, till the rose- 
red colour of the latter becomes manifest Each atom of iron corresponding to tlic 
permanganate gives 1 at. titanium. (F. Pisani, Compt. rend. lix. 208 , Jahresb. 
1864, p. 706 ) 

A mixture of btanio oxide and zmeoma is first rendered soluble by fusion with acid 
sulphate of potassium ; the titanic acid is then determined as ahove, and the zu'oonia 
bymfference. 

Fomc oxide is reduced by zinc before titanic acid, and ferrous oxide is oxidised by 
the permanganate after it. To estimate iron and titanium together, the ponnanganate 
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IS added till tho Tiolet colour dasapppars, and a drop of the liquid begins tp be coloured, 
by fculphocyanate of potassium. The quantity of permanganate required for this pur- 
pose gives the titanic acid, and by further addition the^ iron may be determined. Or 
the ferric oxide may be reduced by sulphiu-ous or sulphydidcacid (neither of which acts 
upon titanic acid), and volumetxically determined hy itself In a mixture of titanic 
acid, rarcoma, aud feriio osnde, the first and third are determined as just described, 
and Uio zireonia hy difference (Pisaui.) 

4. Atomte Weight of Iitamttm.—R. Bose, in 1829 (Pogg. Ann. xv 146), de- 
tei-rained the atomic weight of this metal by decomposing a weighed quantity of titanic 
chloride, TiCl'.with water, precipitating die titanic acid with ammonia, and estimating 
tho amount of chlorine in the filtrate with nitrate of silver. In four experimonts, 
100 pta titanic chloride yielded, na a mean, 301 7 pts. silver-ehlonde, whence (for Ag 
=> 108, and G1 = 36 5) the atomic weight of titanium was found to be = 48 26. 

An essentially similar method was followed by Pierre in 1867 (Ann Ch Phys 
[3], XX 267), who, however, made use of a titrated silver-solution, instead of weighing 
the chloride of silver In five experiments, each made with from 700 to 800 milli- 
grammes of titanic chloride, he found that 100 pts. of that compound required to pre- 
cipitate the elilorine contained in them from 224'68 to 226’63 pts silver. Hence Ti 
fulls batwoon 49 50 and 60'38, and, as a mean result of the five experiments, Ti = 
50 10 The whole number, 60, is now generally adopted. 

TIXABrrvM, li'Z.TrORXsa os'. Tifanous FluoHie, TiP, is obtained 
(though impure) as a violet powder, by igmtiug potassio-titamo fluonde (iji/ra) in a 
stream of hydrogen-gas, and treating the resulting mass with hot water. (B. Web or, 
Pogg. Ann.oxx. 287, Jahresb 1863, p. 211 ) 

Titanic Fluoride, TiP*, is obtained by distilling a mixture of fluor-spar and tita- 
nic oxido with fuming sulphuric acid in a platinum apparatus , it then passes over as a 
faraing colourless liquid (Underdorben) By dissolving titanic acid m hydroflnonc 
acid, and evaporating, a syrupy liquid is obtained, which deposits crystals of titanic 
fluoride. These crystals arc resolved by water into soluble hyebotitame fluoride, and 
insoluble titanic oxyfluoride. 

Ejjdiotitumo Fluoride , =■ 2irPTiF'', is produced, as just stated, in tho 
decomposition of titanic fluoride by water ; also by dissolvmg titanic oxide in aqueous 
liydrofluoric acid (Berzelius) It is an .acid, and, when neutralised with bases, 
yields double salts of titanic fluoride, represented by the general formula, 2MF TiP^ 
Ammonio-Utamc Fluonde, 2NH‘P TiP'*, is produced by adding ammonia to aqueous 
liydrotitanio fluoride, till tho precipitated titanic acid no longer redissolves. On evii 
potating the liquid, it separates in shining scales, which, when heated in a platinum 
apparaUiB, yield, much below a red heat, a sublimate of ammomum-fluorido, leaving 
a residue probably consisting of NH'T.TiF'. (Berzelius ) 

Cedew-titanto Fkionde forms pnsmatie crystals, which dissolve without d eoomposition 
m acidulated water, hut are decomposed by pure water, with separation of a white 
powder — Cupro-titamo jhtoride, obtained by mixing the solutions of tho component 
fluoi'idcB, ciyetalliees m long, pale, hlue-green needles, soluble without decomposition 
in aci duliited water.— The /errw ioU, 2FeP.TiF‘, is produced bymixing the solutions of 
the component suits. Tho yellow solution leaves, on spontaneous evaporation, a yellow 

S , and when gently hooted, a pale-yellow crystalline mass, soluble in water without 
ipositiou. — The prepared in like manner, separates by spontaneous 

evaporation in long needles, which have a bitter taste, are decomposed by pure water, 
but dissolves without decomposition in acidulated water — ^Tlie lead-salt, prepared m 
like manner, forma small colourless crystals, which have a sweet and afterwords an 
iistinigeiit taste, and dissolve readily in water without decomposition (Berzelius) — 
The mckd-ealt, Ifil?'.TiF*.6lI-0, is produced hy dii-solviiig titanic acid aud iiickel-oxida 
111 hydrofluoric acid, and separates in green, easily soluble crystals. (W eber ) 

The poiassium-aaU, flKB.TiP*, prepared like the ummoniura-Balt, crystaUises in 
scales, which, when dry, are milk-white, and have a sdky lustre (Berzelius). — 
Wohler prepares it hy fusing very finely-pounded rutile m a platinum-crucible with 
twice its weight of jiotassic carbonate, and dissolving the fused and pulverised mass 
in a platinum-dish, in tho requisite quantity of dilute hydrofluoric acid The double 
fluoride then partly erystalliaea out, and on heating the liquid to the boiling-point, 
adding water if necessary till the salt is redissolved, and fllteiing hot, the greater part 
separates in shining scales, so that tho entire liquid solidifies to a pulp Tho salt is to 
be washed on a filter with cold water, pressed between filter-paper, and erystalliserl 
from boiling water It forms nacreous scales when dry, and melts inthout decomposi- 
tion at a wlute heat. 

The sodium-scdt forms indistinctly crystalline mists, more soluble than the potaa- 
snim-salt (Berzelius) 
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TirAWlUMC, TODIDH OF. Til* (B. Weber, Pogg. Ann. Ixx. 28r.— Haute- 
feuiUe, Bull. Soo. Chem 1867, i 201 )— Produced • 1. Bypassing lodine-yapour 
over Ignited titanium (Weber). — 2 By passing dry hydriodic acid gas into titanic 
cbloride gradually heated to its boiling-point, and maintained .at that tomporatiire till 
the transformation is complete the small quantity of free iodine which gives the pro- 
duct a nolet tinge may be removed by three or four distillations in a stream of 
hydrogen (HantefeuiUe).— 3 By passing the vaponr of titanic chloride, mixed 
with hydrogen and lodme-vapour, tlmough a tube heated to dull redness. The iodide, 
which is not very volatile, then condenses m the cold part of the tube, mixed, how- 
ever, with a large quantity of free iodine, which renders it more dii^nlt to purify 
than that obtained by the second method. (Hautefeuille ) 

Titanic iodide forms a brittle mass, having a reddish-brown colour and metallic 
lustre. It melts to a brown liquid at 160°, remains in a state of Surfusiou till cooled 
somewhat below 100°, and crystallises on farther cooling, in bullcy octahedrons, which 
change, m a few days, to tufts of sillcy prismatic ciystds. It has a sensible vapour- 
tension at ordinary temperatures, and fames strongly in the mr. It hods at a little 
above 360°, and distils without decomposition Vapour-dpnsily, ohs. (at 440°) = 
18 054 , calc. = 19'384. The lower density found by observation indicates an in- 
creased coefficient of expansion at high temperatures, perhaps arising from dissocia- 
tion The superheated vapour burns, m contact with the air, with a very bright flume, 
yielding lodio and titanic oxides. 

Titanio iodide dissolves rapidly m w^ter, but with less rise of temperature than 
the chloride. The aqueous solution, when exposed to the am, turns brown, and yields 
titanio acid. 

TITAKriTI'lVI, NITRIDES OF. By heating the ammonio-chloride of titanium, 
4NH®TiClS by itself (H. Eose), or better in a stream of ammonia-gas (Liebig), a 
onpper-coloured substance is obtained, which was originally supposed to be metallic 
titanium, hut which Woliler has shown to consist of nitride of titanium, Ti*N*, or 
more probably Ti®N* ■= 3TiN*.Ti*N® , it contains 28 per cent of nitrogen. Tins 
compound is redder than the cubic crystels of the hlast-fornaces, which have a tingeof 
yellow Another nitride of titanium, TiN*, is produced when titanic omde is strongly 
heated in a stream of ammoniacal gas Its powder is dark-violet, with a tinge of 
copper-colour; in small pieces it exhibits a violet copper-colour aud metallic lustee. A 
thud nitride, Ti*N®, or more probably 2TiN-*.Ti*N-, is formed when Eose’s titanium la 
subjected to the action of a stream of hydrogen at a strong red heat It has a brassy 
or almost golden-yellow colour and metallic lustre. It is also obUined (mixed, however, 
with carbon) when titanic oxide is heated to redness in n stream of cyanogen-gas or 
hydrocyanic acid vapour , no cyanide of titanium is formed in this reaction All those 
three nitrides of titanium sustain, without decomposition, a temperature at least equal 
to that of melting silver. Mixed in the state of powder with the oxides of copper, 
lead, or mercury, and heated, they emit a lively sparkling flame, and reduce the oxides 
to the metallic state. lUion fused with hydrate of potassium, they give off ammoma- 
gas CWohler, Ann. Ch. Pharm. Ixxiii 34, Jahresh. 1849, p 267.) 

■Wohler aud Deville (Ann Ch. Pharm. cm. 230, cv 108, Jahrosb. 1867, p. 
174), by heatmg fluoride of titanium and potassium or sodium m nn atmosphere of 
nitrogen, and boiling out tlie cooled muss with hydrochloric acid, obtained a nitride of 
titanium in the form of a dark-brown powder, composed of hrass-yeUow lamina and 
prisms. When titanic chloride is passed through a strongly-igmtod glass tube, in the 
fore part of which lumps of sal-animoninc are placed, so that this salt may bo volati- 
lised with the titanic chloride, hydrochloric acid and nitride of titanium are imme- 
diately formed (the nitrogen being donvnd from the air), the latter coating the inside 
of the tube with a copper-coloured deposit. Nitride of titanium^ is also formed by 
heating a mixture of fluoride of titanium and potassium, chloride of sodium, and 
chloride of potassium, with aluminium ; or by heating a mixture of titanic chlonde and 
hydrogeu-gas with aluminium, in presence of nitrogen. 

TlTAWItriH, NITROCVANIDE OF. TiCy® 3Ti"N® — This 18 the copper- 
coloured compound already spoken of as occurring m iron-smeltmg furnaces, aud 
formerly mistaken for metallic titanium. (Sea CvAMiDns, ii. 273.) 

TITANIUIMC, OXIDES ^F. Two oxides of titanium are known with cer- 
tainty, VIZ Ti*0», and TiO®, the existence of a lower oxide, TiO, is likewise pro- 
bable. 

Protoxide of Titanium, TIO ? — ^This oxide appears to be formed when titanic 
oxide is exposed, in a charcoal-lined crucible, to the highest heat of an air-furnace 
■Wnioro the oxide is in contact with the charcoal, a thin co,iting of metallic titanium 
IS formed, but within it is changed to a black m.iss, which is insohihlo in all acids, 



840 TITANIUM: FLUOEIDE. 

ia added tUl tlie Tiolet colour diaiippears, and a drop of the liquid begins tp be coloured, 
by sulphoeyanntc of potassium. The quantity of permanganate required for this pur- 
pose gives the titimio acid, and by further addition the^iron may be determined Or 
the feiTio oxide may bo reduced by sulphurous or sulphydneacid (neither of 'which acts 
upon titumo acid), and volunietrically determined by itself. In a mixture of Utauio 
acid, ziroonia, and ferric oxide, the flrst and third are determined as just desonhed, 
and tlio zlroonia by ditferenee, (Pisani.) 

4. Atomio Weight of htamum . — H Rose, in 1820 (Pogg. Ann. xv. 145), de- 
teiunued the atomic weight of tins metal by decomposing a weighed quantity of titanic 
ohlondo, TiCP, with water, precipitating the titanic acid -with ammonia, and estimating 
the amount of eWormo in the filtrate until nitrate of silver In four experiments, 
100 pts titanic eliloride yielded, as a mean, 301 7 pts silvcr-cblorido, whence (.for Ag 
= 103, and Cl = 36 5) the atomic weight of titanium was found to bo = 48 28. 

An essentially similar method was followed by Pierre in 1867 (Ann. Ch Phys. 
[3], XX 257), ulio, however, made use of a titrated bilvor-solution, instead of weighing 
tile chloride of silver In five experiments, each made with from 700 to 800 milh- 
grammes of titame chlondc, he found tliat 100 pts of that compound required to pre- 
cipit.ito the chlorine contained in them from 224-58 to 22d’S3 pts silver. Hence Ti 
fallb between 49'50 and 60-38, and, as a mean result of the five expermients, Ti = 
50-10 The whole number, 60, is now generally adopted. 

TITAWXUia, n.TroRIBS OF. Titanoua S'lnoride, TiP‘, is obtained 
(though impure) us a violet powder, by igniting potassio-titanio fluoride (vifra) in a, 
stream of hjdrogeu-gas, and treating the resulting muss with hot water. (R Weber, 
Pogg, Ann, oxx 28" , Jahvesb. 1863, p. 211 ) 

Titanic Fluoride, TiF*. is obtained by distilling a mixture of fluor-spar and tita- 
nie oxide with fuming snlphunc acid in a phvtimim apparatus , it then passes over as a 
fuming colourless liquid (Uuderdorben) By dissolving titanic aeid in hjdrnfluonc 
lieu], and evaporating, a syrupy liquid is obt.-imod, which deposits crystals of titanic 
fluoride. Those erysUla are resolved by water into soluble liydrotitanio fluoride, and 
insoluble titanic oxj fluoride 

Hydiotitaiua ii7«oiirfe, H-'TiF" = 2Hl'’TiFhia produced, us just stated, in the 
decomposition of titanic fluoride by wuter , also by cbssolmig titanic oxide in aqueous 
hydrofluoric acid (Berzelius). It is an acid, and, when noufrolised -with bases, 
Jidda double salts of titanic fluoride, leprosonted by the ganei-al formula, 2MF.TiF^ 

AinmoniJ-tiianic Fltionde, 2NH'F TiF-*, is produced by adding ammonia to aqueous 
liydrotitanio fluoride, till the precipitated titanic .icid no longer redissolves On eva- 
porating the liquid, it separates in sinning scales, wluoli, when heated in a platinum 
apparatus, yield, much below a red Jieat, a sublimate of aminoiiinm-fluoride, leaving 
a residue probably consisting of NH^F TiFh (Berzelius ) 

Caleio-tiiaiiio Fiuonde forms prismatie crystals, which dissolve without decomposition 
in ncidulated water, but nio decomposed bj- pure w.itor, with separation of a white 
powder — Ciipro-htatuo Jlnoride, obtamed hy imxmg the solutions of the component 
fluorides, ctystalhses m long, pain, hhie-gi-con needles, soluble without decomposition 
in acidulated water.— The /erric lalt. 2FeF-‘ TiF*. la produced by mixing the solutions of 
the component salts. The yellow solution leaves, on spontaneous evaporation, a yellow 
sjTup, and when gently heated, a pald-ycllowciystalliiie mass, soluble in water •without 
decomposition. — The magneamm-salt, prepaied in like manner, separates by spontaneous 
evaporation in long needles, which liave a bitter taste, are decomposed by pure water, 
but dissolves without decomposition m acidulated water — ^Tlio lead-salt, prepared in 
like manner, forms small colourless crystals, which have a sweet and afterwards an 
astringent taste, and dissolve leadily m water without decomposition (Berzelius) — 
The iiialel-sult, HiF-^.TiF' 6II=0, is produced by dissolving titanic acid .ind mokel-oxido 
ill liydinfluovio ucid, and sop-oiates in green, easily soluble ci-ystala. (W ebei.) 

The fiitiissium-salt, 2KF.TiF*, prepared like the aramoniura-salt, crystallises in 

scales, which, when dry, aio milk-white, and have a silky lustre (Borzelius) 

■Wohlor prepares it by fusing very finely-pounded rutile in a platinum-crucible with 
twice its u-eight of pot.issic carbonate, and dissolving the fused and pulverised mass 
lu a platiiium-disli, m tho requisite quantity of dilute hydrofluoric acid. Tho doubls 
fluoride then partly crystallises out, and on heating the hquid to tho boiling-point, 
adding watei if necessary till the salt is redissolved, and filtering hot, the greater part 
soparales m shiuing scales, so that tho enlii-o liquid solidifies to a pulp The salt is to 
he washed ou a tUtor with cold -water, pressed between filter-paper, dud ci-ystalhaed 
from boiling water It forms naereoas scales when dry, and melts without decomposi- 
tion at a white boat. 

The sodmm-sidt forms indistinctly crystalline crusts, more soluble than the potus- 
Binm-9iilt. (Berzelius.) 
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TITAWItnW, lOniDH or. Til* (E. Weber, Pogg. Ann Ixx. 28/.— Hj 
euiUo, Bull Soc. Chem. 1867, i 201 )— Produced . 1. Bypassing lodine-v 
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is not otherwise affectod by them, and as oxidised with difficulty when heated in 
contact with the nir, or fused -with nitre The same oxide appears to be formed, in the 
wet way, as a dark -purple powder, when a fragment of zinc orjron is introduced into a 
solution of titanic acid in hydrochloric acid , but it alters very quickly by absorption 
of oxygen, so that there is considerable difficulty in studying its pioperties; the com- 
position assigned to it is therefore hypothetical. The blue powder is, perhaps, a com- 
pound of tit.imum-protoxido with oxide of zinc or iron. 

Sesquioxlde of Titanium, or Titanous Oxide, Ti^'O’ — This oxide is obtained, 
by passing dry hj’ih'ogen-gas over ignited titanic oxide, as a black powder, which, 
u hen heated m the air to a very high temperature, oxidises to titanic oxide. It is not 
attacked by nitric or hydrochloric acid , sulphuric acid dissolves it, forming a violet 
solution (ibolmon). — hydrate of titanous oxide, or titanous hydrate, is formed 
(according to Tiichs) hy digesting a solution of titanic acid in hydrochloric acid at 
•tO'^ or 50° with metallic copper, and pouring the resulting violet-hluo solution into 
aqueous ammonia • it then falls down as a dark-brown precipitate, while cuprous 
chlonde remains in solution Instead of cnppei, silver reduced by zinc may bo used 
in the preparation (v Kobell) The hydrate is likewise formed (according to 
E b 0 1 m e n) when a solution of titanous chloride is precipitated by alknbs. The dark- 
brown precipitate thereby formed gradually turns black, blue, and finally white, while 
hjdiogen is evolved. The blue colour is, perhaps, due to the formation of a titanous 
titauate. 

Titanous oxide disBolvos in acids, forming violet solutions , but the sulphate is the 
only titanous oxysult that has been obtained in the solid state (see Soiphates, p 
GIG) Titanous chloride has been already described. The solutions of titanous salts 
are powerful reducing agents, and yield a brown precipitate of titanous hydrate with 
alkalis (p. 838). 

Dioxide of Titanium, Titanlo Oxide or Anhydride, TiO“ Anhydrous Ti- 
tanio acid — This oxide occurs nntii;a in throe different forms viz., as rutile and 
anatase, which are dimetric, and as brookite, which is trimetno Eutile, which is 
the most common form of titanic oxide, occurs m acuminated dimetric prisms, isoinor- 
plious with tinstone, and exhibiting the combination P . evP . Pco osPco [fiy. 322, 
11 1 GO), also without Poo. For P, the length of the principal axis is 0 G442 Angle 
P'P = 123® 8’ in the terminal, and 84° 40' in the lateral edges. Twin crystals occm-, 
formed in the same manner us those of stannic oxide (p 816). The crystals cleave 
distinctly parallel to ooP and ooPoo , Hardness = 6 to 6 5 Specific gravity = 
1'18 to 4 26 Lustre, metallic adamantine Colour reddish-brown, passing into red , 
somedmes yellowish, also black Streak pale-brown. Subtransparout to opaque. 
Fracture siibconchoilnl, uneven. Brittle. 

Rntilo oeeuis in granite, gneiss, mica-slate, and syenitio rocks ; sometimes in gianu- 
l.ir limestone ; generally in imbedded crystals. It is found in Brazil, at Arendal in 
Norway, on the Saualp in Carinthia, in the TJrals, in tlio T^ol, on the St Got- 
liurd, at Yi'ieix in Franco, at Krumhennersdorffnear Freiberg, in Castile, at Ohlapian 
in Transylvania, at Cairngorm in Scotland, at Craig Cailleaeh near KiUin, and in 
Benzloo in the isle of Murray, Shetland , also at muneious localities in North America 
It always contains &om to per cent feme oxide, and sometimes stannic and 
tungstic oxides. A variety from Karmgsbricka, in Sweden, contains a small percen- 
tage of cliromnim, and is the iitune ocydi cJiromifire of Hauy. 

Anatase, the purest foini of native titanic oxide, is also dimetric, but its form is 
incompatible with that of rutile, from whidi it also differs m its mode of cleavage, 
spocifte gravity, hnrdness, and other physical cluiractcis. It usually occurs in very 
acute unmodified octahedrons, having the princip.il axis = 1 7723 • and the angle 
P P in the terminal edges — 97° 55', m the lateral edges .= 136° 30' ; sometimes 
also in a combination like fig. 222 (ii 236). Bespectiug its physical oharactera, and 
the localities of its occurrence, see i 289 

Brookite, or Arkansitc, which consists of titanic oxide mixed with about 3 to 
44 per cent lerrie oxide, is trimetne, having the axes = 0 5041 1 ■ OAGll. Anglo 
P" P(bnicb.) = 135° 37', P P (m.icr) = 101° 3', P P (basal) = 96°^ 22', 
coP otP 2 = 99° 60'. The crystals frequently exhibit the combination osPvo 
crP2 . P, like fy 273 (ii. 148), together with other pyramids and horizontal prisms, 
‘ the predominant faces oofeo ; often also of pyramidal 
'I i I P, «>P2 equally developed, like fig 272 without f co . 

I ■ • I Anil. p. 267). For the physical (iaracters and th 0 loca- 

lities of brookite, see 1 080. 

'Preparation —Pure titanic oxide may be prepared from rutile, or from the several 
varieties of titanifcroiis iron ; in the latter case a considerable portion of the iron 
may bo removed by repeatedly boiling the pulverised mineral with hydrochlono acid. 
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H. Hose fuses the very fiuely-davided mineral mth 3 pts. potassic carbonate, and treats 
the fused potassio titanate thus obtained with cold water. The excess of alkab is 
thereby removed, together with silicate, mapganate, and stannate of potassium , whilst 
acid titanate of potassium remains undissolyed, together with feme oxide, and 
perhaps a small quantity of stannic oxide This residue is washed on a filter with 
cold water, tiU the wash-water begins to run through milky, and then dissolved in 
concentrated hydrochloric acid To obtain pure titanic acid from tbis solution, Ber- 
thier dilutes it with a considerable quantity of water, passds sulphydric acid gas 
through it to precipitate any tm tliat may be present, and adds ammonia to the filtered 
bquid as long as any precipitate is thereby produced This precipitate contams 
titanic acid contaminated with sulphide of iron, and perhaps, also, with sutohide of 
manganese. The liquid (which should smell strongly of ammonium-sulphide) is to 
be well shaken, and then left to ebinfy by subsidence; afterwards decanted, and 
the precipitate treated with concentrated aqueous snlphurons acid, which com- 
pletely dissolves the sulphides of u-on and manganese, but leaves the titanic acid 
imdissolved ; the later may then be collected on a filter, and washed. The solution 
in hydroohlono acid may also he boded with sulphite of ammonium as long as the 
resulting precipitate contmnes to inciease, this precipitate then eousists of purs 
titanic acid, the whole of the iron remaining in solution as ferrous salt. The precipi- 
tate must be washed on a filter, ont of contact with the air, to prevent the formation 
and precipitation of feme oxide, and then ignited. (Berthier.) 

Wohler melts finely-pulverised rutile, in a platimun-orucihle standing in an earthen 
crucible, with twice its weight of potassio carbonate, and dissolves the pulverised mass 
in dilute hydrofluoric acid, whereupon potassio-titanic fluoride separates m crystals 
To dissolve this compound, the mass is heated to the boiliug-point, with addition of 
water, if necessary, and the bquid is filtered as hot as possible. If excess of hydro- 
fluoric acid he avoided, the solution may he effected in a glass vessel. The potassio- 
titanio fluoride, which separates in shining crystnlbne scales on cooling, is washed on 
a flltor with cold water, and pnnfled by reorystaUisation from boibng water , its hot 
.iqiieoua solution is mixed with ammonia, which throws down titanate of ammonium , 
and the salt, when ignited, gives off ammonia, and is converted, with incandescence, 
into pure titanic oxide This process is also well adapted for preparing titanic oxide 
from titaniferons iron The mass obtained by fusing this mineral with carbonate of 
potassium, is dissolved in dilute hydrofluoric acid, which loaves behind the greater 
part of the iron, in the form of feme oxide. After the greater part of the potassio- 
titanio fluoride has crystallised out, and been purified as above, the ferruginous 
mother-liquors are treated with chlorine-water, or an alkaline hypochloiite, to bring 
the iron to its highest stage of oxidation, and then treated in die cold with dilute 
ammonia, which precipitates all the feme oxide, with only a small portion of titanic 
acid, This precipitate is quickly separated by filtration, and the liquid, whon boiled, 
deposits titanato of ammonium, wbicn may be converted, by ignition, into titanic oxide. 
(Wohler, Ann Oh. Pharm Ixxiv. 212 ) 

Merz (J. pr Chem. xeix. 167 , Bull. Soc. Chim. [1867], ii 400) modifies Wohler’s 
process, by fusing rutile with four times its weight of potassio carbonate, digesting 
the fused mass in water, dissolving the residual acid titanato of potassium by the pro- 
longed action of strong hydrochloric acid, and boding tlie resulting solution in a 
leaden dish with fluoride of potassium The liquid, on cooling, solidifies to a crystal- 
Ime pulp of potassio-titanic fluoride, 2KT'.TiI'', which may be pmifled by washing 
it with a httle cold water, and precipitating traces of iron with a drop of ammonium- 
sulphide. It is then to bo redissolved in boiling water, and the titanic acid precipi- 
tated by ammonia. Another method is to melt 1 pt of rutile with 6 pts acid sulphate 
of potassium, digest the fused mass in water, neutralise the liquid with soda, and heat 
it to the boiling-point, passing a stream of sulphydric acid gas through it, at thcsame 
time, to bnng tho iron to the state of ferrous salt Titanic acid is then precipitated 
free from iron. (Merz) 

A very pure product is bkowiso obtained by decomposing titanic chloride (pre- 
pared by Igniting a mixture of rutile and eh^coal in ddorme-gas) with water or 
amraouia * 

Anhydrous titanic oxide, obtained by ignition of the precipitated hydrate, forms 
reddish-brown lumps, which resemble rutile more nearly in Insfre and colour, in pro- 
portion as they have been more strongly heated. It may be obtained in the crystal- 
line form by passing the vapour of titamc chloride, mixed with steam, through a 
rod-hot tube According to Ebelmen (Compt rend, xxxii 380), it is obtained, in 
long needle-shaped crystals, by exposing the amorphous oxide, mixed with micro- 
cosmic salt, to a tomporaturo somewhat below that of a porcelain furnace. According 
to Deville and Caron (i6ui xlvi 704), titeuic oxide crystallised in the form 
of rutile, may be obtained by deeomposmg a fusible titanate, especially staimons 
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titanate, with siliea ata high tcmperatiird DovillafindB also(Compt I'cud lii. 1S64), 
that the .uiioi'phoa& oxide ia conTertpd into quadratic crystals (like ratile or anatase) 
liy Ignition in hydioehlonc acid gas ; the ciystals are coloured lilue, in consequence of 
the lormation of a small quantity of alower oxide. Hnutefouille (Compt. rend. 
Ivii 148, lx, 188, Jaiiresi). 1863, p, 212; 1864, p. 213) has also obtained crystal- 
lised titanic oxide by two methods ; a. By decomposing titanic chloride or fluoride 
with aniieoua vapour. — 13. By crystallising amorphous titanic oxide in .in atmosphere 
hydroetiloTic or hjdiofluoric acid The second method is, however, only a niodiflca- 
tion of the first, inasmuch as titanic chloride or fluoride is first formed, and suhao- 
qiioiitly decomposed Under the influence of hydrochloric acid, the formation of 
crystallised titanic oxide takes place only at very high temperatures, and the orjstals 
produced have always the form of rutile under the influence of hydrofluoric acid, on 
tlio contrary, amitase is formed at the lowest red heat, brookite at a somewhat higher 
temperature, and rutile at very high temperatures. 

Anhydrous titanic oxide melts only at the heat of tiio oxyhydfogen-blowpipe It is 
completely insoluble in water, and in all acids excepting stiong sulphuric acid, ‘When 
heated in the pulverised state with this acid till the excess is driven oil) the residue 
dissolves ia water after cooling By fusing tho anhydrous oxide with six times its 
weight of acid potassic sulphate, a dear yellow mass is obtained, which dissolves per- 
fectly in warm w.iter, forming a dear solution. 

Potasmim and sodium roiliico titanic oxide at a red he.it, forming oxide of potassuiin 
or sodium, and a black luiiBS, winch does not acquire metallic lustre, and appeals to be 
a mixtma of metallio titomiimwitli titanic oi titaiious oxide. — Charcoal, at white heat, 
reduces titanic oxide to the metallic state — Carbumc dimlphulc, at a stiong red hont, 
converts titanic oxide info sulpliido of titannini, witli siiiiultarieous lomiiitioii of 
carbonic oxide and carbonic dioxide (II Eoso) — When dry ck!o> me-yai is passed 
over an ignited mixture of tit.mie oxide and charcoal, titanic cliloride is produced 
(p 837). Tho oxide, fused inth allahue ourhonates, yields titaiiates of alkali-motol — 
Ammoma-gas, at a bright red heat, reduces titanic oiade to violot nitride of titanium, 
TiN-' (Eisner) 

Titanio HyiiBATEB or Acids. — T here appe.or to be two modifications of titanic 
Held, analogous in some respects to stannic .mid motastannio acid.— o. One of these, 
c.illed titanic acid, is precipitated by ammonia from the solution of titanic chloride 
It is a white ponder, of speeiHc ginvity 3 8 to 3 03 according as it has been exposed to 
a higher or lower tomperotiirc When heated, it assumes a transient yellow colour, 
beeuming white ag.iiii on cooling. Its conveision into titanic oxide, at a higher teiupo- 
lutviro, IS attended witli vivid iiicandeBCeuce. 

Titanic hyilratc dissolves easily in sulphuric, nitric, and hydrochloric acids, even 
when these acids are rather dilute , but those dilute solufious, when boiled, deposit 
nietii titanic hydrate as a soft wliito ponder, which, hko anhydrous titanic oxide, 
IB quite inaoluhle in all acids, excepting strong sulphuric acid. It also resembles tho 
iiiihydi'ouB oxide 111 not exhibiting incandescence when heated. Tit.inio hydrate, pre- 
eipit.ited by nniinoma, is also converted into insoluble metatitamc hydrate by wash- 
ing with hot water, or drying at a high temperature. — ^According to E W eber (Fogg 
Aim oxx. 287 ; Jahresb. 1863, p. 210), a recently prepared aqueous solution of titanic 
cliloride isnot clouded by snlpbiiric, nitric, orhydrochloricaeid, but phosphoric, iirseme, 
and hjdnodie acids give prceipit.ites with it immediiitely, and acid potassic chromate 
.dt or some tune If, however, the same solution bo heated to the hoihng-point for only 
a few boconds, it iiiimediatoly yields, with hydrochloric, nitric, siilphuiic, hydrofluoric, 
and even org.uiic acids, a white precipitate of metutitanic hydrate, and with dichromato 
of potassium an immediate orange-yellow precipitate The precipitated metatitamc 
hydr.jte dissolves emnpletely lu a large quantity of waior, after the supernatant acid 
li.is b'eeii poured off, and is repreeipitotrf from tho solution by acids, Metatitamc 
acid is also produced by oxidising metallio titanium with nitric acid of specific gravity 

Titanic hydrate dnod over oil of vitnol, has, according to H.Eose, the composition, 
H'TiO'*, or H*O.TiO“, but always contains a little imimonia ji'Iiich cannot be removed 
by wusliiiig. AccordiiigloMerz (foe cii.), titanic hydrate, alter drying in the air for 
twenty-four hours, contains H-'TiO® 2H-0 ; after dry mg for sevor.d w eeks, H-TiOMl'O 
wiien (hied over oil of vitriol, it quickly loses 1 at w.iter, and after being left for 
some time over oil of vitriol, or dried at 60°, it contains 3H*TiO“.TiO^ and finally, 
after drying at 100°, ffTiO’ TiO“ 

Metatitmiio arid, deposited from its solution ui sulphuric acid on boiling, contains, 
after prolonged drying in the air, dr for twenty-four hours over oil of vitriol, H-TiO“ , at 
60°, It contains ffTiO’ TiO^ , at 100°, H-TiO» 2TiO° , at 120°, ffTiO® 3TiO‘ ; at 160°, 
U'TiO* 4TifV In short, mctatitiinie acid gives up its w.i,ter more easily than titanic 
acid. (Morz.) 
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Wlieii a. aolution of tifamc liydrate in hydrocUloric acid is siiTijected to dialysis, 
insohiblo gelatinous titanic hydrate remains in the dialyser (Graham, Gheni Hoe. J 
XV 256). A solution of gelatinous titanic hydrate in hydrochloric acid, prepared in 
the cold, and containing only 1 per cent. TiO®, when left in the dinlyser for some days, 
yields liquid titanic acid, which, when subjected to the action of alcohol and other 
liquids, form compounds analogous to those produced in Mice manner with sihcie acid. 
(Gr.iham, ibii. xvii 326 ; .lahresh. 1861, 'p. 178.) 

Titanic Salts. — Titanic hydrate acts as a weak base, and likawiae us an acid, 
forming salts both with acids and with alkalis. The salts in which it plnys the part 
of b.ise are very unstable. The oxalate, phosphate, and sulphate have been partially 
studied by II. Bose (iv. 286, 684, v. 606) ; tiie sulphate, phosphate, and nitrate also 
by Merz {loc cii). 

A itrate. — Titanic hydrate dissolves in concentrated nitric acid, and the solution, 
evaporated over quicklime, first becomes covered with an iridescent film, and then 
yields a mass of sliming lammse, contaming 6TiO’ 6H-0, or OffTiO’ 2H1I0».— 
Tins s.ilt dissolves, though impeifectly, in cold water, the clear solution, heated to 
100 °, deposits titanic oxide. (Merz ) 

Phosphate — ^Phosphate of ammonium, added to a solution of titanic hydrate in hy- 
drucMoric acid, throws down nearly all the Utaunim in the form of a white gelatinous 
precipitate, winch, when washed and dried, forms a porcehiin-lilce mass, containing 
2Ti0-.P'0" Merz is of opinion that the original precipitate contains TiO’P-’O*, but 
that the pliospliono acid is partly removed by washing. (Merz ) 

Hiilphate — The solution of titanic hydi'ate m sulphuric acid deposits the hydrate on 
dilution with water Titanic hydrato, moistened witli very strong sulphuric acid, 
bi'i'omos hot, and dissolves completely at tlio boiling heat Thq solution gelatinises on 
couluig , but if part of the sulphunc acid is evaporated, there remains a white powdev, 
wliicli, wlien dried on a porous tile and then heated to 180°, contains TiO- SO* or 
Ti'’(SO*)*.TiO‘ This salt gives up all its sulphuric acid at ared heat, or when treated, 
inth water Hydrochloric acid dissolves it slowly in the cold, more easily when 
boated (Merz) 

Titanates.— These salts have not been much studied. Most of them may be 
repie'.onted by the formulse M'TiO* = 2M*OTiO* and M-=TiO» - M°O.TiO*, 
aualogous to the ortho- and meta-sihcates. The titanates of calcium and iron 
occur ns natural miueials The titanates of the alkali-metals are formed by fusing 
tiiauio oxide with alkaline hydrates, carbonates, or ncid sidplmtes — some of them 
also m the wet way When finely pulveiised and levigated, they dissolve in modo- 
latoly warm, concentrated hydrochloric acid; hut the greater part of the dissolved 
titanic acid is precipitated on boiling the solution with dilute acids. The neutral 
tit.iiiates of the alkah-motals, M*TiO’, are insoluble in water, hut soluble in acids. 
The titanates of the earth-metals and heal^ metals are insoluble, and may be obtained 
iiy precipitation HautefeuiUe has prepared several of them m crystals, Gie form and 
physical characters of which are, in some cases, identical with those of native titanates 

Titanate of Oaletum, OaTiO*. — ^This compound occurs native as Paowshte, m 
small cubes and other monometnc forms, with cubic cleavago tolerably perfect. Hard- 
ness = 56 Specific gravity = 4 017 Lustra metallic adamantine, loss bright on 
the cleavage-faces. Colour greyish to iron-black. Streak uncoloured to greyish. 
Opaque to subtranslucont. 

Analyses- — a Prom Achmatowsk, near Slatoust, in the Ural' black (Jacobson, 
Pugg Ann. Ixii 696) — h. From the same brown (Brooks, thd,). — c From the 
Picdelen Glacier, near Zermatt (Damour, Ann. Min, [4],vi. 313) — d. From Vogts- 
burg on the Kaiserstuhl (Seneca, Ann. Gh Phaim. civ. 371). 

Titanic oxide 58 96 69-00 69 23 69-12 

Lime . . .39 20 36-76 39 92 36 81 

Magnesia ... 011 

Ferrous oxide . 2-0 6 4 7 9 y4 _6-ll 

100 22 100 66 I6(r29 fofoi 

Sphene (or titanite)is a siheo-titannte of calcium, CaSiO*. CaTiO" (p, 398) Ke- 
specting the artificial crj-etallisation of this compound and of calcic titanate, sea 
TiTiNiTii (p. 836) The artificial crystals of calcic titanate are said by HautefeuiUe 
to bo dimetrie, whereas those of natural perowskite arc monometnc 

Titanates of Iron — a, Firrio titanateia prepared by igniting finely-pulverised 
titaniferous iron (p, 846) with several tunes its weight of calcium-chlonde, treating the 
fused in.iss mtli water to remove calcium-chloride and ferric chloride, and the residue 
with coiiceiiti-Kted hyctroclilonc acid, which dissolves tit-inate of c.ilcmm. Feme (ita- 
uato then roiiiains in long, thin, op.iqne ncodlcs, having a d.ivlc steel-grey coloui and 



tatlie, Wasliingtmite, Moh^Ue — consists, sometimes of nearly pure ferrous 
titaniite, sometimes of magnosio-ferrous titiinate, sometimes of isomorphous mix- 
tures of ferrous titanato Viath ferric oxide and ferroso-ferric oxide. It occurs in lie- 
miliedral, rliombohodral crystals (tetartohedraltotholie.xagonaltype), isomorphous with 
iion-glaiioe, haviiig the pnncipal axis = 1 3767, the angle B . B in the termmal edges = 
8e° 43’, and cleaving imperfectly parallel to B and oB ; where the cleavage appears to 
bo perfect, it is probable that combination-faces of different individuals exist (Kopp’s 
Krystaltographic, p 211), The crystals are more or loss tabidar, often forming twins, 
united by the face B or oE , also implanted or imbedded, and united into groups, with 
scaly or granular structure The mineral liliOiviso occurs compact, in massive or in 
loose giuins, and m tliq form of sand (titaniferous sund, titamferous itonsand). Hard- 
ness » 6'0 to 0 0. Speoiflo gravity — 4 0 to 8 0. Lustre snbmotallio. Colour iron- 
blnolt to steol-gi’cy. Streak black to brownish-red Opagne Bracture conohoidal 
flligbtly iiiiignotic. Beloro the blowpipe it is infusible, or becomes rounded in the 
lediictiou-flamo at the edges only ftho vuiiety from Uddewalla, in Sweden, is fusible, 
arcording to Blantamoui). With fluxes it gives tlie reactions of non , the microcosime 
salt bead becomes red or brown-red in the inner flame, and violet when treated with 
tm upon charcoal , many varieties give the manganese leachon with soda and nitre 
The flnely-pulverisod mineral dissolves with more oxlessfncihty in hydrochloric acid, 
leaving a residue of titanic acid. The solution is generally yellow, containing both 
fcrrio and terrous oxides. When heated with strong sulphuric acid, it acquires a daik- 
bluo coloiu;, which however disappears on addition of water, btanic acid then roraaui- 
iiig undissolved. 

Analyses . — A. Containing little or no Ferric Oxide — a From St, Christopha, near 
Iiourgd'Qi8ana,inDaiiphiae . Cnclitomte\ specific gravity=4’727 (Manguae, Ann Ch. 
Fhys, [3], xiv 50) — 4. Ingclsberg. near Hofgasteiiu m the Pin^au' Axoionmts Iron- 
ore , Kihdelopham . ^stiiUised, non-magnetie, or yery slightly magnetic ; o, Specific 
graiity » 4 661 (v. Eobell, Schw J. Ixiv. 59, 245), & Specific gravity = 4 689 
(.Eammolsborg, Afincrfl/cfiCOTtc, p 408) — o. Bio Chico, province of Antioquia, New 
Gi.imula: grains from the auriforpiis and pUtiuiforoiis sand (Dainour, Ann. Min. 
[3], Ji. 445) — d. Layton’s Farm in the State of NswYork" crystallised, yielding a 
brown -black powder, non-magnotic ; specific gravity =1'293 — 4-3l3(Eammelsb6rg); 



a p 

Titanic oxide . . . 62-27 69-00 63 08 67-09 67-71 

I'orric oxide . . 1-20 4-26 2-66 

Feirous oxide . . . 46-63 36-00 88 30 4212 26-82 

M.iiiganous oxide . ... 1-66 4 30 0 80 0 90 

Mugnesia . . . ^ 1-66 . 13-71 

100 00 100 90 99-94 100 01 99-14 


If ttiu small quantity of ferric oxide in a and 4, /3 be deducted, and the magnesia and 
mangiinniis oxido converted into their equivalents in ferrous oxide, the composition of 
those minerals may bo Hourly represented by the formiihi FeO.TiO^ or Fe"TiO®, which 
requires 53 72 TiO- and 46 28 FoO — c is also nearly the same, but may bo more closely 
represented by the formula 8FeO 9TiO^— d ismagncsio-fonous titauato, | TlO^ or 

FeO.TiG' + MgOTiO®, the calculated composition of which is 68 ,82 per cent TiO“, 
20 17 FeO, and 1 1 71 MgO 

Shephard’s paracotumbite (iv 341) is, according to Pisani (SiU Am. J [2], 
xxxvii. 369), a ferrous tit.inato, diflBculfc to separate from the matrix It has a hard- 


ness = 45, specific 
aimlvsiR . 


ivity = 4-363 , melts 


to a black magnetic bead, and gives by 
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•riO= ' SiO= A1203 Fe20». FeO. MgO. CaO. 

35 06 10 66 7-66 3-48 39 08 1 94 2-06 =. 100-64 

B Isomoiphous Mixtures of Ferrous Titanats and Ferrio Oxide — ^Titanifevous iron 
occurs, coiitniaingthesecompoundsimxedm.-TOriou8 proportions, between 9FeTiO".Fe“0® 
.mil PoTiO^ ISFe^O®. The following formulae must be regarded, not as representing 
doOnite compounds of ferrous titanate and ferric oxide, but merely as approximate 
I'ipreBsions of the composition of the several varieties of the mineral ns determined by 
analysis For the discussion of the formiiUe, see Eammelsberg’s Mineralclimnw 
(pp. 409—419). 

a From Egersiindin Norway massive , nearly black ; specific gravity •= 4-744 — 
4 791 (Eammelsberg). — 5. Erageroe, Norway- massive; specific gravity <= 4 701 
(Bammelsberg). — e St Paul’s Bay, Canada • massive, granular, sbghtly magnetic ; 
specific gravity = 4 66 — 4 66 (Hunt, Sill. Am. J. [2], xi 231) —d Cienaga, Pro- 
vince of Antioquia, New Granada (Damour, Uc cd,'), — e Ilmen Mountains, near 
Minsk- TZjMMite , crystallised ; powder brown-black, sbghtly magnetic (Kammels- 
boi'g) — / ChAteau-Eicher, Canada - non-magnetic grams , specific gravity = 4 66 — 
4-68(Hunt).— y Iserweise, m the Riesengebirge /sm«{inpart) granules varying in 
specific gravity, magnetic power, and composition , the analysis ^veu is of a strongly 
roiignotio grain (Bammelsberg ). — h Lichfield, Connecticut Washingtonite , <scya- 
tallised, slightly magnetic, yielding a black powder, specific gravity=4-986 (Ram- 
luelsberg ). — %. Eisenach, Thurmgerwald.- massive, yielding a black powder, not 
magnetic, specific gravity = 6-060 (Bammelsberg).— ^■. Uddewalla, Sweden . mas- 
sive; slightly magnetic (Plantamour, J pr Chem. xxiv. 802) — k. Ascbaffenburg - 
massive, laminar, mostly polar-magnetic , specific gravity = 4-78 (v Kobell, he. ovt ) 
— h Snarum, Norway massive, accompanying serpentine and nydrotalcite ; specific 
gravity = 4 943 (Eammelsberg ) — m St Sothard crystallised, yielding a black 
powder, non-magnotio ; specific gravity = 6-187 (Eammelsberg) — n. Erageroe 
(so-called iron-glance), crystallised, slightly ma^etic; speafle gravity = 6 240 
(Eammelsberg) : 

TIO®. Fe20» FeO MnO. MrO. 
a 9EeTiOWO» . .61 30 8-87 39-83 . . 0 40 = 100-40 

h. „ „ . . 46-92 11-48 39 82 . . 1-22 = 99-44 

f „ „ . . 48 60 10-16 37-30 . . 8-00 = 99-06 

d „ „ . . 48'14 9 46 41 66 169 . . = 100 94 

e OFeTiOWO® . . 46 93 14 30 36 52 2-72 0 69 = 100 06 

J. 4FoTiO«PeW . . 41-91 20 63 36 04 . . 1-61 = 99-09 

g .SFeTiOWO® . . 89-70 27 02 30 34 . . 2-23 = 99 29 

h FeTiO^Fe'C’ . .23 72 63 71 22-39 0-26 0-60 = 100-67 

i FeTiO".2F6W . .16 20 69 91 12 60 0 77 0 66 - 100 03 

y 16 66 68-31 14-00 . . . . = 97-87 

k. FeTiO«.3Fe'0“ . . 14 16 78 00 10 04 0-80 . . = 100 

I FeTiQ* 4F6»0 s , . . 10-47 80-68 8 90 . . . . = 100 

WJ, FeTiO’.eFe^Qs . . 12-67 82 49 4-84 . . . . = 100 

n FeTiO» 13Fe«0* . .3 56 93 63 8-26 . . . . = 100 44 

C. iamferaus Iron of abnormal composition . — This group includes ferric titanates, 
fen-oso-ferrio titanates, and isomorphous mixtures of ferrous titanates and ferroso-ferrio 
oxide (magnetic iron-ore). 

a Harthau.near Chemnitz- o^staUisedin six-sided plates (Hesse, Jahresb. 1866, 
p 839) — b. iserweise, in the Riesengebirge : grains with octahedral outline (pro- 
bably rhombohedral, with the faces oE), occurrmg among tho grams of iserin, 
having a much lower specific gravity than the latter, and rather strongly magnetic 

(Eammelsberg) c Unkel, on the Rhine (formerly called scoriaoeous magnetio iron- 

01 e) crude masses, having a eonchoidal fractm-e, intergrown with basalt, yielding a 
black powder, specific gravity=4-905 (Eammelsberg). — d. On the banks of tlie 
Jlei-soy magnetio , specific gravity = 4 82 (Edwards, J pr. Chem. xxi. 124) ; 


Tloa FeUO-i. FrO. MnO. MgO. 

a 4F620»9TiO“ . . .63 01 47-35 = 100-36 

h 4(FeOTiO0.Fe’O«.3TiO', 67 19 16 67 26-00 . . 1-74 = 100-60 

e. 2(F60.TiO»).3(FeO 2Fe’0") 8 27 61-81 37-22 2-03 0-78 = 100 11 

d. 3(FoO.TiO’).6(FeO Fo=0») 16 28 48 71 36-01 . . . . = 100 


A titaniferous iron-ore, imbedded in fhe diallage and augitio gabbro of Baste in the 
^larz, was found by Strong (Jahresb. 1862, p. 716) to contam 46 77 per cent. TiO”, 
41-55 Fo-0®, and 0 66 Ci-^O®. 

Magnetic /» onsand . — In many localities, black ferruginous grains occur, strongly 
attracted by the magnet, and partly in the form of regular octahedrons. In a speci- 
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men from the coast, of Pinlond, Klaproth fonnd 11 per confc , Maly 33 p& cent , titaoie 
oxido; Cordiar has foimd, in similar speciinons, from 11 to 18 per cent, titanic oxide 
In an ii'on.sBiid eoutainiiig octahedrons from the Etna hivua, v Walterhausen found 
12 38 per cent TiO' and 9218 Ee’0“, trhieh is an excess of IDS, indicating the 
presence of ferrous oxide A spoeimeu of very fina ironsaud from tho Muggel Lake, 
near Berlin, yielding a black powder, and having a specittc gravity of f> 075, was found 
by Eammelsborg to contain 6-20 per eout. TiO'*, 61 38 Fe'-'O®, 30 25 FeO, 1 23 MnO, 
and 0-48 MgO ( = 98 62), which may he nearly represented by tbo formula FoO TiO'. 
e(FeO.Fo’0»); hut all those substances are, perhaps, merely mixtures of ferrous 
titaniitn and mngnetie iron-ore, and the oeeurrence of doflnite proportions is merely 

Tihiinferova Iron contmmna Tmtalmn and Niobium — In the diamond-sand of Bia- 
mantrao in Brazil, Damour found hlaek grains, yielding a dark-groen powder, and 
having a specific gravity of i 82, which contained 74'32 per cent. TiO’, 6’87 Ta’O’, 
2 04 Sn0^undl6 97FeO 

According to A E. Noidonskjold (Fogg Ann cxxii 616), a mineral resetnhling 
titamferoub iron, or ilmcnite, hut containing niohic ns well as titanic acid, occurs near 
tlie vilUgB of Torro, in Finland. 

Tit aunt e of Maffui siutn — ^Tlio mcmohasiosalt, MgTiO’ »=■ MgO.TiO’, is formed 
hy lioatiug 1 pt titanic oxide to whiteness for a short time in a closed vessel, with 10 
pts. chloride of magnesium, and a small quantity of sal-emmoniae. On h-eating the 
fused product, first with water containing acetic acid, then n-itli pure water, the mono- 
rmignosio tifanato remains, in shining six-sidod crystals, probably belonging to tbe 
triiuctric system, and coloured reddish by a trace of mangniieso TJiey scratch glass, 
and luive a density of 8-01. If tho cblorido of ammonium be omitted in the pre- 
paration, tlie proportion of magnesium in tbo crystals will bo soincwbat greater 
{Hnutefeiullo)— The diinstc soft, Mg’TiO* == 2iilgOTiO', is obtained by fusing 
2 pts titaiiir oxide, 1 pt. magnesia, and -10 pts chlonde of magnesium, and proceeding 
as m the preparation of the corresponding foi-rous salt (p. 848). It forms voiy 
brilliant rsgiilai octahodrons. harder than glass and liavbig a specific gravity of 3 42, 
(HautefeuiUe ) 

Manganous Titnnates (Saiitefnuillo). — Tho dibasic sa7i, Mn’TiO>, is ob- 
tained hy heating titanic oxide with fluoride of munganoso, but .ilways mixed with 
tho laminar monob.isic salt ; neither of these compounds has been further examined 

Titanaies of Totassiiim — ^The monobasic salt, K’TiO’ = K'O.TiO’, is ob- 
tained hy fusing titanic oxide with excess of potassic carbonate. Two fused layers are 
then formed, the upper containing the excess of carbonate, tbo lower tho monobasic pofas- 
siuni-titanato This suit foi-ms a j ellowisli, fibrous, easily fusible mass, which is resolved 
by water into an insoluble acid salt, .ind a soluble salt contammg a larger proportion 
of base. — Tho acid salt is a soft white powder, which, after ignition, oontams 17'3S to 
18 111 per cent, K-0, and 82 87 to 81 90 TiO>. On treating it ivitli strong hydrochloric 
acid, and saturating tho liquid with ammonia, a precipitate is formed, which, after 
Ignition, CdUtains 91-8 per cent. TiO- to 8-7 K-'O (II Eoso ) 

A silu'ii-ttUniale of potassium is formed hy igniting titanic oxide with excess of 
silica and excess of potussinm-oaihumito, and rem.iins holiiiid on treating the mass 
with w.tUr, which fossolvis out carboniito and s 'icato of potassium. "When moist, it 
dissolves easily in coneontinted hydrochlonc aela, forming a solution, which, when 
boiled, deposits flocks, somewhat soluble in water, and, when mixed with ammonia, 
yields a pivcipitato of silicic and titanic acids. 

Tiianatcs of Sodtum—Themoiiabasto salt, Na'TiO* = Na’O TiO’, prepared 
like the corre.spondiiig irotussumi-salt, is resolved by water mto an insoluble acid salt 
and tree soda Tbi.s acid salt terms wbito sandy griiins, containing 15'14 to 16.30 
per cent. Nii-0, 74-73 to 76 47 TiO’. and 10 13 to 0 23 natcr. On treating it with 
stiong iiydiocldone and, and uuutralising with iimnionia, there i-emains a residue ron- 
Otiniiig 08 2--96 .56 per cent TiO’ to 3-8—3 44 Ka’O (H Eoso ) 

Titanatc of Zirconium is precipitated on mixing tho solutions of zircomc and 
litmiic chlorides, and nddmg bulpfmto of potassium (Borzeliiis) Titanate of zirco- 
iHuiiys^Qne of tlic coiistitueuts of aebcbyniti?, forgusouito, and polymignita (i. 69 , iv. 

TITAWItriW, OXVCHi:.OSIllXl OP. See p. 837 

TITAWItTM, OXVPX.irORIDS OP. See p. 810. 

TITAIfflUM, auiPKIDB OP. TiS’.— Tins, the only known sulplude of tita- 
nium, was discoiered by H Eose, w-lio prepared it by slowly passing the vapour <of 
ctirlxmie disiilpliidc over titanic oxide, lery .strongly ignited in a poiceliiin tuba 
Herzelius oWuincd il by- igniting a mixtinc of 1 pt. puivei-ised rutile, 1 pt ilry c.vrbmi- 
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ate of sodium, 1 pt sulphur, and ^ pt. charcoal, m a crucible bnad ivith chareoaL 
Larger quantities are best prepared by passing a stream of dry sulphydric acid gas 
into a tubulated retort, containing titanic chloride, and having its neck connected with 
a glass tube laid horizontally over a furnace. As soon as this tube is heated to com- 
mencing redness, the retort is wanned to such a degree, that the sulphydric acid gas 
may pass into the tube saturated with the vapour of titanic chloride, at a temperature 
somewhat below the boihng-point of the latter Hydrochloric acid vapours are then 
given off, and titamo sulphide remains m the tube. (Ebelmen, Ann Ch Phys [3], 
xx. 285 ) 

Titanic sulphide thus prepared forms large,' brass-yellow, metallically lustrous 
scales, which, when rubbed on the skin, cover it with a shining coating like mosaip 
gold Wlien ignited in the air, it burns readily, yielding titanic oxide and sulphurous 
oxide, which is volatdised It detonates when heated with nitre It is decomposed by 
dry ehlorine-gas, the products bemg chloride of sulphur and chloride of titanium 
With nitric acid it is resolved, with rise of temperature and disengagement of nitric 
oxide, into titanic oxide and sulphur. It is oxidised by warn nitromuriatic acid, 
yielding titanic acid (the greater part of which remains undissolved) and sulphuric 
acid It dissolves slowly in hydrochloric acid, with evolution of sulphydric acid (H. 
Itose). At a tolerably strong red heat, it decomposes vapour of water with great 
facility, and is converted into titamo acid, with evolution of sulphydric acid and 
hydrogen-gas (Eegnault) It is also gradu^y decomposed, with evolution of Bnljiliy- 
dne acid, by exposure to moist air. When digested with aqueous potash, it is rapidly 
converted into white titanafe of potassium, which is precipitated, and sulphydrato of 
potassium, which dissolves TiS* H- 2KHO =« TiO’ + 2KIIS. fEose.) 

TITAHItnU'OHSBlT. Eerrocyanide of totaninm, precipitated by ferrocyamde 
of potassium from a solution of titanic oliloride, has been recommended as an inno- 
cuous substitute for Schweinfort-green and other arsenical green pigments ; its colour, 
however, is fariufenor to that of Sdiweinfnrl-green. (Elsn or, Dmgl. pol. J. ov. 130 
— Q-entele, ibtd. clx 238, sea also Jahresb 1847-48, p. 1068.) 

TITAWIvni-SAIfll. Pulverulent titaniferous iron (p. 847). 

TITAWIUW-STBBI.. See InoN. Ajxots op (m. 370). 


TITRATIOir. Sea Anxiysis, VoLUiniTRio (i. 264). 

TIZA. Boronatrocalcite, occurring in lumps in the deposits of nitrate of sod.i m 
Peru (i 649) 


TOBACCO. This substance, so extensive’ u m i ' ewing, 

is prepared from the leaves of several species c ’. - ‘ • iigmm 

tobacco ; N. maorofhylla, Maryland tobacco ‘ ‘ ^ . Tlio 

tobaeco-pUnt is indigenous in tropical America, but tlinres, under various cEmatie 
conditions, as high as the fiftieth degree of latitude, and is extensively cultivated in 
most countries within those limits. 

The earliest chemical investigation of tobacco-leaves is that of Posselt and 
■ i ~ Tu-^- — 1 00 . ^2], 67), who found, in 1,000 pts. ; 

Malic acid, malates, and 


Eeimann (&eiger’sMag. 
Nicotine 
Nieotianiue . 

Bitter extractive . 

Albumin and &lutin 


, 0-1 
. 28 7 


nitrates 
Other potassium-salts . 
Phosphate of calcium 


9'7 


According to later investigations, the proportion of the poisonous alkaloid, nico- 
tine, is much larger Schlosing (Ann Ch Phys, [3], xix 230) found, in different 
sorts of tobacco, from 2 to 8 per cent, nicotine, the better and milder varieties, such ns 
that from Havannah, containing the smallest quantity. (See Nioormn, iv. 45 ) 
Another volatile constituent of tobacco is nicotianino, or tobacco-camphor 
(iv. 44). V auquelin (Ann Chim. Ixxi 139)fonnd in tobacco an organic acid, which 
ha regarded as malic acid, a result confirmed by Posselt and Eeimann Barral 
(Compt rend xxi. 1374) regarded it as a peculiar acid, designating it as nicotic acid 
According to Q-onp el (Ann Ch Phys [3], xvn. 603), the acid of tobacco-leaves is 
malic aoidwitli a little citric acid from 100 grms. of the dried leaves he obtained from 
3 to 4 gnus, of acid ammonium-malate 

Tobacco contains a considerable amonnt of inorganic constituents, the dried leaves 
yielding from 18 to 23 per cent, of ash According to Casaseca (Ann Oh Phys. 
[3], xlv 479), good Havannah tobacco contains from 16 to 16 8 per cent, ash, inferior 
sorts from 17 8 to 19'4 per cent , the latter contained a trace of lodiue, which was not 
fotmdm the better kinds. Vogel (Eepert. Pharm. [1868], vi. 100)fouud, in Turkish 
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tobacco from Tarioua localities, 17 to 23 per cent , in EuBslaii, 21'9 to 24'9 , in Grecian, 
19 per cent, ash, Will andFreseuius (Ann Oh. Pham 1. 387) have analysed the 
ash of several varietios of Hungarian tobacco (No, i to viii. of the following table), and 
Morz (iMii. Inris lOO) haa analysed that of tobacco grown in the neighbourhood of 
Niirnberg (Ho. ix.) : — 


Ash of Tobacco. 




n. 

mi. 

IV. 


VI. 

vm. 

vin. 

IX. 

Ash per eont. of dry Bubstauco- 
Loaves .... 
Stalks .... 

Potash .... 

Soda 

Lime 

Magnesia .... 
Chloride of sodium . 

Chloride of pobossium 

Ferno phosphate 

Phosphate of calcium . 

Sulpluite of caloiurn . 

Sihca ..... 
Sulphuric anhydride 

18-9 

22-9 

19-8 

32-6 

23 0 
19-8 

211 

23-3 

23'3 

22-8 

27'3 


29-1 

22 

27-7 

72 

0-9 

Vs 

a 4 
17-6 

18-8 

27'8 
16 7 
H'4 
39 
68 

io-l 

60 

8-2 

42 8 
139 
2'2 

1 8'6 

‘■‘J 
! 80 

I" 

19 6 

03 
44 6 
11 1 

36 

4 3 
60 
66 
61 

9-7 

93 

10'3 

11-2 

26-9 

27 
39 6 

06 

42 

4'6 

28 

49-3 

14-6 

4-6 

4-4 

6'2 

67 

60 

49'4 
16 6 
3'2 
3'3 
6-7 

61 

6'3 

16 0 
64 
30 
7-6 

9'4 

83 

47'0 

12'8 

2'6 

30 

6'S 

61 

12'0 

99 9 

lOO'S 90'0 

99 9 

100 0 

0^ 

99 4 

lOO'O 

99 8 


Schlosing (J. pr. Chum btxiti. 148) has deteimined the quantities of potash, 
lime, magnesia, Bulphnric acid, and chlorine in tobacco grown on various soils. In 
the aii-dried leaves of twelve different aorta, he found 90 pts, of dry aubatanos and 
10 pts. water' — 



The combustibility of tobacco is influenced to a eonsidorabla extent by the propor- 
tion of the potash and lime contained in it, and the manner in which these bases are 
combined with acids. The ash of the more eomhustihle tobaccos is oomparativoly 
rich in earboBate of potassium, showing that in these tobaccos the potash is in combi- 
nation with organic acids, whereas the ash of the less combustible tobaccos contains 
sulphiite and chloride of potassium, together with carbonate of calcium, instead of 
ciiTnoiiate of potassium, showing that in these tobaccos the organic acids are combined 
with lime A slowly-burning tobacco may be rendered more combustible by ading 
to it an organic potassium-salt, in such quantity that the amount of potash in the ash 
may he more than equivalent to the sulphuric and hydrochloric acids present; and, on 
the other hand, the combustibility of tobacco may be diminished by mixing it witii 
such a quantity of sulpluite or chloride of magnesium, calcium, or nmmomiim, that 
the amount of hydrocbloiic or sulphuric acid in the ash may be more tlian eqiiiv.aleiit 
to the potosh, so that the ash will not contain anypotassie carbonate. (Schlo- 
sing.) 

Tobacco always contains nitrates. According to Schlosing, these salts are most 
abundant in the midrib of the leaf, which, in di&rent varieties, contains from 0 16 to 
6'1 par cent, nitric acid, the loaf, deprived of its midrib, containing from 0'02 to 2'0 
per cent. The ready mflainmability of tobacco, and its capabihty of burning with a 
smouldering finiue, are due, m great part, to this large amount of nitrates 

In the smoking of tobacco an imperfect combuetion takes place, one part of the tobacco 
burning in contact with the am, and producing by its combustion a quantity of heat 
sufdcient to decompose the remainder by destructive distillation, producing water and 




smoke vary, of couibb, according to the freedom of access of air during the eombua-- 
tion : hence the difference in the action of tobacco, according as it is smoked in pipes 

Respecting the manufacture of tobacco and snuff, see ITre’s JheHomry of Arts, &c , 
iii. 907 ; Eandw. d Chem. viii. 462. 

TOSAOCO-CAIKFBOlt, Syn. with Nicotiahisb (iv. 44). 

TOBACCO-OIK. The empyreumatie oU produced in the destructive distillation 
of tobacco. 

TOBAOCO-SBED OIK. Tobacco-seeds are said to yield, by pressure, about 36 
per cent, of a greenish-yellow, mild, inodorous oil, of specific gravity 0'923 at 16°, 
solidifying at —26°, and qmckly di^g when exposed to the air 

TODDAKEA. See LoMz-BooT (m. 733). 

TOKAKKTK-SXTKFHIBE. (C’H;‘)®S.— A product obtained, together with 
others, by the dry distillation of sulphide or disulphide of benzyl. After repeated 
crystaUisation from alcohol, it forms a white crystalline powder, very sparingly soluble 
in alcohol, more easily in ether or in benzene, and melting at 143° — 146°. (Maroker, 
Ann Ch Pharm oxxxvi. 76.) 

TOKBifE, O'”!!*'. — The oily constituent of tolu-balsam (i. 498) The balsam 
distilled with water yields 0 2 per cent, of the oil tDeviUe), 1 1 per cent. 
(Soharhng), which may be rectified over hydrate of potassium. Scharhng furthor 
treats it with potassium, and then rectifies it agam 

Tolene is a colourless very mobile liquid, having a pungent odom‘, and a specific 
gravity of 0 868 at 10° (E Kopp). It boils at 170°(DeviUe , Scharhng), at 164° 
160° (E. Kopp). Vapour-density = 61(DeviUe). When exposed to the air, it 
quickly takes up oxygen, and becomes resmised , it hkewise oxidises when boded with 
water and meromno oxide, forming a small quantity of carbonic anhydride , but the 
oxidation is not easily completed, and does not yield any weU-charaeteiiscd products 
(Schorling). Tolene mixed with bromine forms a. hUck-hrown tarry liquid. 

TOKID. A name sometimes applied to benzyl, 

TOKIir. Syn. with Toiuenii. 

TOKTr-BAKSAM. See BALSams (i. 498) 

TOKtrAKIC ACID. O^H'NO’.— Syn with OxiraoLtraiino Aoro (iv. 321). 

TOKTTElf E, or tokttok. 0*3!* — Syn with BaNZTiio Htdeide, under which 
name the compound has been already described (i 674) 

Besides the modes of formation there mentioned, it is produced — o By distilling 
vulpio or oxytohe acid with potassinm-hydrate (Moller and Strecker, Ann. Ch 
Pharm cxiii 69) — ^ In the dry distillation of BBTeral organic substances, namely of 
dragon’s-blood (G-lAnard and Boiidault, liwf liii 326), wood (Cahours; Volc- 
kel), and coal (Mansfield), being, m fact, a constant constitnent of coal-tur 
oil. — y. By the action of methyl-iodide and sodium on monobromobenzene (Pittig 
and Tollens) . 

CffBr -I- CffI + Na’ = NaBr Nal + 0'H>. 

This and the following mode of formation show that toluene may be regarded as 
methylic benzene, C"H'(CH“), or phenyl-methyl, CH* CH’. 

S. By the mutual action of benzene and methylic hydride (marsh-gas) m the 
nascent state, as when an intimate mixture of 2 pts acetate and 1 pt. benzoate of 
sodium is subjected to dry disdllation (Bert helot. Bull Sue. Ohim. [1867], i. 
118); 

CH’ + CH* = 0’H» -4 H». 

Other homologues of benzene— namely, xylone, C“H‘", and cumene, (PH*’— are produced 
at the same time by sunilar reactions Tbo formation of those homologues of benzene 
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in tlie destraetive distillation of coal is probaMy due, in lilco manner, to Sie reaction of 
benzene and mni'bli-gaB at the moment of their elimination from certain eoiiBtituents ot 
the coal. — e Toluene is found, together with many other hydrocarbons, m Eangoon tnr 
(iy. 3) 

Toluene is moat ndTantageonsly prepared from coal-nnphtha ; in fact, the coal- 
naplitlia now occurring in oominerce consists ni,imly of toluene and its higher homo- 
loguoa, II may he obtained tolerably pure by collecting the portion of the naplitha 
which distils tjelivcon 100'’ and 120'’, agitating it with half its weight of strong sul- 
phiirie acid, and leetifjmg it repeatedly, collecting apart tho portion which distils 
between 108“ and 110°. 

Toluene has a specific giarity of 0 86fi4 at 16° (Mendolej of, Jiihresb 1S60, p. 7) , 
0 8824 at 0°. 0'8720 at 16“ (Warren, ibid 1886, p 626) It boils at 110 3“ 
(con'bctcd). (Warren.) 

Tcjlciene-vnpoiu’ passed through a porcelain tube heated to bright redness, is decom- 
posed, yielding itncondonsable gases and a tarry liquid, which may he resolved , by two 
senes of rectifications, into benzene, CH' , unaltered toluene, C’H® , naphthalene, 
C'"H* ; benzyl, C'H''*, and a hydrocarbon apparently isomeric therewith; anthracene, 
ehrysons, , and hydrocarbons of higher atomic weight. The formation 

of these hydrecoibons may be lepresented by the equations : 

2C’H» == C"H;'‘ + H’. 

Telucne. Benzyl. 

dCW = 30"H'> + C'»H* + 3H=. 

Toluene. Benzene. Naplitlu- 

2C’H" = + 3H« 

Toluono Anthra- 

18C»H» = 7C'“H'» 4 30H», 

Tolnonc. Chryseno, 

Or the ohryaciio may be formed from benzene, according to tho equation SCH" =■ 
0'*H“ + 3H’. (BoTtheloi,BnU.SDC.Chira. [1837],!. 218) 

Toluene oxidised with dilute nitric acid yields oxy toll o acid, (Pittig, 

iv. 321), but fuming nitric nod converts it into nitro drneylio acid, O’HWOOO*, 
iaomerie with nitrobenzoicacid (iv. 60). 


Denvativm of Tohicim. 


The rational formula of toluene, CH'-CH’, indicates the existence of two series of 
suhstitubon-prodnets, according as the hydrogen of the phenyl-molecule, or of the 
methyl-moleonle, is replaced by other radicles, e.g . : 

C“H^C1.CH> CH'.CHsCl 

Monochloroto. Beti2ylic cUlo- 


C»H‘(HO).CH> C''H;*.0H«(H0) 

Ciesiil. Benzyllc alcohol. 

C«n'(NH»).CH> 

Toluidlue Beazylamlne. 

Those isomeric derivatives differ considarahly from one another in their properties 
Those in tlie left-hand column, formed hy replacement of hydrogen in the phenvi-molo- 
oule, are comparatively stable and indifferent compounds, like those derived in bice 
manner frombuizone, CH*; whereas those in the nght-hand column, formed bv re- 
placement of hydiogon in the methyl-molecule, ore more active bodies capable of 
easily oxchaiiging their chlorine, hydroxyl, «5c for other radicles by double decomposi- 
tion Thus beiirylio alcohol, treated with hydi’oehloric acid, yields henzylio chloride • 
this compound, heated with alcohol ammonia, yields beuCTlamine , the chlondcis also 
easily converted into the acetate, cyanide, &e by treatment with the correspondiua 
potassiura-s.ilta. In short, these kst-mentioned toluene-derivatives exhibit rraotions 
exactly like those of the coiTesponding compounds of tho fatty series, and mav in like 
mannor, be supposed to contain nii sleohol-radiele, C'H’, called benzyl or tohl and 
etc cl to tl 0 water-typ^ ammonia-type, &e.. am, benzylre chloride =. C’ff.CI; 
benzyhc alcohol = C'H’.H.O, benrylamino = C'H’ffN &c 


Azotoluenes. See Azotomiimkbs (p. 807). 

Bromotoluenea, (aiinzar andEittig, Ann. Oh, Pharm. exv^ti i, 47, cxxxvj 
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roi— KekuK, Ann- Oh Pham, cxxxvii. 183, 192. — Laath and Grrimanx, Bulk 
Soe Chim [1866], i. 647 j [1867], i. 108) — Bromine acts directly upon toluene, forming 
nionol/romotoluone, or benzylio bromide, according aa the reaction takes place at low or 
at high temperatures Higher substitution-products appear to be formed at the same 
time, but they have not been isolated 

Monobeomotoltjjinii, C’H’Br = C“H^Br CH", is prepared by gradually adding 
bromine to toluene kept cool and in excess, leaving the liquid to itself for afew days, and 
purifying the product by agitation with potash-ley, and rectification over solid potash. 
It IS a colourless liquid, having a faint, not unpleasant odour when cold, but (accord- 
ing to Lauth and Grimaux) extremely iiritating to the eyes when heated ; according 
to Fittig and KekuliS, on the other hand, pure bromotoluene does not exhibit this 
11 ritating property. It has a specific gravity of 1’4092 at 16°, and boils at 179° 
(Glinzerand Pittig'l; at 181° (Lauth and Grimaux), at 182 6° — 183° (Ke- 
knl e). It 18 a very stable compound, and is not decomposed by heating with ethylate 
of sodium, acetate of potaesium, acetate of silver, cyanide of potassiuni, or aleoholie 

Bonsyha iroiMcfc, C'H’ Br = C“H".CffBr, is easily obtained by tlia action of 
g.iseous iiydrobromio acid, or the satm-ated aqueous acid, on benzylic alcohol , .ilso by 
tlie action of bromine on boiling toluone It is a colourless Lquid, fivming slightly in 
the au', and boiling at 198° — 199° (KeknlA), at 202°, according to Lauth and 
Grimau x , but tbeir product was probably impure. It has at first a pleasant aro- 
matic odour, but exposure to its vapour produces a copious flow of tears. It gives up 
Its chlorine, by double decomposition, with great facility, being rapidly attacked by 
acetate of potassium, acetate of silver, cyanide of potaesium, alcoholic solution of hy- 
drate or sulphydrate of potassium, and alcoholic ammonia, yielding benzyl-compounds 
in all cases. 

Dibeomotolubhe, C’H*Br' — Toluene is capable of yielding three dibromin- 
ated deiavatives, ooiToaponding to the dichlormated toluenes (p 854) , but the only one 
hitherto obtained in the pure state is that which corresponds to ehlorobenzol, viz. 
dibromobenzol, or bromide of ben^lidene, O’H'Br* = C“E.‘.CBr=H, which is produced 
by the action of phosphoric pentabromide on benzoic hydride (bitter-almond oil) It 
is decomposed by djstillation under the ordinary atmospheric pressure, but distils 
easily in n vacuum. When treated with sodium, or sodium-amalgam, it yields toluene 
and benzyl, (Miohaelson and Lippmann, Ann. Oh. Pharm. Supp. iv. 113). 
See p. 870. 

Lauth and Grimaux have likewise obtained other hrominated derivatives of toluene, 
but not m sufficient quantity for accurate investigation — o If the first drops of bro- 
mine bo added very slowly to the toluene, no disengagement of hydroWmie acid 
t.ikes place ; but the mixture, which remains colourless, deposits a small quantity of a 
compound in hexagonal tables, perhaps resulting from the direct fixation of bromine 
on toluene. — ^ the orudo bromotoluene is distilled till the hoiluig-point rises 

to 186°, a black viscid residue is left, extremely rmtating to the eyes, and becoming 
filled, after a few days, with needle-shaped crystals, difficult to purify from a thick 
viscid substance with which they are impregnated.— y. When toluone was treated 
with 2 at. bromine (for the preparation of dibromotolneno), a thick liquid was formed, 
which remained coloured even after the excess of brommo had been removed. This 
liquid, when distilled, began to boil at 187°, continued to give off hydrabromio 
acid tiU the temperaturo rose to 210°, and left a black residue which did not soli- 
dify 

Chlorotbluenes.— The action of chlorine upon toluene gives rise to a number of 
substitution-products, diffenng in constitution according as the reaction takes place at 
high or at low temperatiiras. Compounds isomeric with some of these are also ob- 
tained from bonzylie alcohol. 

Of the two monocblorinated compounds whose existence is indicated by theory, viz. 
monocblorotoluene and bCnzylie chloride, the former is produced at low, the latter at 
high temperatures, as is the fcase with the corresponding brommo-componnds. 

MosooHL03ioTOLUi5SB,C“ffCl CII°. — ^DeviUe obtained tluB Compound by Saturat- 
ing toluene (prepared from tolu-balsam) with chlorine (i. 674) , and Beilstein and. 
Geitner have lately shown (Ann Ch Pharm. cxxix. 331; Bull Soa Chim [1867], 
i 261), that it is always produced when cooled toluone is treated with chlorine. As, 
however, the action is attended with rise of temperature, benzylic chloride is apt to be 
produced at the same time , but pure dilorotolnene may be obtained by treating 
the crude product with any of the reagents by which benzylic chlonde is decomposed 
Pure oblorotoliieno, free from benzylic chloride, is also produced at once by treating 
toluene with chlorine in presence of iodine. The same compound is probably formed 
by the action of cliloriuo on ercsol 
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CUorotoIume boils at 157° — 168° (Beilstein and Geitner), at 16l° (corrected) 
(Limprioht). Spccifle gravity = l-080atl4°. It is not attacked by water at 200°, 
by ammoniaeal alcohol at 100°, or by aleohobc sulphide, sulphydrate, or ethylate of 
sodium at 160° Treated with sodium, it yields toluene, and a hydrocarbon boibng 
at about 200°, but no benzyl; nearly the same decomposition takes place also when 
the vapour of the compound is directed upon hot soda-Iimo. (Limprioht, Bull. Soc. 
Ghim. 1806, 11. 467) 

Boiisylio chloride, C*H''.CH-01, the compound isomeric with chlorotoluene. 
first obtamedbytheaction of hydrochloric acid on benzyliealcohol(CannizzaTO, i 67S), 
IS likewise produced by distilling toluene in a current of chlorine-gas, keeping the 
temperature between 110° and 140°, above that limit, more highly chlorinated pro- 
ducts are formed. The condensed product is redistilled, eoUeoting the portion which 
goes over below 170°, and again submitted to the action of chlonne. In this manner, 
after a few rectifications, a quantity of bensylic chloride is obtamed, equal to about 91 
per cent of the toluene employed, and distilling between 170° and 180°, the greater 
portion also between 176° and 176° — a certain quantity of more highly ehlormated 
Iirodnot always remaining m the retort, in tho form of a thick irritating oil. (Lauth 
and Grimaux, Bull. Soc. Chim. 1867, i. 106) 

Chloride of benzyl boils at 176° (Oannizzaro), at 183° (corrected) (Limpricht) * 
Specific gravity = 1-07 at 14° (Limpricht) "When heated with mine acid diluted 
with ten timos its hulk of water, it is converted mto benzoic hydride (bitter-almond 
oil): 

O’H’Cl NHO> = C'H»0 + m>IO‘ + ECl 
Benzole acid is also formed in this reaction; but if nitroto of load is used instead of 
uitne acid, and the oporatiou is conducted in a current of carbonic anhydride, benzoic 
hydride is the only product. Benzylto chloride, boded with recently precipitated 
hydrate of lead, is converted into henzylio alcohol 

2C’H’C1 + PbH'0» = 20’H«O + EbOB 

Heated with an equivalent quantity of yiofassm yJmate, in aleohobc solution, it yields 
henzylio phenato, q,®, 1 0. BenzyUc valerate is obtained in a similar manner, but is 
decomposed by distillation. Benzylic ehlorido heated to 116° in a closed vessel with 
rosamline, or its hydroohlorate, m alcoholic solubon, yields a very fine violet colouring- 
matter in the form of a dry mass, having a shining lustre and bronze-green colour, 
and insoluble in water. To obtam a good violet, however, the treatment must be re- 
peated tliree or four times. The base, set free by soda, is colourless at the moment of 
precipitation, but soon turns blue on exposure to the aii (Lauth and Grimaux.) 

Benzylio chloride heated with water to 180° yields benzyl, benzylic ether, and 
anthiacene (identical with that fkom coal-tar)’ 

40’H’C1 + 2H*0 = C»H» + 0'-H'« + 4HC1 + 2ffO. 

2C’H’01 4- H’-O « (C’E’I^O + 2HC1. 

The henzylio ether thus produced is identical with that which Cannizzaro obtained by 
the action of hone anhydride on henzylio alcohol. (Li J^richt.) 

DioHnonoTOLHEitia, C’H’Cl'', and its isomers. — Kokuld’s formula of toluene, 
C“H*.CH“, suggests the possible eiistence of tliree dichlorinatad derlvatiyeB, viz. . 

C»H»C1*CH> C"H^G1CH=C1 C»H‘ CHCB. 

DichloTOloluBoe, CVilurnbonzylic Chlorobenzol, 

The true dichlorotoluene does not appear to have been yet obtained, at least not in 
the pure state Monochlorotolueno treated with chlorine yields a body which gives 
up one of its chlonno-iitoms more readily than the other, and is, therefore, not diohlo- 
rotolueno, but chlorobonzylic chloride. 

Ohlorobenzol is formed by the action of phosphoric pentaohloride on benzoic hydride : 
its two chlorino-.itoms are, therefore, situated in the same manner as the single oxygen- 
atom of benzoic hydride (which, according to Kekuld’a theory, is 0“H*.0OH) : 

C»H>OOH 4- PC1» = C“E».CC1»H 4- PfflsO. 



TOLUENE. 


855 


ChloTohe'izylio chloride, C^ffClCffOl (oiten called Dichloroiolume ). — ^This 
compoiind is produced, as abbve stated, by the action of chlorine on henzylie chlonde, 
or on monoohlorotoluene, and therefore also by the action of chlorine on toluene. 
Beilstein (Ann. Gh Pharm. eivi. 336) saturates toluene in diffused daylight with 
chlorine, either at ordinary or at higher temperatures , distils, collecting lie product 
•which passes over between 186° and 220° . and rectifies it several times. It is diffi- 
cult to obtain a product of constant boiling joint , that of the pure compound appears 
to he somewhat below 200°. (Compare Lauth and Q-rimaux, BuD. Soc. Chim 
[1867], i. 108) 

Chlorobenzylio chloride is a colourless, strongly refracting liquid, the vapours of 
which excite tears. It easily gives up ona-habf of its chlorine, but the other half is more 
fixed, as in true substitution-products — With cdooholic potash, it yields a chlorinated 
oil, d'H^OlO, boiling at 216° — 220°, which is the ethylic ether of monochlorinated 
benzyl-alcohol, (lTaquet,Ann Oh Pharm. Suppl li 249), and with 

sulphide of potassium, a beautifully crystallised compound, which is the sulphydrate 
or mercaptan corresponding to the same alcohol, ^ ^ S (Beilstein). Ghloro- 
benzylio ohloride is not converted into benzoic hydride by heating with water to 130° 
— 140° j neither does it yield benzoic wad on exposure to moist air (Kaqu et.) 

C'/iZoro O’H'OP = C^H^CCl'lI (Otihours, Ann Oh. Pharm. Ixx 39; 

ibid, Suppl. 11 . 263, 806 — Wi'cke, Ann. Oh Pharm. cii 366 — Bngelhardt, 
Jahrosb. 1867, p. 470. — Naquet, Ann. Ch. Pharm. Suppl. ii 249, 268.)— This 
compound, already described as chloride of benzylene, (0'H'‘)"CP (i 677), is pro- 
duced by the action of phosphoric pentaehloride on benzoic hydride. According to 
Lauth and Grimaux (BuU, Soc. Chim [1866], li. 347), it is also formed, together with 
benzylio and chlorobenzylio chlorides, 'when toluene is distilled m a current of chlorine, 
and remains m the retort, together with ohloroben^hc chloride, after the benzylio 
chloride has been distilled off 

Oblorobenzol is a colourless, strongly refracting oil, having a faint odour in the 
cold, strongly irritating when heated, and hoihng at 206° Specific gravity = 1’296 
at 16°. It gives np the whole of its chlorine -with great facility, in exchange for 
acygen, producing benzoic hydride, the reaction being, m fact, the opposite of that by 
which It is produced . 

0=H',CCPH + H»0 = C*mCOH + 2HC1. 

Thus, when heated with water or aqueous potash to 120° — 130°, it is converted into 
benzoic hydride ; and in contact with moist air, it yields benzoie acid, evidently 
resulting from oxidation of the previously formed hydride (Cahours). Heated with 
alooholw sulphydrate of potassium, it yields the sulphur-aualogue of benzoic hydride, 
C’H“S, commonly called snlphobenzol (Cahours).— iStodiim decomposes it, forming 
chloride of sodium, and benzylene, 0’H“. When its vapour is directed upon ignited 
soda-lime, benzene is formed, together with carbonic oxide and hydroohlorio aetd 
(Limpnoht, BuU, Soc. Ohim. 1866, li. 467)- 

O’H'CP + H«0 = C“H« + CO -t 2HC1. 


Teiohioeotoi.ubs'b, and its isomers — Of the numerous isomeric ci 
which might he included under the empirical formula C'H‘CP, only two a 
■with certainty, -viz. : 

CH'Cl^CH’Cl and C“H» CCl>. 

Dichlerobenzylic Beiizotilclilo 


The true tmchlorotoluene, C“H*C1’ OH*, may perhaps bo formed by the action of 
chlorine on toluene, but it has not been isolated 
Biohlnrohensylio chloride, CffOl- CH'Cl — This componnd is formed by the 
prolonged action of chlorine upon toluene, and separated by repeated fractional dis- 
tillation (Naquet, Ann. Ch. Pharm Suppl. li. 248) It is commonly regarded as 
triehlorotoluene, but, according to Keknle (Lehrbuch, ii. 661), it should rather bii 
regarded as a substitution-derivative of benzylio chloride, inasmuch as its formation I'i 
preceded by that of monochlorohenzylic chloride It is a colourless hquid, having a 
pungent odour, and a specific gravity of 1 "44. Under the ordinary atmospW'ic pres- 
sure, it boils, with partial decomposition, at 240° ; but under n reduced pressure of 
10 mm of mercury, it distils without decomposition at 136° — 143°. It may be heated 
With water to 200° for several days, -without forming benzoic acid; according to 
Naquet, however, it yields that acid when strongly heated with alcoholic potash. 

Honzotriohloride, or Chlorinated Chlorobenzol, C“H‘C1“. (Schisohkoff 
and Hosing, Jahresb. 1868, p 279 — Cahours, Ann, Ch. Pharm Suppl. li. 306 — 
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Limpi'ioLt, cxxxiv. 00, cxixv 80; BuU. Soc Gliim 1866, ii ' 468 l-TI,;. 
substance, analo^ns m imposition and properties to chloroform, was discovered ^ 
1848, by SchisohkoiF and Rosing, who ohtamed it by tlie action of phosphono nenta 
chloride on benzoic chloride, to which it is related in the same manner as A 
benzol to benzoic hydride . “ tmoru- 

C*S^C0C1 + P01“ CW.CCl- + P0C1> 

chloride trichloride. 

To prepare It, benzoie chloride is heated with pentachloride of phosphorus to 180° 
for 48 hours It is also formed by the action of chlorine on chlorohenzol (Cahours 1 
Benzotriohloride 18 a liquid smelling like benzoic chloride, and boiling at 21,50 _ 
218°. It IS insoluble in water, by whicli, however, it is converted (slowly in the cold 
qnickly at 140 ) into benzoic acid.— SoA'am does not act upon it, even at tho boiling 
heat -Dry converts it into benzoic anhydride; u^th sdver-ox.de moistened 

with alcohol, it forms benzoic acid and benzoic ether. Wlien heated with cdcohol to 
1 30°, It likewise yields benzoic acid, according to the following equation • 

+ 3(0=H“.B:.0) .= G'H'O* + SG^H'Gl + B:>6. 
SulphydraUof potaadum in alcoholic solution acts upon it, with evolution of heat 
fbrmi ng a cryatamsahlo snlpho-compomid, not yot investigated. 

Benzotncldoride heated to 140°, with aqueous ammmia, yields a We quantity of 
benzonitole, hebaiingm this respect .pist like chloroform: ^ ^ 

C’H»C1» + NH> = C’H“N -P SEGl. 
like cldoroform with ethylate of mdiwti, forming a compound (boiling 
at 220°— 226°), nhalogous to the so-called tnbasic formic ether f " ' S 

C’ffCl’ + 3G'H»NaO = 31TaGl -p 

With aoeiate of stiver, it forms, m the first instance, a compound, G'*H“0* which 
may be regarded either as an acotyl-compoimd analogous to the ethyhe 

etber just of acetic and aoetohenzoio anhydride, 

0®O I • C*H»0 { ° decomposes easily, apparently with separation of 

acetic anhydride, and Wpcrystallmo compound, which has the composition of aceto- 
benzoic anhydride, separates, after a while, into acetic and benzoic an- 

hydrides. (Limpricht ) 

With a^iiliiie, 


richloride forms a base, = (0«H?= which yields 


orystallisablo salts (Limpricht.) 

TETniOHnonoToinuNa, C’H'CB and its isomers.-A body having this com- 
position, and probably consistmg of tnchlorobenzyhc cUorido, C'H'GP CH'Ol i« fnnnd 
among the products of the action of chlorme on toluene It forms needles, molting at 
:K2'^0n“rr^^ Itisnotdeeomposed 

GUorohcnzow imhh^e, 0»H’GimGGl«, the analogue of tho true chlorobenzoio 
acid, ,is prodiiced (togetlior with henzotrichloride) by the action of phosphoric pLto! 
chlonde on chlpnde of benzoyl It is a liquid, boiling at 260°, not solidifying at 0° 
and converted mto chlorohenzoic acid by beating with water (Limpricht)^ IdentiLil 
with this IS the tct™liloride, vrh,ch was found by Kiimmerer and Caiins (Ann 
Ch. Pharm e^. 168) among the products of the action of phosphoric pentach oricle 
on chloride of benzoyl; also tlmt which Oahours obtained (Jiid ^Snppl.^m 26.n by 
the action of chlonno on chlorohenzol Kolbe and tantemann hhi oxy WS hv 
distilling salicjlic acid with pentachlonde of phosphorus, obtained a tetaohloridl 
ibomenc with tho preceding, and perhaps consisting of 0“H*G1H CCl^ It molf-pd nf 
30-. and, when heated with water to 150°, was converted into chloro Xlic acid 
iflomonc with cliiorobonzoic acid (See p. 185.) ui-ubiuyiic aeia, 

PENTACHLOROTonnENE, aiPCl\~A body having this comoositiou T. 

BenUe(in.rcT pS xTif thK ^y 

lene (itom ,eln-halsam). A body if tho 
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tlisrewitli, -wii obtained by Oahours, by treating chlorobenzol with chlorine. It forms 
Bilky needlea, whieh eublima without decomposition, and may be recrystallised from 

Eeapecting the dihydroohlorate and trihydroehlorate of pentachlorotoluene, obtained 
by DeviUe, see i. 574 

Bthyltoluene, C=H'» - C'H'fO'H'’) » 0»H*(C*H*).0H» (Glinzor andFittig, 
Ann. Oh. Pharm oxzxvi. 803 , Jahresb. 1866, p. 637.) — This compound, homologous 
with etliylbenzene or phenyl-ethyl ^w. 484 J, is product by the action of sodium on a 
mixture of bromotoluene and ethylio bromide. It has a pecuhar odour, like that of 
methyltolnene l^mfra), boils at 169° — 160°, and has a specifte gravity of 0-8662 at 
21°. From the iaomenc body cumene (obtained from cuminio acid or from coal-tar), it 
IS distinOTished by its boiling-point (cumene boiling at 144° — 148°), and from mesity- 
lene, with which it is bkewise isomeric, by its behaviour with reagents — Cold fuming 
mtnoamd converts it into an oily, non-distillable nitro-compound, probably C”H'“(jN' 0’)“. 
— With warm acid, it forma trinitro-ethyltoluene, C^E'fNO*)*, which separates m 

large apparently rhombohedral crystals, molting at 92 °. — Ckromw octd oxidises it to 
terephthalic acid 

Bydrozyltoluene. Cresol. CresyUo Alcohol. Gia'O = C“H'‘(OH) OH“. — 
This compound, iaomenc with henzylio alcohol, 0”H‘ OH’(OH), and related to toluene 
in the same manner as phenol to benzene, has already been described, under the last- 
mentioned name (li. 108), as a colourless, strongly refracting liquid, obtained from 
coal-tar and the tar of fir-wood. It is, however, produced m a state of greater purity 
from toluidine — namely, by treating nitrate of toluidine with niti-ous acid, converting 
the resulting nitrate of diazotoluene mto sulphate, and deconmosing this compound by 
boiling with water (p 867). As thus prepared, it is solid and crystalline. 

The nitrooresols are described under Cbbshio Aicohol (ii. 106). Amidodi- 
nitiocresol, 0’H‘(NO“)*(ilH^), is produced by saturating an alcoholic solution of 
trinitrooresol, first with ammonia, then with siilpliydric acid gas. The deep red liquid is 
evaporated to dryness, the residue exhausted with ammonucal water, and the filtered 
solution acidulated with very dilute sulphuric acid, whereby the amidodinitrooresolis 
thrown down as a very dark-coloured precipitate, which may be purified by repeated 
cryslnllisatiou from hot water or hot olcohol. It then forms yellow needlea, which dis- 
solve but sparingly in hot water, are nearly insoluble in cold water, but dissolve easily 
in alcohol and in ether. The salts of amidodinitrocresol are, for the most part, but 
slightly soluble — ^The magnmum-salt is the most characteristic , it separates, on 
mixing concentrated solutions of tlie aromomum-salt and magnosium-siUphate, in 
small oi-ystals, the solution of which in warm water yields the salt in needles an inch 
long. (Kellner and Beilstsin, Ann. Ch. Pharm cxxviii. 164.) 

aietbyltoluene, C®H‘" = C'H’(CH’) = C“H‘(CH*) CH’ (Glinzer and Fittig, 
loa oit ) — This compound, isomenc with ethylbenzene or phenyl-ethyl (iv. 484), is 
prepared, similarly to the latter, by the action of sodium on a mixture of bromotoluene, 
meftyho iodide, and ether, perfectly free from water and alcohol, and cooled with ice. 
It IS a colourless mobile liquid, having a peculiar odour, not like that of benzene, a 
specific gravity of 0-8621 at 196°, and boiling at 139° — 140° (six or savon degrees 
higher than ethylbenzene) It is probably identical with xylene ft-om coal-tar oil, and 
forma with fuming sulphuric acid a sulpho-aoid, whose harium-salt c^stallises, like 
the xylene-sulphite, m spherical aggregations , the potassium-salt, C’H’KSO*, forma 
silky laminm. 

By oxidation -with chromic ac«i, methyltolnene (like xylene) yields terephthaho acid, 
C"H“Ob whereas ethylbenzene yields benzoic acid 

Motiliyltoluene, warmed with fuming nitric acid, forms two isomenc dinitro-oom- 
pouuds, G“H“(NO“)’, one of which melts at 123 5°, and crystallises in long capillary 
needles , while the other, which melts at 93° (like dmitroxylsne), forms largo, colour- 
less, monochnic crystals When methyltolnene is dropt into a mixture of 2 vols. 
nitnc and 1 vol fuming siilpliunc acid, cooled at tho commencement, trinitromo- 
thyltoluene, 0’H'{170’)’, is formed as a white precipitate, which separates from 
alcohol in rather large stellate crystals, melting at 137°. 

Dioxymethyltoluene, C’H'®0’ = C’H“(CH’0)’. — ^Already described as me- 
thylate of benzylene (i. 677). When heated with acetie acid, it is converted into 
benzoic hydride and methylio acetate . 

C’H»(CH'0)'‘ + 2(C’H’O.HO) = CffO + 2(0’H«OOH”O) -i- H’O. 
Hydrochloric acid likovpiso converts it mto heuzoio hydride. (Cannizzaro, Bull. 
Soc Ohim [1866], 11 . 218) 

Nitrotoluenes (i 674). — Monomtrotcliiene, CW(^0'’),is there described as a liquid; 
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tut, according to Jaworsky (Jutrest. 1866, p. 642), a purer product maybe obtained 
by diBBolTing ordinary nitrotoluene in fuming Bulphunc acid, and treating the product 
mth. 'water, -whareupon nitrotoluene-sulphime acid (p 860) remains dissolred, and pure 
nitrotoluene is precipitated , also by redistilling the ordinary product of the action of 
nitric acid upon toluene, and collecting the portion -which distils above 240°. It 
Boparatea from alcohol, in white shining ciyBtals, which molt at 64°, and distil -without 
decomposition at 238°. 

Cliloromtrotolvme, C''ff(NO=)Cl.CH“, is formed by the action of fuming nitric acid 
upon chlorotoluene. The isomeric compound rntrobemylu Monde, C“H<(S'0'').0H*C1, 
is formed in like manner from honwylio chloride. It crystallisos from alcohol in fine 
colourless laminae Chromic acid converts it into nitrodrneyho acid. 

BeuzyUo chloride, treated -mth fuming nitric acid, likewise yields an ody liquid, 
slightly soluble in alcohol, which has not been much examined. This liijuid, treated 
with eliromio acid, also yields nitrodracylic acid (Beilstoin and Geitnar, Bull. 
Soe. Clum. [1866], ii 469.) 

2nnitrotoltime, C’H''(NO®)*, is ohlmned by keeping toluene m a state of gentlo 
ebullition with fuming nitric acid for several days, and precipitating -with water. It 
forms white needles, which melt at 82°, are vary slightly soluble in eoU, easily 
soluble in boiling alcohol and in ether. It is isomenc with ehrysanisio acid. 
(Wilbrand, Ann. Oh. Pbarm exxviii. 178.) 

Oxytollo Aotd, — ^An acid isomeric -with oxyhenzoic and salicylic acids, 

produced by oxidising toluene with dilute nitric acid (iv. 321). 

Sidphitr-derivaiives of Toluene, and Compounds isomenc tmtii them. 

Maroker (Ann. Ch. Pharm. cxxxvi. 79; Jahrosh. 1865, p. 648) has obtained a 
toluenio sulpbydrate analogous to cresol, and the isomeric compound, benzyho sulphy- 
drate, analogous to benzyho alcohol ; also toluonic disidphide, and tho corresponding 
benzylio disulphide; and bensylic protosulphido, to which no correspomHng toluene- 
compound has yet been produced 

Semyho8ulphydrate,G’E.‘S=^^ |s = CHbOff^SH), is obtained by mixing 
an alcoholic solution of potassic sulphydrate (or sulphocarbonate) with olilorotoluene 
or bromotoluene (? benzylic chloride or bromide), adding water after 24 hours, and 
rectifying the od thereby precipitated (Mdrcker, Ann, Oh. Pbarm. oxxxvi 76; 
Jahresb. 1866, p 643). It is a colourless strongly re&active liquid, having a dis- 
agreeable alliaceous odour, and makes the eyas water. It has a specific gravity of 
1-088 at 20°, and bods at 194°— 196° It decomposes mereuno oxide, forming tho 
compound C“H“Hg’'S*, which crystallisos from hot absolute alcohol in long neodlos — 
With mereuno Monde, in alcoholic solution, it forms a precipitate containing 
Hg"CP — ^With aoeiaie of lead, in alcoholic solution, it forms a crystalline 
precipitate of plumbobenzyho sidphydrnte, C“H'''Pb''S, -with silver- and eadmnmi- 
salts, wlute precipitates , -with mckel- and copper-salts, green precipitates ; and -with 
iron-, cobalt-, platimm-, and gold-salts, brown precipitates. Benzylio sulphydrate is 
converted, by exposure to the air, into benzyho sulphide (p 869). 

Toluenio or Metabeneylio Sulphydrate, 0''H*(SH).0H®. (Maroker, loe. 
at — Jaworsky, Jahresb. 1865, p. 642) — ^This compound, isomeric -with the 
preceding, is prepared by distilling tolnone-aulphochlowde, C’H'S0'’01 (p. 859), 
with zinc and dilute snlphurio acid. It then passes over -with the vapour of 
water, whde the less volatile toluenic sulphide remains behind. It crystallises 
very easily from ether, in lai^go white lamm®, unctuous to the touch, and ha-ring 
a pocidiar odour. It is very soluble in ether, sparingly soluble in alcohol, in- 
soluble in water ; melts at 42-6° to 43°, volatilises easily -with vapoim of water, and 
distils by itself without decomposition. The alcohohe solution becomes boated in 
I contact -with mereuno oxide, and forms the compound 0"H‘^Hg''S’', which oryataUises 
m larainte haring a satiny Inatre, -with mercuria chloride, it forms the compound 
C'*H‘*Hg"S*.Hg’'CP. — Lead-salts throw down the compound 0“H'‘Pb"Sb in orange- 
yellow flocks — Silver-salts form a siskin-green, platimc ehlonde an orange-yellow, 
auric ehlonde a light-groou, niehd-salts a green, copper-salts a green, and Monde of 
cobalt a violet precipitate. Tolnylonio solphydrato dissolves in warm concentrated 
sulphurio aoid, -with evolution of sulphurous anhydride, forming a deep-blue solution, 
from which water throws down a reddish resinous body, redissolvod with blue colour 
by sulphuric arid Benzylic sulphydrate does not exhibit tins rsnotoon (Marcher ) 
BoBzyho sulphydrate is oxidised by strong nitric acid, forming sulphurio acid, banzoia 
hydride, and small quantities of other products Toluylenie sulphydrate, on the other 
hand, when added to nitne acid of specific gravity 1-3, is converted into toluylenie 
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dioxysulphide, O'WO’S^ -while nitrotoluene-sulphoric acid remains in solntiSn, 
(Mdrcker.) 

5i3»^yijo/S'«lyj7jade, (0’H’)*S ■= Q„®aQ^|s. (Marcker, ion. oU.). — ^This com- 
pound IS produced by the action of an alcoholic solution of potassio monosnlphidc on 
chlorotoluene (more ]jTobably tolylic or benaylic chloride), and separates, on dilution 
with water, as an oily mass, which soon solidifies. It is insoluble in water, but 
(hssolves easily in cdcohol and etlwr, and crystaUises, by slow CTaporation of its solu- 
tions, in long needles by rapid cooling, in shining laminse. It melts at 49°, Tolatihses 
without decomposition, and is not precipitated by metallic salts. When added to 
cooled mine acid of specific graidty 1-8. it is converted into oily oxybenzylie sulphide, 
(C’H’)’SO, which becomes crystalline on bemg mixed -with water Benqflic sulphide 
boded -with mine acad of specific gravity 1‘3, or treated -with stronger aqid, dissolves 
almost completely, -with foimation af sulphuric, benzoic, and nitrohenzoio acids, and a 
small quantity of a yellow acid, the barium-salt of which ciystalhsos in yellow laminse. 

Benzyho sulphide, subjected to dry distiUation, gives off a largo quantity of sul- 
phydrio acid gas, and yields (at 200°) a distillate, consisting of tolueno (boiling at 112°) 
and benzyho sulphydrate. Between 240° and 260°, tolylene, O’H*, passes over, sohdify- 
ing in the oryshiUme form as it cools , and at still higher temperatures, the distillar 
tion being ultimately conducted in a current of air, two other crystalline bodies collect 
in the neck of the retort— viz., tolallyho sulphide, (0’H‘)’S (p 861), and a body con- 
sisting of which is insoluble in water, very daringly soluble in absolute 

alcohol even at the boiling heat, more soluble in ether or benzene, and crystallises in 
long white needles , it melts at 180°, snbhmes in needles or laminse, and is, perhaps, 
identical -with Laiuent's thionessal (p. 770). 

Bensylio Owysulplnd e, (C’H’)'03, formed by the action of cooled nitric acid on 
benzj’ho sulphide, crystallises from hot water, or from alcohol, in laminse having a satiny 
lustre, melts at 130°, and sohdifies again at the same temperature. It dissolves 
readily also m ether, and melts under boiling water before dissolving. (Marcker.) 

Benzylio Bis aly hide, 0'^H‘^S* = S’, is formed, os above mentioned, 

by the oxidation of benzylio sulphydrate in contact -with the air, more quickly on 
evaporating a solution of the sulphydrate containing ammonia, or by the action of 
potassium-disulphide on chlorotoluene (ben^lio diloride), in alcoholic solution. It 
crystallises in white shining laminse, melts at 66° or 67°, dissolves easily in ether and 
111 boiling alcohol, but not in water It decomposes when heated, yielding the same 
compounds as the mouosulphide, and is reconverted by nascent hydrogen mto hen- 
zylio sulphydrate. It does not precipitate metalhc salts. (Mfirckor.) 

Toluenio or Meia'henzylio Bisulphide, isomeric with the 

receding, remains in the residue obtained in preparing toluenio sulphydrate 
from toluene-sulphoehloiide, and is hkewise formed, on evaporating a solution of 
toluenio sulphydrate in alcohoHo ammonia. It crystallises in lai'gs needles or 
lanuuse, melts at 41°, is insoluble in water, but dissolves easily in hot alcohol, 
and especially in ether. By hydrogen it is reconverted into toluenio sulphydrate. 
(Marcker.) 

Benzylio Bio tey sulphide, C”H”0’3’, produced by the action of nitric amd on 
toluenic sulphydrate (p. 868), is insoluble in water and m aqueous potash, hut dis- 
solves in ether, alcohol, or benzene, and crystaUises in large transparent prisms, which 
melt at 74°, sohdify again at the same temperature, and when quickly heated, hium 
with brilliant seintiUation. The alcoholic solution of this compound is not precipi- 
tated by mercuric chloride. (Marcker.) 

TOI.UXlM'E-Stri.PKAmxDE. C’H’.SO’ IIH’. Syn. with SoiraoToinoLAMiDB 
(p 627).— Produced by the action of aqueous ammonia on toluene-sulphochloride or 
toluene-sulphobromide 

TOI>VEHE-SVI.PHOBROI«Il>E. C"H’SO^p (Otto, Zeitschr. f Obem. 
1866, p. 667.— Otto and V. Gruber, thud. 1867, p 222.)— Produced by the action 
of bromine on toluene-sulphurous acid (p 860) suspended in water. It forms long, 
oblique, rhombic prisms, insoluble inwater, easily soluble in ether and in benzene, and 
melting at 95° — 96° By warm absolute alcohol, it is converted into ethylic toluene- 
suljihate , by potash into potassic toluene-sulphate , by ammonia into toluene-sulpba- 

Tox.trBHE-strx>PKOCKX.ORXl>B. G’H’SO^Cl (Pittig, Ann. Ch. Pharm. 
cvi. 280 — Marcker, tW cxxxvi. 79 — J aworsky, Zeitschr. f. Ghem 1866, p 221. 
— Otto, liiif 1866, p 667.) — Obtained by triturating toluene-sulphate of sodium with 
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an equal 'weiglit of phosphoric pontachlorido, and repeatedly washing the product with 
■water. It is insoluble m water, but dissolves in alcohol, ether, and benzene, and 
eepaiates from ether m beautiful rhombic plates, or sometimes in largo prisma. It 
melts at 68“ — 69°, and boils, -with almost complete decomposition, at 260°. 

It is acareoly attacked by water in the cold, but is slowly decomposed on boiling, 
and quickly 171160 heated -with it in u sealed tube to a temperature above 100°, yield- 
ing hydrochloric and toluone-sulpbiinc acids. The same decomposition is produced 
by prolonged boiling ■with alkalis m aqueous solution, rapidly in alcoholic solutimi. 
Tbo chloride acts gradually upon alcohol, oven in the cold, forming ethyltoluene- 
sulphate. With aqueous ammonia and solid ammonium-ciirbonate, it easily forms 
toluone-aulphamide. When a solnbou of tolnsne-snlphochlonde in pm-e and dry 
other is treated with sodium-amalgani, toluene-snlphurons acid is prodneod. The 
chloride, treated -with zinc and dilute sulphune acid, yields toliiene-sulpbydrate. 

Toluene-sulphoeblonde dissolves without alteration in a mixture of nitric and sul- 
phuric acids, and is not attacked hy strong nitric acid, even at the boding heat. When 
distilled, it gives off enlphurons anhydride, and yields a liquid distilSto, prohahly 
consisting of monocldorotoluene. 

T01iVX:Ni:-Stri.PHimiC, TOX,trO£.SVWKTTKIC, or SirJlPH0T01.tnEC 
ACro. C’H»S0’ = C’H’.SO»H = C»n‘|g^g. (Deville, Ann. Ch l>hiiiin. 
xlw. 306. — Church, Jahresb 1856, p. 634. — Eittig and Tollens, Ann, Ch Pliarm. 
exxxi. 310 — Marcker, t6ni. exxxvi. 86. — Jaworsky, Zeitsohr, f Ohem. 1866, p. 
220. — Otto, tiid 1866, p 666.) — ^This acid, already partly dosenbod as Benzitlsui- 
FKtraous Aoin (p. 663), was discovered by Be-ville, ■who obtained it by the action of 
fuming Bulpburio acid on toluene from tolu-balsam It was afterwards prepared in 
like manner by Church, though in an impure state, from the toluene of ooiil-tar , and by 
Plttig and ToUens from syntbeticaUy-formed metbylbonzene or pbenjl-methyl (iv. 
488). Otto obtained it by oxidation of tolueno-sulpburous acid, and Marcker pi’o- 
duced It, together -with nitrotoluene-sulphurie acid, by treating toluene-siilpbydrate 
with nitric acid A few of its salts have been examined hy Jaworsky. 

The barium-sali, 0’'II''Ba''S*0“, obtained by dissolving toluene in fuming sulphune 
acid, neutralising with water after a few days, and saturating ■with carbonate of 
barium, forms crystals, permanent m tbs air, easily soluble in water and in alcohol — 
The lead-salt, 0”H'*i’b''S^‘0“, usually forms nodular crystalline masses, but may bo 
obtained, by slow evaporation, in needle-shaped crystals , it is easily soluble in water 
and in alcohol 

Ethyko tolaeae-sulpliate, C’H’ SO*(C'H*), is easily produced hy the action of tolueno- 
Bulphochlorido or toluene-sulphobromide on alcohol It is insoluble in water, hut 
soluble in alcohol and ether, and crystallises in fine thick prisms, which melt at 32°. 

A-midatoluene-sul^hurio AcidyCWI^EE^ SO’H Syn.with Sulfhotoltiamio 
or BENzmsoLFSAMio Acin. (See Sdlmtobous Ethees, p. 627.) 

mtrotoluone-sulphurto Acid, 0’II”(NO’').SO'H = C«ff (NO») | 
appear to bo two modifications of this acid, tlio one produced from nitrotoluene by 
the action of fuming sulphuric acid, the other by that of nitric acid on toluene- 
Bulpliydrate, being evidently formed by the nitration of toluene-sulpburio acid. But 
the two acids have not been sufflciently examined to render their separate existence 
a matter of certainty. 

Mtrotoluenc-aulphuno acid is produced by treating tolueue-sulphydrate -with nitric 
acid, of specific gravity 1‘3, andremaine in solution, while toluene-disulphide crystal- 
lises out (p 869). By evaporating the solution, it is obtained in deliquescent crystals. — 
Its harium-sait, [C’H“(NO^)SO*]®Ba",2ffO, forms colourless, trauspareut, four-sided 
tablets, winch dissolve easily in hot, slightly in cold water, ai'e insoluble in alcohol, 
and give off their water of crystaUisation atll0°.— Thefead-sflit. [C'H*(NO“)SO®pPb". 
4H“0, forms transparent, very bulky, crystalline laminrn. (Marcker.) 

Taramiroiokiene-sulplmm acid is produced by gently heating nitrotoluene -with fum- 
ing sulphune acid. Its barmm-aalt forms shining pale-yellow crystals, which contain 
[C»H*(N0’)S0']W'.3B;''0, and give off their water at 110°. (Ohurcb; Jawor- 
Bky.) 

■roi.TrBirB.aTriPHUiiotrs aoib. C’H'.SO'H = Tdlylsul- 

jihiroKs or SencylsulphuTtm Hydride. (Otto, Zeitacbr, f. Chem. 1866, p. 665.)— 
This acid is obtained, similarly to the homologous compound benzene-sulphurous iicid 
or phenylsulphtmous hydndo (p. 601), by treating toluoae-siilpbochlorido, dissolved in 
ethor free from vrater and alcohol, \nth aodmm-amfilgam, and decompusuip; the reeult- 
iiig sodium-salt with hydrochloric acid. [At the same time there is formi'd secoudavy 
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prodiuit, hantig the empirical formula C"H'"SO'‘, ■which dissolves in hot alcohol, and 
crystallises therefrom m oblique rhombic prisms, melting at 76" — 70° ] 

Toluene-sulphurous acid crystallises from water in rhombic tables, unctuous to the 
touch, and having a brilliant satiny lustre ; or from dilute solutions in long needles 
■united in large tufts. It melts at 85°, dissolves sparingly in cold water, easily in 
boiling water — also in alcohol, ether, and benzene. 

It IS easily converted by oxidation mto toluene-sulphuric acid, this effect being pro- 
dued even by the oxygen of the air, though not so quickly as with benzene-sulphurous 
acid, "^on immersed iu water, and subjected to the action of chlorine (best at a 
moderate heat), it is converted into toluene-snlphoehlonde, hydrochloric acid being 
formed at the some time. With bromine, m hke manner, it yields hydrochloric acid 
and toluene-sulphobromida 

Tolnene-sulphites. — ^The ianum-siiH, (C’H’SO®)®Ba", is anhydrous, and crys- 
tiilhsea iu small shmmg lamin®, slightly soluble in cold water, more soluble in hot 
water and m ether. — The oaloitim-saU, (C’H’SO’)’Ca" SH'O. resembles the barium- 
e.ilt in form and aoluhihty — ^The sUver-aalt, G'H’SO’Ag, forms anhydrous iridescent 
lammse, somewhat soluble in boiling water. 

Ethylw tohme-sulphtic, O’H’ SO“(C’H“), is easily produced by heatmg the acid with 
alcohol containing hydrochloric acid. It is liquid, insoluble in water, easily soluble in 
alcohol and ether. 

TOIiTJEWYIi. Syn with Tolyl or Benzyl. 

XOIiU-BiraEWiri,. Syn. with EneBNo-iOLma Auhydbidb (ii. 606). 

TOZitrGXi7CZO ACID. Syn ■with Tolubic Aom 

T01.TIIC ACIB. C'H'O* » (KekuU). 

Tolwho Actd. Jbluylic Acid. (Noad [1817], Phil Mag. [3], rxsii. 19.— Kraut, 
Smertaiion iiher Cmnnol und Oymm [Gottingen, 1864], p 20 — Cahours, Ann. 
Ch Pharm cviii 316. — Cannizzaro, ihid, xcvi. 246, cxix. 263; cxxiv. 262; 
Jahreab. 1861, p 421 ; 1862, p 267 — ^Moller and Strecker, Ann. Ch. Pharm. cm. 
64.— Temple, %id oxv. 277.— Griess, iJtci civil. 61— Bailatein and Yaael de 
Schepper, %bid. onivu. 301; Bull Soc Chim. 1866, i 286 — ^Kekul6, tiid. 1866, 
11 48 ) — An aromatic acid, homologous with benzoic acid, and laomeric with aniaylous 
acid and methyhe benzoate It la produced : 1. By the action of dilute nitric acid on 
oymene (Noad), or lyleue (Bei latein) . 

0'"H“ + 0» = C>H‘0’ -4 C=ffO‘ + 2H*0. 

Oymene. Oxalic 

C'H'o + 0« .. C«H»0’ + H'O. 

Xylene Tolulc 

2. Synthetically by the action of sodium and oarhomc anhydride onbromotolnene (Ke- 
C«H%CH» + Na» -4 CO' =. NaBr + C«H<.CH«.CO'Na. 

The toluio acid obtained by either of these three processes exhihita ciaotly the same 
properties, and is the true homologue of benzoic acid. A modification, called alpha- 
toluic acid, differing from toluic acid in some of its properties, but agreeing ■with it 
in composition, andin the essential character of being resolved by heat into toluene and 
carbonic anhydride, = C’H“ + CO’), is produced by boiling vulpic acid or 

cyanide of benzyl with alkalis (Cannizzaro) Another modification, obtained by 
Griess, by the action of nitrous acid on an alcoholic solution of amidotoluic or oxyto- 
luamic acid (iv 321), has been regarded as homologous with sajjlic acid ; butas this 
acid has l.itely been shown to be identical with benzoic acid (p. 186), it is probable 
that the toluic acid obtained by the last-mentioned process is like^wise identical with 
ordinary toluic acid 

Pre/pamtum of Toluw Acid . — 1 Prom oymene — One pt of oymene is distilled in 
a capacious retort with 4 pts. of a mixture of common nitric acid with six times its 
volume of water, the distillate’ being repeatedly ponred back into tho rotort. The 
reaction takes place quietly, the oil first becoming blue, then dark-yellow, then viscid, 
and finally sinking to tho bottom. The operation is finished when the drops of oil, 
which at first float upon tho distillate, are leplaccd by white crystals, and on cooling 
the retort becomes filled with these crystals (N o ad). It this method (which, requires 
continuous hoihng for a week) la exactly followed, and the toluic acid, as it is 
formed, is removed, Bo as to prevent any further action of the mtne acid, the acid i» 
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obtamad perfectly pure (Eraiitl. — The toluie acid is the purer the weaker the nitric 
acid, and the mote slowly the distillation is conducted ; stronger add acts violently , 
and forma nitrotoluio acid, which is difficult to aeparato. In order to effect the sepa- 
ration, the mucture is first freed fl'om nitric acid and a yellow reain, by boiling with 
milk of lime ; the fllteradaolution of the calcium-salt is thou precipitated by hydrochloric 
or nitric acid ; the precipitated acids are dissolved m baryta-water, and evaporated on 
a water-bath ; the residue is treated with water ; the solution filtered from the nitro- 
toluate of barium, which is diflficultly soluble, is next evaporated, again treated with 
cold water, and filtered ; and this treatment is repeated till no more uib’otoluate of 
barium separates out , the liquid is then precipitate by an acid, and the product is ra- 
cryatalliaod. (Koad) 

2, From xylene — The hydrocarbon is oxidised, as in the preooding process, with 
nitric acid diluted with five or six times its hulk of water, and the product is freed 
from the small quantity of nitrotoluic acid, formed at the same time, by distillation and 
treatment with sulphide of ammonium. (Beilstoin and DeSohepper.) 

3. From toluene, — ^Bromotolueno, mixed with toluene, is introduced into a long- 
necked flask, provided with an upright condensing-tube , sodium, in quantity rather 
greater than that required by theory, is added in smaE pieces ; the whole is heated in 
a water-bath ; and a stream of carbonic anliydride is passed into tbo vessel for 24 to 
48 hours. The sodium soon becomes covered with a blue crust, and is converted into 
a pasty mass of the same colour. As soon as the reaction is finished, the product is 
treated with water, the solution is filtered, to separate oily matters, consisting of un- 
altered toluene and bromotoluone, together with secondary products , and the filtered 
solution of sodinm-toluate is acidulated with hydrochloric acid, to precipitate the toluio 
acid. (KekulA) 

Properim — Toluic acid is precipitated from the solutions of its alkaline salts by 
acids, as a white cuidy mass, which appears orystalline under the microscope It is 
very soluble m boiling water, and crysWhses therefrom in needles on cooling. It dis- 
solves very readily also in alcohol and ether. When pure, it is tasteless and inodorous 
It melts at a temperature above 100° (at 176° to 176'6°, according to K ekul4), and 
sublimes, without decomposition, m fine needles. 

Pecompotitwns . — Toluio acid, heated with hrm or baryta, is resolved into toluene 
and oarbonio anhydride . - C’H' -t- CO*. — ^When boiled for some time with 

strong nttm aojd, it is converted into nitrotoluio acid. — ^By distillation with penta- 
ctor&e of phospitoraa, it yields toluie chloride, C'H’OCl (Oahours). — When intro- 
duced into the animal organism, it passes into the urine as tolaric acid (p 868). 

A mixture of toluate and formate of calaum yiolda by distiflation, toluio aldehyde, 
C*H*0 (Oaanizsaro,p. 864). 

0»H'*Ca"0* + C*H»0a''0‘ - 2C«H»0 + 20a''C0*. 

Toluate of Fomnnte of Toluyllc 

calcium calcium. alilch)<le. 

Tolu at es. — Toluio acid is monobasic, and its salts are mostly oiysballine; they have 
not, however, been much examined.— The ammomum-salt forms small prisms. — The 
barium-salt, obtained by neutralisation, forms oonfnaed crystals. — The 

calcium-salt, 0'*H“Ca"O*, separates from its concentrated aqueous solution m long 
shining noodlee. — The cupnc salt, C''Ht''Cu'’0*, is deposited, on mixing the potassium- 
salt with cupric sulphate, as a blue precipitate, slightly soluble in water. — The potas- 
sium-salt, obtained by neutrahsation, forms long shining needles. — The silver-salt, 
■CTH’AgO*, is obtained, by double decomposition, as a curdy precipitate, orystaUising 
from hot water in small needles — The sodium-salt is more soluble than the potas- 
sium-salt, and does not crystalhso. 

Senvatims of Toluvt Acid. 

lonoTOLUio A cm, C“H’IO*. — Produced by the action of hydriodic acid on diazo- 
tolu-oxytolimmic acid (iv. 322). It forms white laminm or needle's, slightly soluble 
in water, freely in alcohol or ether, (G-rioss.) 

HiTEOTonnio Aoid, C‘H’(]!tO»)0‘— This acid is easily produced by boilmg toluie 
acid with strong nitric acid. It may also bo prepared directly from oymene, by boiling 
that hydrocarbon with the strongest fuming nitrie acid, as long as red fumes are 
evolved. The residue deposits a large quantity of crystals on cooling, and gives a con- 
siderable precipitate when treated with water; the whole msss is then washed on a filter 
with cold water, then digested with ammonia and filtered, whereby a little oily matter 
is sepsiated. The filtrate is decomposed with bydroehlorio acid; the precipitated 
nitrotoluio aeid is washed with water, dried, dissolved in hot alcohol, and boiled with 
animal charcoal , and the filtrate is left to evaporate. 

Nitrotoluic acid forms beautiful pale-yellow rhombic prisms, slightly soluble in Cold 
water, soluble in hot alcohol. 
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Mtrotohatt, of Ammonium forms long needles , it easilj gires up part of its am- 
moma. and the whole when boiled with animal charcoal. — ^The barium -salt, 
is thrown down, on mixing the aminoninm.salt with chloride of 
bannm, as a white curdy precipitate, which dissolTBS abundantly in hot water, and 
separates in stellate groups of needles on cooling — ^The catami-salt, C'®H“‘Oa''(l!lO®)’0\ 

IS obtained in bke manner as a crystalline precipitate, more soluble in water than the 
barium-salt, and crystallising therefrom in oblique rhombic prisms . — Capno salt, ■’ 
■ Cuprio sulphate forms, with the perfectly neutral ammonium-salt, a prompitata con- , 
sisting of a basic salt. — The potassivm-saU is very soluble, a ’ ■ ( r*- 

difflonlty in small needles — Thestiucr-eoK, C“H,“Ag^frO’)0’, is a-' ■ 1 ' - 

tate, very much hke chlonde of silver, very soluble in boihng wat I ' 

long boiled), from which it separatee in feathery crystals on cooling ; siignoiy soiunie 
in alcohol — ^The sodium^salt is uncryataUisable — ^The strontimi-saLt is veyy much 
like the barium-ealt, excepting that the crystals are larger, and more soluble in water 
<Noad.) : 

IJitrotoluic SiAars.— The etkylw ether, C»H"(C'H’)(NO’')0“ is prepared by dis- 
tilling the alcohobo eolntion of the acid saturated with hydroimlorio acid gas, fall the j, 
mixture of hydrochloric acid and alcohol begins to show turbidity with water; the>qil'ii 
remaining in the retort then sohdiftee to a crystalline mass, which, after beingwaehdd 
with carbonate of potassium and with water, ia dried between blotting-paper. Tie 't. 
ether melts in the water-bath, and forma a clear liquid, which, on cooling, solidifies it) ' 
a radiated orystalhne mass It has a pleasant odour. It is decomposed by potash into 
alcohol and toluio acid I does not form an amide with ammonia (Hoad) 

Methyho Nitrotoluaie, 0*H*(0H*)(1T0®)0'‘, is prepared like the ethyl-ccanpoimd , but, 
as It is generally contaminated with black greasy secondary products, it must be dis- 
solved m strong nitric acid, boiled therewith for a short time, and precipitated by water ; 
it then falls down in oily drops, which soon solidify in the crystaUine state, It may 
be completely purified by distillation with water, and is then quite colourless. It dis- 
solves easily in ether, and la resolved by potash into mtrotoluio aad and methylia 
alcohol (Hoad.) 

DiNiTEOToi.rio Aoin, 0*H“(II0^)’0*.— This acid is obtained by digesting nitro- 
toluio acid, for two days, with a mixture of equal parts of faming mtric and ftuwng 
sulphimc aad ; and is precipitated ftom the solution by water, in crystals, which may 
be punfled by reeryetaUisation from boiling water. — The sUver-salt, C*H’A^(H0“)=0*, 
is a white precipitate. (Temple, Ann. Oh. Pharm. civ. 277.) 

H» 

OxTTOLUAiiio Aoin, (C‘H®0 )>q or AjimoTomo Aoin, C‘H’(HH*)0’, has been 
already described (iv. 821). 

Dxaeotolu-oxytoluamie Actd, C*H*HW O^H'HO* (iv. 322) 

Appendix to Tohm Acid. 

Alpbatolulo Aoia, 0*H*0’=0*1I* OH'CO’H (Cannizzaro, Ann Oh. Pharm 
xcvi.216.— Comphrend hi. 966, liv.1226, Jahresb, 1861,p.421;1862,p 267. — ^Moller > 
andStreoker, Ann. Oil Pharm oxiii 64) — Cannizzaro found, in 1866, that by boiling 
cyanide of benzyl (i. 673), with potash-lay, an add is obtained having the composition 
of toluic acid, but maltmg below 100°. Mollcr and Strocker, in 1867, by boiling 
Tulpio acid with baryta-water, also obtained an isomer of toluic add, which they 
denominated alphatoluio acid; and Cannizzaro subsequently found that this acid 
was identical with that which he had obtained from henzylio cyanide 

Preparation — Benzylic cyanide (i. 573) is boiled with strong potaeh-ley ti'll' the 
whole IS dissolved, and no more ammonia is given off; the liquid is then diluted with 
water, and the concentrated filtrate precipitated with hydrochloric acid (OanuizzaroV 
— 2 Vulpic acid is boiled for several hours with a solution of barium-hydrate, satumted 
while warm (potash or soda would produce oxotolylio acid, iv. 217), tab the bquid has 
become colourless , the solution ia then filtered, to separate oxalate of barium ; and 
the filtrate is supersaturated with hydrochloric acid, which, as the bquid cools, throws 
down the greater part of the alphatoluic acid as a crystalline precipitate The fil- 
tered solution, when evaporated, deposits a small additional quantity of the same acid, 
together with a large quantity of barium-chlorida. 

Alphatoluio aoid, purified by reerystaUisation from boiling water, forms broad, thin, 
colourless, shining laminae, having the form of acute rhombs, very much bke benzoio 
acid. It has an odour like that of the perspiration of horses. It melts at 78 5-’, and 
gives off (even below 100°), vapours which excite coughing. It boils without decompo- 
sition at 266'6° (corrected, the temperature directly observed was 262°). The specific 
gravity of the solid aad is nearly 1 3 ; that of the fused acid, compared with water at 
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4 ° ia 1'0778 at 82°, and 1-0334 at 135° It therefore expands very strongly m 
malting. It diesolvea sparingly in cold, freely in boiling iratei', and the solution, 
saturated at the boding heat, deposits the acid on cooling in oily drops, which after- 
vrards solidify. The acid is also very soluble in alcohol 

The alphatoluates are for the most part soluble : those of the alkali-metals and 
alkaline earth-metals crystallise with difficulty, on account of their great solubility. 
The solution of the aminoniuni-salt gives a light-green precipitate with cupnc sulphate. 
— The sitiier-salt, C®H'AgO“, forms small colourless lamuuE, soluble m boding water. 

Seconipositions.—l. Alphatoluic acid is but slowly attacked by oxidising agents, but 
when boiled with ddute siilpfmru) amd and potassic cJiroynate, or rnangania peroxide, 
it gives off carbonic anhydride, formic acid, and benaoic hydride. — 2. When warmed 
with fuming mine amd, it dissolves, with transient red coloration ; and the solution, on 
cooling, deposits colourless needles of a mtro-acid, which forms yellowish solutions 
with alkalis — 3. With pentachlonde of phosphorus, alpbatolmc acid yields hydroclilorie 
acid, phosphoric oxycmonde, and alphatoluic chloride, which distils over as a 
eolouiloss heavy liqmd. This chloride, treated with nmniojiia, yields alpliatolua- 
mide, in orystallme scales moderately soluble m boiling water. 

4 A mixture of alphatoluato and formate of calcium yields, by distillation, alph.i- 
toluio aldehyde, which forms, with acid sulphite of .sodinra, the crystalline compound 
C*H*O.NaHSO“ On separating the aldehyde from thi? compoimd by carbonate of 
eodruni, and dissolving it m other, it remains in the form of a gelatinous mass By 
oxidation with nitric acid, it yields, not alphatoluic acid, but an acid which appears to 
be a mixture of beuzoic and iiitrobenzoio acids. (Cannizzaro.) 

PuraohloTotoluto A.cld, O'H'CIO" — This name is given by Vollrath (Bull. 
Sec. Ghim 1867, i 342), to an acid which he obtains by oxidising monochloioxylene, 
C*H’01, with cliiomio acid. It crystallises in slender needles, very slightly soluble in 
water, and molting at 202°.— The banum-salt, 0'“H.'®Ba''Cl''0t3n®0, and the calmim- 
salt, 0‘'‘H‘’Ga"Cl'0'' 8H*0, crystallise in slender needles, soluble in water. 

TOXiTTIC AZ.S£H-raE. = C«H’O.H. (Cannizzaro, loo. cif)— This 

body ia produced by distilling a mixture of toluato and formate of calcium (p. 862) 
The oily distillate, agitated with acid sulphite of sodium, forms a crystalline compound, 
which, when treated with carbonate of sodium, yields the aldehyde as an oil having a 
peppery odour, and boding at 204°. On exposure to the air, it gradually takes up 
oxygon, and la converted mto toluic acid. With alcoholic potash, it forms potassic 
toluato and toluyhe alcohol (p 869) . 

2C*H»0 -(- KHO » O'HTCO* -h C“H«0. 

•roiTTIO ANBTSBXDE, (CyS’OyO, IB aot known.— Sahoghto Into A tihi/- 
(C’H<0)"1 

ifniis, C“H'®0* ■= 0®H'0 10*, is formed by heating dry salicylate of sodium with an 


equivalent quantity of toluic chloride. On agitating the product with a mixture of 
water and ether till it dissolves, and leaving the ethereal solution to evaporate, it 
remains as a yellowish viseid mass. (Kraut ) 

'TOX.triC CHIiORlDB. C'H’OCl. Chloride of Oxgtoluyl or Toluoxyl. 
(Ca hours, Ahn Ch. Pharm cviii 216.) — Produced by distiihng toluic acid with 
phosphoric poutaohloride. Colourleaa, strongly refi-acting liquid, of speeiflc gravity 
1176, boiling at 214° — ^21 6°. Pumes in moiat air, and reacts with water, alcohol, and 
carbonate of ammonium like other acid cbloridea. Heated with snlicylol, it yields 
tohisalieylol (p. 170); with eugenic acid, m like manner, it yields eugenotoluic anhy- 
dride ^,11. 608). 

TOttllO ETHERS, mhylxa Uloate, C“IP(G“H*)0’, is obtained by passing 
hydrochloric acid gas into an alcoholic solution of toluic acid, distilling to about two- 
thirds, and adding water to the residue. It is then precipitated as a heavy black 
oil, which, after washing with ammonia and water, is dried over chloride of calenim, 
and rectified. It is a colourless aromatic liquid, smeUing like benzene ether, having a 
bitter taste, and boiling at 228°. (Hoad.) 

Phenylio toluatc, C“H''(C^“)0*, is obtained, by distilling salioylotoluic anhydride 
(see above), as a colourless oil, which quickly solidifies, and maybe purified by boibng 
for a short time with weak potash-ley, and recrystaUisation from ether-alcohol It 
forms white nacreous laminae, mdltiag at 71° to 72°, and smelling like gerarinms when 
heated. (Kraut.) 

TOEtTEDENB, or SEBTZYEXDEKE. 0’H“— An aldehyde-radicle, related to 
tolylene or henzylene (ii. 677), in the same manner as ethyhdene to ethylene, — ^The 
bromide, G'H*Br’, is formed by the action of phosphoric pentabromide on bitter-almond- 
oil, O'H’O (p 853). 
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By licaUng'toluidme, rosaniliiie, and other bases with bitter-iilmond-oil, compounds 
are obtained, derived from the original compound by substitution of 1 at. tolnidone for 


(C«H«y' V 

Bmizyl'dmM-rosamline, is a copper-coloured, crystalline, feebly basie 

compound, obtained by heating rosanihne with bitter-almond-oil to 100° or 120“ 
(Sehiff, Gompt rend, Ixv. 45)- The other snbstitntion-prodnets, jnsC mentioned, 
will be dcseribed under Tomnwias (p 867) and TotytiiiKE-DiA.miiH (p. 872). 

TOKTJIDES. Compounds homologous with the anilides (ir. 419), derived from 
toluidme-salts by abstraction of water, or from toliudiiie by substitution of an acid- 
radicle for hydrogen, andprodueed m many mstanoas by heating toluidme withaeids ; 




They may be regarded as amides containing the radicle tolyl or benzyl; e.g., aceto- 

toluide = tolylacetamide, C’H’ VN. See TonTmoBTAMiDB, TonrnBBNZAMinB, &c. 

H i 


(pp. 871, 872). 


TOEVIDINTE. O'HW =.dmidt)fohtene,0'H’(Nff)— A ciystallmo base, produced 
by the reducmg action of sulphydric aoid or ferrous acetate on nitrotoluene It has 
been already described as BuHZTiiAiinND (i. 676) , bnt Cannizzaro has shown that a base 
having the same composition but chfferont properties, is formed by the action of alco- 
holic ammonia on benzylio chloride (p. 867). The compound thus formed is a true 
ammonia-base or amine, and is properly designated as bonzylamino or tolylamine, 
and represented by the formula |n; whereas the base obtained by reduction of 
niti'otoluene is rather to be i eg.irdod as amidotoluone or toluidine, C'H’(NH’‘). 

Preparatwn. (See i 675). — Bor preparing toluidine on the large scale, Hugo 
Muller (Zoitsehr f Ohem 1864, p 161, Jahreab. 1864, p 423) converts commer- 
cial toluene, boiling at 108° to 114° (pure toluene boils at 111°), into nitrotolueno, by 
pouring a nuxturs of uitrio and sulphurio acids into it in a slow stream (if the action 
becomes too rapid, diuitrotolnene is also formed), and reduces this product with iron 
and acetic acid Tlie crystalhno toluidino thus obtained is freed from .idhering liquid 
base by drenolung it with the portion of American petroleum or Burmoso naphtha, 
wliichhotls between 80° and 100“ (cbiefiy heptylic hydride), and finally recrystallising 
It from this hydrocarbon. E Sell (Chem Soc. J xvi 186) prepares toluidme, m 
considerable quantity, from that portion of the residue ot the aniline manufactm-e 
(queues d!amhne), which boils below 270° (the higher portions containing pai-auiline, 
&o., IV 852), Tins liquid is distilled in a large copper retort provided with a long 
condensmg-tiihe not cooled , the portion of the distillate boiling between 180° and 
230° IS subjected to fractional distillation ; the several portions of the distillate are 
treated witli a hot solntion of oxahe acid , and the sparingly soliiblo oxalate of tolui- 
dine is decomposed by potash-ley as soon as a sample of the base separated by ammonia 
solidifes at once The brown toluidine thus separated, which crystallises on cooling, is 
washed with water, prepsed between paper, and distilled It passes over between 198° 
and 200°, and solidifies in the receiver in snow-white crystals, which gradually torn 
brown in contact with the air (Sell.) 

Toluidine boils at 205“ — 206°, under a pressure of 730 mm (Stadeler, J, pr. 
Cbom xcvi 66 ) 

Beactions . — Toliudine is absolutely incapable of neutralising dilute sulpburic acid 
(Wauklyn, iaioratory, 1 3)., When moderately heated with /Kmnp’ sirfp/ijjnc acul. 
It forms tolylaulphamic or sulphotolylamic acid, C'H"NSO“ (p 627 , Sell, 
loo. cit ). — An aqueous solution of sulphate of toliudine mixed with oyanate of •potas- 
/■nnv'i 


B, deposits white needles of monotolylcarbamide, 0’H7 j-N* (Sell). Eiuely- 


SH 
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An alcoholic solution of toltudine, heated (not above 80°) with an eqnal volume of 

(Gsy ) 

oarbania dmdp!Me, forma ditolylaulphoearhamide,(0’H’)^ IN*. (Sell ) 

H’ j 

Toluidine, fused with an equal weight of mennic aoid, forms tolylauccinimido, 

(C-H'OTl 

jjf, and ditolylsnceinamide, (C'H’)“ j-N®. (Sell.) 


A mixhiro of toiuidme and acetic acid, treated with tnchl'onde of phosphonis, yiolda 
etlienyl-dltoluidiue,* (Hofmann, see p 867). — ^With hencnc h/dnde 

(bittei-ahnond-oil), toluidine forma dihonaylideno-tolylamine, = 

H'“(G’H*)'(0’H’)’ (Schiff, Jalireab. xviii. 429)— With quuione and perchhrocpunone, 
toluidine forma compounds homologous with those moduced by aniline (Hofmann, 
IT 428 ). — A mixture of 1 at hydrochlorate of toluidino and 1 at acohinsme is con- 
verted (at 230°) into a black mass, containing, togetberwith unaltered toluidine, aruhy- 
rcd eoloimng-matter soluble in hot water, a, violet substance somewhat less soluble iii 
water, and a blue substance soluble in alcohol — With mtrobensaie, in like manner, a 
tariy greenish mass is formed, which does not contain any colouring-matters (Stado- 
ler, Jahrosb. 1806, p. 409).— Toluidine heated with half its weight of acetate qf rom- 
mline, forms tritolyl-rosamlmo or toluidine-hlue, (Hof- 

mann, IV. 472.) 

Cyanotolnidine, C‘H“N’(i 670), is resolved, hy evaporation of its hydroohlorato, 
similarly to cyamhuo (iv 4 43), into aal-ammomao, hydrochlorate of toluidine, oiamido, 
monotolyloxamide, and ditolyloxamido (Sell.) 


Serivaiivea of Tohndme contaiwmg Alcohol-radicles. 

PiiBHTiTOi,-oiDiNE, C^H^N = C’H'tC“H') NH» — This base, which Hofmann 
obtained by the dry distillation of a salt of tritolyl-rosamlmo (iv. 472), is hkewise pro- 
duced, together with diphonylamme and ditolylamine, by heating Iwdi’oehlorate of 
toluidine with aniline, or hydrochlorate of anihne with toluidine. The three bases 
may be separated by fnictionnl cliatillation, but the separation is difficult, as thoir 
boiling-points do not differ by move than 26° or 30° Pheiiyltolnidiue boils at about 
330°. (He Lairo, Girard, and Ohapoteaut, Bull Soc. Cbiia. 1886, ii. 360.) 

BENZTiToi.tJiMNiii, or ToLyLTOtTriDiNB, O'W’N S' 0’H“(0’H’) Nff. 
Bifolytomne.— Produced by heating I at hydiochlorutc of toliudme with 1-J at. of the 
free haso, to 210° — 240°, in a long-necked flask provided with a condonsing-tube, or 
more quickly by heating the mixture in a soale 1 tube under a pressure of four or five 
atmospheres. On treating the product with hydrochloric acid diluted with twenty or 
thirty times its hulk of water, the hydrochlorate of henzylloluidiue is dooomposed by 
the water, and the benzyltoluidine thus separated, floats on the surface as an oil which 
sohdifles on. ooohng, and may be piu'ified hy recrystaUisation. Tt. boils between 366° 
and 3t)0°. It forms unstable salts, which are decomposed by water. Nitric acid turns 
It yellow, a character hy which it is distinguished foom dipbenylammo (De Laire, 
Girard, and Ohapoteaut, loc. cit.) 

Dibehzyi,toiuii)ine, =■ C’H“(G’H’)*.NII“.— This base, isomeric 

with tribenzylamiue, (C’H’)H?N (i. 676), is produced by boating an olcohohc solution 
of 1 at. toliudine with 2 at henzylie chloride, and subjecting the base, separated from 
the product by potash, to a repetition of the same treatment. It oryatalbses in slen- 
der needles, melting between 64 6° and 66° (tnbenzylamine crystallises in small 
tables, and melts at about 93°). It is insoluble in water, slightly soluble in cold, 
easily in hot alcohol, and becomes yellowish on exposure to hght — The hydrochloride 
dissolves readily m alcohol, and is decomposed hy water, with separation of the base.— 
The chloroplntinate, which is also decomposed by water, crystallises from an alcoholic 
solution mixed with ether. (Cannizzaro.) 


Derimtives qf Tohudwe emtaming AldeJiyde-radicles 
These compounds are formed by the action of aldehydes on toluidino. — Diethylidene- 
ditoluidine, = G'*H'<’(C%*)’‘ (NH^)® = (C«H*)“ (C’H')’N“, obtained by 

the action of acetic aldehyde on toluidino, crystallisea in yellow noduloa, and fuims 
red resinous salts with acids — Biallyhdene-dttolmdine., is obtained 

in like manner with acroloin, as a hrown resinous mii&^.--~I)ihe7isyhtlcne^ttolu%dme, 


For Hofmann’s fijstematicnompn- 
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Cffljjsojifj „ (C'll“)’(0’H’)-N“, produced by the action of bittcr-ulmond-oil on tolm- 
dino, separates from alcohol as a yoUow, ci^stalbiie, mdifferont body, which molts 
lU boiling water, and is eouvortod, at 160° into yellow needles, melting at 120“ — 126°, 
and capable of combining with acids and chlorides. (Sehiff, Zeitsehr f Chom 1865, 
p 400) 

K/Mnyi-difol«KZ»)ic,C"'n’W=C»H"(C=H7".(NH«)». (Hofmann, Proc Boy. Soc. 
XV, 65 , Jahresh. 1865, p. 416 ) — This base, derived from 2 at toluidme by substitution 
of tho tnatomio radicle ethenyl (vinyl) for 3 at hydrOCTU, is produced by tho action of 
tnchlorido of phosphorus and chloride of acetyl oa toluldine at 160°. 

60'H»N + 3C“ffOCl + PCI" = 3C‘»H‘»N" + PH»0» + 6HC1 
When purified by reerystalhsation from alcohol, it forms white lamina), resembling the 


AzotohiiMim. 

AzoTonuiniNE, or DiA.zoToauBNu.G’H'N" =■ GTON^NH". (Grioss, Oheni. 
Soc. J. xx. 86 ) — The salts of this base (which has not been obtained in the free state) 
eichihit considerable analogy, in their properties and modes of formation, to the corres- 
ponding ambne-derivatives (iv 430), they appear, however, to bo somewhat more 
stable, and to crystallise more readily. 

Tho mifoie, C'HW NHO", is best prepared by the action of nitrons acid on an 
aqueous solution of nitrate of toluidme, but it may also bo formed from azoditolui- 
diue. It forma loug white needles, which are decomposed on boihng with water, 
according to the equation • 

C'H"N’.NHO" + H"0 = G’H"0 + NHO" -t N". 

Kltrale of Creiol. ‘ 

Azotoluldlee, 

The other salts are obtained from the lutrate in the same manner os the correspnnd 
ing phenyl-oompouuds — The ohloroplaitmU, 2(C'H"l!l" HCl).PtCP, is precipitated, in 
fine yellow prisms, on addmgplatimc chloride to a dilute solution of the hydrochlorate. 
When Ignited with soda, it yields an aromatic oil, havmg the composition of Ohloroto- 
luene, C’H’Ol. 

Tlie aul$}iate, O’H'N" SH"0", is obtained in bnlUant plates, needles, or prisms, 
acooidiug to tho oirciunstanees under which it crystalhses When heated with strong 
sulphuric acid, it gives off the whole of its nitrogen, and is converted into disulpho- 
tolyleuio aoid, 0’H'"S'0* = C’H",2SH"0*, Ihe baiiiim-aalt of which, 
eiystaUisee in long white needles — ^Tbe parbromide, C’H“N“ HBr", is precipitated by 
bromine-water from aqueous nitrate of azotoluidme, as a yellow oil, which, after 
evaporation of the excess of bromine, solidifies to a crystalline mass 

Azoditoluidinb, C'^E“N" = C*'‘H’*N'".(NH.’)", or DiAZOTOLciiNH-AiinDOTo- 
ntrEWB, J — This base is produced bypassing nitrous acid vapour through a 

solution of toluldine in a small quantity of strong alcohol mixed with two or tliree 
times Its volume of ether, till a drop of the solution leaves, on evaporation, a 
residue of yellow needles. The solution of these crystals, loft to evaporate, deposits 
the base in yellow needles, which must be washed with alcohol, and rocrystallised 
from a mixture of alcohol and ether Tho crystals have a strong lustre, and correspond, 
in solubility and other properties, with azodipheuyl-diamine (iv 469). 

The oJdoroplatfnate, 0“H“N".2HC1 PtOB, is oblauiedin glittering plates, resembling 
iodide of lead, on mixing an alcoholic solution of tie base with platmio chloride, it 
deflagrates at a high temperature (Grioss, Chem Soe. J xix. 67 ) 

AzoPKENTLTOI.DiniNB, C'H'"!!* «=• 0'“H'N"'.(NH")", or DlAZOTOLUBNE-AMmO- 
BENisENE, obtained by the action of aniline on nitrate of azotoluidme, 

dystaUises in beautiful long yellow needles (Hries s, Chem. See. J. xx. 87.) 


Appendix, to Toluidihe. 

Benzylamtue, C'H®N = | N (Cannizzaro, Bull. Soo. Chim*. 1864, li. 126 , 

1866 , 11 218.) — This base, isomeric with toluidme, is formed, together with tribenz;)!- 
anime, (0'H')"N (i. 674), and probably also with dibeuzylamme, (G’H’)"HN, by the 
action of alcohobe ammonia on benzybe chloride, C^H'd Tho mixtiiro. after a few 
d.iys, deposits tabular crystals of fnbeuzylamine, and on evaporating the filtered 
liquid in the water-bath, and treating the residue with hot water, a further portion of 
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ti'ilifnzylammo romaius undisbolrod, and fclip solution contains, together with sal- . 
.nuiuomac, the hydroehlorate of bonzylammo, and probably also of dibeuzylaimne. The 
ly ik'ocMordte of bonzylamine is sop.u'atod from tlio more soluble portion by fractional 
erysl .illisation , and the free base separated from tins salt by potash is dissolyed in 
ether, freed from ether by evaporation, dehydrated by fused potash out of contact with 
the air, .ind then distilled — the portion which gives over at 182° being coUcoted apart. 
For complete purification, it is converted into the solid carbonate by exposure to a 
stream of dry carbonic anhydride , the carhonato is washed with anhydrous ether, 
and (lissoh ed in hydrochloric acid , and the erystallisod hydrocliloiate is decomposed 
with potash as above 

Beuzjlainiue, thus prepared, is a eolonrless liquid, not altered by light, and boihng 
lit 182° — 183°. (Toluidino, described, at vol. i. p 57fi, as bcnzylamine, is crystalline at 
oidiii.iry toniporatiires, and molts at 40°) It mixes with water in all proportions 
(toluidiue IS but slightly soluble in cold water), and is sep.T,rated therefrom by potash, 
with faint yellowish colour It absorbs carbonic anhydride rapidly, forming a ciys- 
t.illiJie compound , has a strong alkaline reaction , terms white fumes with hyi'ochlo- 
rio acid, and unites with acids, producing rise of temperature. Altogether, it appears 
to be a stronger base than toluidine — Hiidi ocklorate of ion^i/lavime, O’H'N.ECl, 
ciystiillises m striated tables ; the cMoroplaiuiaU in orange-coloiired lamina. 

Sibemylamnc, (O’H’)-HN, isomeric with beuzyltoluidine, has not been isolated, 
but appears to be formed, together with mono- and tri-bonzylamine, in the process 
above desovibud. 

Tribemi/lamine, (C'H’)’N, isomeric mlh dibonzyltoluidino (p 868), has been 
alieudy described (i. 571) 

C'H'') 

Fhenyl-beneylamtne, = O'H'yN (Fleischer, Atm, Ch. Phann. 

* H 1 

csxsiiii p 225, BiiU See Ohiin. [1866], ii 230.)— This base, isomerio with Hof- 
mann’s tolylanilme (iv. 464), is produced by mixing aniline with beuzybo ohlonde 
iboilingat 170°)* Thu mixture becomes hot, and deposits white crystals, consisting 
of hydroehlorate of aniline, together with phonyl-benzylamine . 

C’H’Cl + 2C“H’N = C"H’N.HC1 + 0‘sH’*N. 

The inixtm’e must be heated to 160° for twenty-four hours, to complete the reaction , 
and oudissolimgoutthehydiuchlorate of auiliiiofrom Uie product by water, the phenyl- 
benzylamiue vemums aa an oil, which le converted hy liydroeliloric acid into crystals of 
till' hi drochlorato, C'®H'“N HCl On decomposing tbis salt with soda, and distilhng 
the iihoriitcd b.vse under a pressure of 45 milhmetros, the greater piart passes over, 
between 200° and 220°, in the form of an oily liquid, which solidiflea at a low tempera- 
ture, ,md limy he purified by pressure between bibulous paper, and recryetalliaation 
from boiling alcohol 

Phoiiyl-bonzylaiiunocr3'stalliscs in colom'less four-sided prisms, insoluble in water, 
but soluble in alcohol and in ether It molts at 32°, remains in a state of surfusion at 
12°, and boils under the ordinary pressure at u temperature above 310°. (Tolylnniline 
melts at 87-', and boils at 334°) — The hydracUoratc, SCI, forma colourless 

Cl) fatals —The oxadate, forms white lammte —The base forms, with 

Muride of cadnmm, the compound CdCP 

Plienyl-beuzj’himiue, fused With mercuric chloride, forms at first a green mass, 
•wliiJi dissolveb in alcohol ivith fine blue colour, but by the prolonged action of beat, 
this ui.iss assumes a dark colour, and then forms with alcohol a crimson solution. 

Plienj-l-beiizyhimine tre.'ited with clihnde nfhemoyb forms phonyl-benzyl-ben- 
zamiilo, (C'’1I'J(CHP)(0'E“0)H, which crjsUlhses in oblique prisms 

TOSiUOXi. S3U with Toluiine. 

T01.U0MC ACIB. Syn with Toi.mc Acid 

TOItlTOKrlTBIKB. Syn, with BuNzyLCVAinDB (i Sfs) 

XOI.UOSAI.ICiri, or TOBiroSAXilCYXiOX;. See SAxrotxoi, (p. 170). 

TOXiVOXV3<. CE'C —The radicle of tohuc acid and its derivatives. (Footnote, 
p 869.) H 1 

TOttraicAcin. C'"E»NO» = f o 

H ) 

htk And. (Kraut, Ann. Ch Pharm xcvin. 360) — An acid homologous with 
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hippui'ic iicifl, prucliioail in the passage of toluie acid through the auinml body, iiLst ns 
hippuric iieid ia formed from benzoie acid (lu 158) To obtain it, toluic acid is 
pw.ulowed in doses of several grAmmes (-winch may be done without injury to the 
hoiilth) , the neid urine afteiwards voided is evaporated to a syrup , this residue is 
exhausted with alcohol , the solution IS mixed -with oxalic acid and left to evaporate, and 
the residue is finally exhausted with alcoholic ether The yellowish toluric acid still 
contaminated with oxalic acid, which remains on evaporating tliis lost solution, is 
boiled with calcic carbonate . the calcram-snlt, which crystallises out on cooling, is 
pimfiod hy icpeated crystallisation, and then decomposed by boating it -with dilute 
hydiochlorio acid ; and the acid, which crystaUises out on cooling, is piinfiod by solution 
in boiling water It maybe obtained in large crystals, by spontaneous evaporation of 
the alcoholic solution 

Toliu'ie acid crystallises from boiling water in colourless hvminiE ; from alcohol lu 
tiiinetrie prisms, exhibiting the combination a>P ooPw Poo , also with oP ; they 
are as hard as gypsum, and have a vitreous and nacreous lusti-e. The acid is inodo- 
rous, melts at 160° — 165°, and decomposes at a stronger heat, emitting an aromatic 
odour It dissolves freely in boiling water, slightly in cold water , m almost any pro- 
portion of hot alcohol, abundantly also in cold alcohol, sparingly in other free from 
alcohol. 

Tolune acid, boiled -witli hydrochloric acid, is resolved, similarly to hippune acid, 
into toliao acid and glycocme’ 

0'«H'>NO« + H»0 = C»H»0* + C’H»irO= 

Tolui lo sold. Toluic Glycocme 


Tolurates. — ^Most of these salts are soluble in water, those of the aliali-metals 
being the most soluble 

The barium-salt, C“H“Ba"N“0“.5H“0, crystaUises in smaU needles, apparently tri- 
Imetno, exhibiting the faces coP, ooPoo , it dissolves easily in hot wator. — Tho 
calaium-sali, C’“H’“0a"N'^0®.8H'‘O, forms flattened crystals, one or two miUimetres long, 
and strongly streaked parallel to their axis , very soft, and having a silky liistie , spai- 
ingly soluble m cold, easily in hot water. — TIhe iilver-sait, G'"II‘“Agll'0’, obtained by 
double decomposition, is very soluble m hot water, and separates in well-defined crys- 
tals on cooling — The sodmm-'salt crystallises from w.iter iii foathory needles. 

The solution of the sudium-salt forms a white precipitate with neutral acetate of 
lead, hrowmsh-yellow -with ferric chloride Tho latter precipitate is soluble lu alco- 
hol, and melts partiaUy when boiled with water. 

TOIiWZi, C“H’. — Tho radicle of toluylic alcohol and its allied compounds , * 
isomeric with xylyl. Pree toluyl, ol^tainod by the action of sodium on to- 

luylio chloiide, is a thick liquid, boiling at 298°. (Vollrath, Zeitsohr f Chem [2], 
u. 438 ; BuU, Soc. Ohim [1867], i 343.) 

TOliVYIiAniin'xl. A name sometimes applied to toluidme. 

TOIiTTYXiEXTIl. A name sometimee given to tolyleno oi benzylene, 0’H“, hut 
more properly belonging to the hydiocavbon C"H® 

TOXitTVIiIC ACETAXEi, obtained by the action of toluylic ohloride 

on acetate of jiotassium, or (bettor) on acetate of silver, is a liquid having an agreeable 
pdoiu', and boiling at 226°. Alcoholic potash easily converts it into toluylic alcohol 


TOIiTTYEIC ACIE. Syn. with Tonnio Aoro (p 861). 

TOEWEIO AECOHOI.. C»H‘»0 = 1 0 Toluio or Toluenyltc Mcohof 

(Cannizz.aro, Compt reud liv 1226, Jahresb. 1862, p 267.) — An alcohol isomeric 
■with xylylio alcohol, obtained . 1 By the action of alcoholic potash on toluic aldshydo 
(Cannizzaro)' 

20*^0 + KHO = C'ErKO* + C»H>»0 




2 By the action of .alcoholic potash on toluylic acetate (Vollrath). It is a white 
crptolline body, which melts at 58'6° — 69 6°, and boils at 217° (xylylic alcohol ia an 
oil, which merely becomes -nscid at —18°, and boils at about 220°) Toluy he alcohol 
13 slightly soluble in cold water, somewhat more freely in boiling water, and separates 
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tlierefrom in oily drops, which afterwards solidify m needle-shaped, crystals , it is 
easily soluhle m alcohol and in ether. Nitric acid conyerts it into toluic aldehyde. 
Heated In a stream of chlorine-gaa, it is converted into toluylic chloride, C“H“01 , and 
this compound, heated with cyanide of potassium in alcoholic solution, is transformed 
into toluylic cvanide, C"H'’N = C^JS'CN, which, when distilled with potash, yields al- 
phatoluic acid (p. 804). 

XOI.TrvXiIC CKltORXDE, OWCl (Vollrnth, Zeitschr f Chera [2], ii. 488), 
produced by the action of chlorine on xylene, C“H'", at t!ie boiling heat, is a liquid 
having a diangrceable odour, and boibng at 193°. "When treated with cyanide of 
potassnun, in presence of alcohol, and then with potash, it yields alphaxylylic acid, 
=. C"ff I COHO. Xyltlio Aoin ) 

TOItmTIiIO STTIiPKIDB and BTTIiPHVDSAXE. Both sulphide and siil- 
phydrate of potaesinm act very strongly on toluylic chlondo, producing in the one case 
the sulphide of tolnyl, (C“H»>‘S, m the other sulphydrate, C“H“.H,S Both 
these compounds are liquids of disagreeable odour. The sulphydrate forms a bulky 
white precipitate with an alcoholic solution of mercuric chloride, and yellow with acetate 
of lead. (Vollratb.) 

XOKTIi, or BENZYXi. C'H' = 0®H^(CH®) — A. monatomic radicle, which may 
be supposed to exist m bonzylio alcohol, heuzylanune, tolylio or benzylio bromide, 
chloride, &o. The name bemyl is the most convenient for it, as tolyl is too much hka 

Benzyl in the free state, 0*''H**, is obtained by heating beazyho chloride with excess 
of sodium to 100°, tre.ating the product with ether, .md evaporating the ethereal solu- 
tion, It then remains as an oily body, which crystallises, after some time, in needles 
and liinimiB 'When pimiled by pressure between paper, and repeated crystallisation 
from strong alcohol, it forms white monoclmie crystals, exhibiting the combmation 
coPto +P<» . — Pw . oP — ^Pto, tabular from predominance of -Poo, and in- 
distinctly oleavuble parallel to ooP and [ o=Pot ]. The following angular magni- 
tudes bave been approximately determined : ooPoo . +P» = 160°, [ooPoo]. +P 
i 132°, oP +Poo =■ 131i° Benzyl melts between 61’6° and 62-6°, distils 
without decomposition at 284°, is msolublo in water, but dissolves in alcohol, ether, 
iiiid sulpludu of carbon. (Cannizzaro and Bossi, Ann. Cb. Pharm, cxxi. 260, lah- 
rnsb ISfll, p 548) 

Benzyl is likewise produced by the action of sodium on bromide of bensyhdene, 
C’H'Br® (p 868) Sodium acts rapidly on this coinpovmd at 180°, hydrohromie acid 
being given off, and a thick black mass formed, which is partly soluble in ether On 
distilling the soluble portion of the product, toluene is given off at 109° ; and the black 
reainous residue, if further distilled in a stream of aqueous vaponr, gives off an oily 
liquid, which soon solidiiios to a crystalline mass of benzyl, C"H“ (Miehaelson and 
Lippmann, Ann Ch. Pharm. Suppl, iv 113, Jalmesb 1806, p 660) The authors 
regarded the product thus obtained us isomeno with benzyl, and called it isobenzyl, 
becimss it appeared to unite directly inth bromine, instead of forming anbsbtution- 
prodiicts, like the honCTl obtained by the process of Cannizzaro and Eossi, but Pittig 
has shown (Ann. Ch Pharm cxxxvn 271), that benzyl obtained by either process acts 
in the same manner with bromine. 

Several substitution-denvatives of the molecule 0'®“, called dihenzyl-oom- 
ponnds, have been obtained by Stelhngond Pittig (Ann. Ch, Pharm. cxxxvn. 267; 
Jahresb. 1866, p 547) 

Amidobenzyl, or Diamidodihemyl, C'<H‘“N® =■ C'<H‘®(NPP)®, is produced 
by reducing nitrobenzyl (p 871) with tin and strong hydroehlono acid, and is thrown 
down by ammonia — ^from the solution previously froS from tin— as an amorphous pre- 
cipitate It Tesembles the homologous compound, amidophenyl or benzidme (iv 411), 
and crystallises from hot water in colourless scales, which are nearly insoluble in 
cold water, very soluble in alcohol, melt at 132°, and sublime, almost without decompo- 
sition, at a higher tempcriiture. It is a base, and forms crystalline salts. 

The hydroMorate, C'*H"'N® 2H01, is very soluble m water and alcohol, and sepa- 
rates from strong hydrochloric acid in small colourless crystals. — The eUoroplaUnate, 
Chjji«j^ 2.2HC1 PtCl*. forms easily decomposiblo needles, united in concentric groups. 
— Tlio sidphato, C''‘H'“N®.H®SO\ is a white ciystallina powder, slightly soluble in 
water. — The neutral oxalate^ C‘*II'“N° C^HW, is a crystalline precipitate ; the acid 
oxalate, C'^II'“N® 2C®H®0* 3IPO, is deposited in haid, transparent, pnsmatio crystals, 
nearly insuluble in cold water. — The phosphate is a white precipitate. — The chromate 
forms easily decomposiblo yellow needles 

Isoratrobonzyl is easily reduced by tin and hydroeldoric acid to a base, which soon 
changes to a tarry mass. 
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' Sfomohcrisyls — Benzyl, suspended in water and mixed with Bromine, yields a 
pasty mass consisting of several substitution-products. On dissolving the product, deeo- 
fonsed with soda-loy, in hot alcohol, dibromodibonzyl crystallises out first, while the 
monobrominated oorapoimd remains in solution — Mmiohromodihmzyl, C”H'*Br, when 
purified by distillation, is a oolomdess viscid oil, having a specific gravity of 1 398 at 
0° It solidifies bolow 0°, in the crystaJlino form, boils at a temperature above 310“, 
and, like the following compound, is not decomposed by heating to 140“ with alcoholic 
solution of ammonia, iodide of potassium, or cyanide of potassium — IhbromodAenzyl, 
is nearly insoluble in cold alcohol and benzene, vary sparingly soluble lu 
hot alcohol, melts at 114° — 116°, and crystallises in colourless prisms or needles. — 
ZViiroMoifjicHryZ, C'E^Br’ (or, perhaps, C'''H**BrBr'‘), is formed, together with di- 
bromodibenzyl, when the quantity of bromine used is sufficient to cause the mass, which 
IS pasty at first, to become sobd and friable. It is still less soluble in alcohol than the 
dibrominated compound, and in the pm-e state forms nacreous laminae, which decom- 
' pose at 170°, without previous iasioD.—Hexbromodibenfzyl, C”H“Br“, is obtained by 
bringing dibromodibenzyl in contact with excess of bromine, and reerystallising the 
product from benzene, lu hard, colourless, weU-deflned piisms, nearly msoluble in al- 
cohol. 

Sromide ofBemyl, or Bibromide ofBihcnsyl, G‘'*H“Br''* — This compound is formed, 
together with monobromohenzyl, by adding bromine to an ethereal solution of benzyl ; 
and orystaUises in colourless silky neemes, not fusible without decomposition It 
dissolves in boihng alooholic potash, with formation of monobromodibenzyl. (Mioh- 
aolaon and Lippmann , Fittig.) 

Hiirolenzyl, or Binitrodihenzyl, — ^Fuming mtric acid acts 

violently on benzyl, even in the cold, converting it into two isomeric nitro-compounds, 
which may bo separated from one another by crystallisation &om alcohol. The hot 
satiu’ated solution first deposits long slender needles of nitrobenzyl, insoluble in 
water, only slightly soluble in hot alcohol, other, chloroform, or benzene, and melting 
at 106° — 107° The mother-liquor, when concentrated, deposits the more soluble uo- 
lutrobenzyl, partly in crystalline nodules, partly as a thick oil This compound 
orystalliBos from alcohol in extremely fine needles, which form a bulky woolly mass 
when dry, and melt at 74° — 76° These nitro-compounds are reduced, by tin and 
hydrochlono aeid, to the corresponding amido-compounds (p. 870). 

J^itrohromnbenzyl, 0“H“'(NO')^Br°, is produced by dissolving bromobsnzyl in warm 
fuming nitrio acid When purified by washing the crystals which separate on cooling, 
with hot alcohol, and reorystalhsmg the undissolved powder from benzene, it forms 
well-developed sword-shaped crystals, which molt at 204°— 206°, are nearly insoluble 
in hot alcohol, more soluble m hot benzene. 

TOIiiri^ACETAIVIIDEi, or BEIO'ZTEACBTiUniSB, CH'IHO" = 
C’H’ ) 

C’ffO IN, or ACBTOTOBUIDB, C’H“(C*H*0) Nff. (Riche and BArard, Ann. 

H J 

Oil. Pharm. oxxix. 77 ; Jahresb. 1863, p 428. — Stadolcr and Arndt, Jahresb. 
1864, p, 426.) — This compound, homologous with phenylacetamide (iv 418), is pro- 
duced by distiUing 1 at toluidine with 1 at acetic acid, and remains, on treating the 
last portion of the distillate with acidulated water, as a white residue melting at 146° 
(Riche and Berard). It is likewise formed in the manufactm'o of amhne by rediie- 
tion of commercial nitrobenzene with iron and acetic acid The viscid oils which pass 
over towards the end of the operation, contam a solid body which, when purified by 
pressure between paper and repeated crystallisation, exhibits the composition of 
acetolmde (Riche and Bdrard). Stadelor and Arndt found the sohd mass, obtained 
by repeated distillation of crude commercial aniline with glacial acetic acid, to consist 
chiefly of acetanilide and acetolmde. The latter was separated by solution in strong 
sulplnirio or acetic aeid, precipitation with water, and crystaUisation, or sublimation m 
a stream of carhoiuc anhydride 

Acetolmde, when sublimed or quickly crystalhsccl, forms small slender needles like 
sublimed benzoic acid , by slow crystalbsation, it is obtained in longer and thicker 
brittle needles It is tasteless, and at ordinary temperatures inodorous, melta at 146° 
— 146 6°, evolving aromatic coiigb-excitiug vapom-s, and boils at 310° — 860°. It is 
sparingly soluble in cold water (in 1786 pts. 6'5°), easily soluble in boihng water, also 
iu aleoliol and ether. It dissolves in eoncontrated acids, and is precipitated therefrom 
by water — not decomposed by boiling with dilute acids, or with aqueous alkahs 
(Stadeler aud Arndt). According to Riche and Bdrard, it is slowly decom- 
posed by boihng with uqiioous potash, and quickly by distillation ovor fused potassium- 
hydrate, into tofmdino and acetic acid , the same decomposition is easily produced by 
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aleohoUc potash (Stadoler andAindt). Its soMon in strong sulphuric Mid acquires 
a fine green calouron addition of potaasic chiomato. (Stadelor and Arndt,) 

TOXiiriiAnXIIirB. Syn. with Bbnzixamwb (p. 867), 

TOliTIiANlIiXlffE. C‘II*(C'IP).NH'‘. — A base isonieiio, if not identical, with 
phenyltoluidino (it. 464 , T. 866). 

TOBTKBEnrZAMIDS, BBKTZVXiSXill'ZAiaiDXI, or BS?TZOTOX.TTinE!, 

» G'E’.G’H*O.HN = C’H“(G'H'0) NIP ( Jail lard, Compt. rend. be. 
1086 Jahresb. 1866, p 428.) — Prepared by treating chloride of benzoyl with tolui- 
dme, washing tlie resulting bard mass with acidnlated water, and dissolving it in 
boiling alcohol ot 90 per cent It then crystallises, on cooling, in long, colourless, and 
inodorous needles, insoluble in water, easily solnble in alcohol and in other. It melts 
at 100°, and yolatihses withont decomposition at 232°. When heated with alhalia, it 
is resolved into benzoic acid and toluidine. 


TOBTlCABBAiaiSB, SBWZTIiCABBAIMCIBIl, or CABBOTOZUIBE. 

C'H'WO = N*. — Sengyl-wea (Sell, Ohem. Soc. J. xvi. 190; Jabresb. 

J 

1886, p. 426) separates, on mixing a hot aqueous solution of toluidiua-sulpbate with 
a recently prepared solution of potassiuin-cyanate, in white needles, winch have a 
sweetish taste, dissolve sparingly in cold, easily in hot water, also m alcohol and in 
ether, and axo resolved, at 168°, into ammoma and ditolyloarbamide. It is related to 
the isomerio compound obtained by Noad from nitrotolylamide, in the same manner 
as the true phenyl-uroa to the compound which Chancel obtained by roduotion of 
nitrobenzamide (See CAiwAinnEs, i 764, 766 ) 

Tolyl-ethyloaihami>U, 0'“H'<N“0 = (CO)"(C’H’)(C»H‘)H*N>, is obtained by 
direct combination of tnluidme with ethylic cyanate, and separates from a boiling mix- 
titt'6 of alcohol and water, in white a’ystals. It is insoluble in water, but soluble in 
alcohol. (Sell, loo cvt.) 

I>itolyloarba‘mide,0'’‘-^'‘‘IS^O ■=■ (CO)''(0'H’)’H®N'', is produced by boiling an 
aloohobo solution of ditolylanlphocarbamida with mei'ounc oxide, as long as mercurio 
sulphide IS thereby separated The filtered solution yieldsditolyloarbamide in white crys- 
tals. It is likewise obtained, togotherwiththeprodncts of decomposition of ordinary nrwi, 
by the dry distillation of monotoljleurbamido. It is insoluble in water, easily solublo 
in alcohol, and is decomposed by strong sulphuric acid, in the manner shown by the equa- 
tion, into tolylsulphamic or snlphotolylamio acid, carbonic anliydride, and water (p 527); 

0'*H“N’0 + 2H'SO^ = 2(0'H“N.SO*) + 00^* + H«0. 


hitolylsulfhooarbamide, C’*H"’N'3 => (C’BJ)®[n''*, is obtained by warming 

H* j 

a eoncentratod alcoholic solution of toluidine with an equal volume of oiirhonio disul- 
phide, not above 80°, till the evolution of aulplivdnc ucid ceases, distilling off tha 
oxaeas of carbonic disulphide, and reerystallising the remaining crystalline mass from 
alcohol It is insoluble in water and m cold alcohol, has a bitter taste, and forms 
largo acunrmated prisms, which melt at 164°, and subhme withont dtcomposition. (Sell) 

TOZY£-i>XBBEIl"7Z-ltOSAliraZXirE. See PHENYlAimma (iv. 473). 

TOZVZBNB. O’H'.— Syn. with Benztibnh (i. 677). 

TOZYBENE-BlAianiTE. (Hofmann. Proc. Eoy, 

Soc xi. 618 ) — ^This base, first obtained as a by-product in Cohn's anibne factory 
at Pams, is prepared by distilling dinitrotolneno with a mixture of iron-filings and 
acetic acid. When recently proparad, it forms crystals which become slightly coloured 
on_ exposure to tlio air, bnt may he rendered colonrioss again by treatment with 
animal charcoal It melts at 99°, and distils without decomposition at about 280°. 
It is dissolved in considerable quantity by boiling water, and soparates on ooohng m 
needles, sometimes an inch long It is easily soluble in alcohol and ether Its solutions 
have an alkaline reaction. 

Bydrobromate of tobjlene-dmmxne, C’H‘“N’.2B:Bi, forma short needle-shaped crys- 
Uls, soluble in water and in al-'-’'"’ j,.- ” ^ ja easily Boliibla m water, 

even at ordinary temperatiiros, i strong hydrochlorio acid.— 

The cldnroplatmate forms yoUo ■ - ble in water — The sulphate, 

C’H'“NMPS0^ forms long well-defined needles, whieh become reddish on exposure to 
the air. 

Tolyleno-diamino. treated with wnanihol, forms dioinauthylidouo-tolylene- 
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diamine, = (C’H‘*f(C’H“)"N^ as a heavy non-baeic oil, soliiUo m iilco- 

hol, but insoluble in water. With bitter-almonAoil, m like manner, it jiolds 
dibenzylideue-tolylene-diamine, =(aC'H«)"(0C’B;“)"N'. (Schmidt, 

Jabresb 1866, p. 429.) 

TOI.YIiBM'E-'XRlAWtXKHS, (De Laire, Q-irard, and Chapotaaut, Coinpl, 
rend. Ixiii 984 , liv 416 ) — Hofmann bas sliown that Tosamlme (iv. 468) haa the 
composition of di^lylene-phenyleiie-triamiiic, (C’H")“(C*H‘)H’IP, being formed by 
elimination of 6 at hydrogen feom. a mixture of 2 at. toluidine and 1 at. aniline. 
Other basoa of similar constitution may be obtained by the action of oxidising or dehy- 
drogenising agents o* toluidine, aniline, and mixtures of the two ■ 

o TVifoZyfoue-ifj'iawje, or C7i?^sotoi«irfjMe, jN”, is a yellow 

base, resulting from the oxidation of 8 at. tolmdiue . 

3(0’H’)B?H _ H» = (0’H«)»H>H* 

/3. TriphmyUne-tnaTMne, or ViolanUine, C^H'W = is a violet base, 

formed, in like ma n ner, from S at. aniline. 


y. DiphenyUne-iclylms-fosamhne, or Mauvamline, = (0’H“)" | N*. — This 

base is formed (together with violaniline and a small quantity of rosaniliue) when the 
aniline used is not qmte free from tolmdine’ 

2(C*H*)H“N -t (O’HOH'H - 8H' = (C"Hn=(0’H«)H*N*. 

Aulllne. Toluidine. MauVanilmo. 

Mauvanihne is a crystallised base of light-brown colour, becoming darker when 
heated. The crystals are hydrated, containing 2C"‘H'’N*.H*0. They retain their 
water at 120° — 130°, and give it up only At a temperature at which they begin to 
decompose, 

Mauvamline is soluble in alcohol, ether, and benzene, insoluble in cold, very 
soluble in boilmg water. It dissolves in acids, forming crystallisuble salts, which 
have a bronze-green reflex, like those of rosamline They are slightly soluble m cold, 
moderately soluble in boding water, and in strongly acidrdated water They rival the 
salts of rosamline in tinctorial power, imparting a fine mauve colour to silk and wool. 

Violaniline, mauvamline, rosamline, and chrysotolnidine, form an arithmetic seviee, 
whose common difference is CH*. The formation of violaniline, manvamlina, and 
chrysotolnidine being strictly analo^us to that of rosanilme, these bodies may also 
be axpeoted to result from the oxidation of commercial aniline. It is well known, 
indeed, that the quantity of rosandine obtained in the preparation on the largo scale 
is considerably less than that which corresponds to the quantity of andine and 
toluidine tiansformed, and that there is produced, at the same time, a quantity of 
resinous matter, of violet to brownieh-yellow oolmir, and possessed of basic properties. 
This resinous matter is a mixture of several compounds, extremely diflflcidt to separate, 
and doubtless consisting in great part of the three homologues of rosamline just men- 
tioned The authors have, in fact, detected mauvandine in the residuee of the prepara- 
tion of rosanilme-Biilts , they likewise attribute the decided violet tint exhibited by 
oertvim commercial andine-reds to the presence of mauvamline, and tbe yellow 
tint sometimes observed in commercial rosaniline-salta to admrxturo of chrysotoluidine, 

S The three atoms of typic hydrogen in each of the bases above mentioned may be 
replaced by alcohol-radicles, ediyl, methyl, phenyl, tolyl, &e , forming derivatives 
analogous to tnethyl- and tnphenyl-rosanihne (iv. 471, 472), and obtainable by simi- 
lar methods 

e The second.ary raouaraines, diphpnylamine, ditolylamiue, methyl-phenylamine, 
&c., subjected to the action of dehydrogenising agents, likewise give off 6 at hydro- 
gen, and yield substituted tnamines of rosandine, clirysotolnidme, and violanihna , eg.'. 

S(C'ff)H»N - H» feSTh’- 

Dltolylamlnc Trltolyl-cliryso- 

toluldlne. 

TOXYXi-ETBYXi-'UII.EA., Syn with TotiVt-ETinx-ciAKBAMlDa (p. 872). 

TOX.VX.-FBBN'YI.AKIN'E. Syn. vnth TotTOAKHUOTi (iv. 464) 

YOIiYIiSAXiICYXiAniZBE. This name is given by Jai Hard (Compt rend. lx. 
1096) to a compound obtained by hc.iting a mixture of toluidiuo and salicylol to 60°, 
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and crystallising the product from hot alcohol It forms yellow crystals, inodorous, 
insoluble m water, soluble in alcohol and ether, melts at 100°, volatilises at a lugher 
temperatme, and is decomposed by alljalies. According to Jaillard, it has the same 
composition as tolylbenzamide, C*'H'“NO, and its hydrochlorate gives, with plattnic 
chloride, a double salt, containing 2(C“H"‘NO HCl)Pt Clh 

TOX.VX>SVOaZm»UDII, or SUeeXirOTOKVIDS. C”H”brO: =9 
I ^ This compound is fomod hy molting equal 

■weights of succinic acid and toluidine, and cryataUising the cooled mass from hoiling 
water. It Yolafcilises -without decomposition, dissolves easily in hot water, alcohol, and 
ether, and separates from solution in colourless crystals. 

Bitolt/lmcclnamde, C’^H^N'O* = (C*B.'‘0’)"1N’, is the portion of the above-men- 
tioned product insoluble in hot water , it orystaUises from hot alcohol. (Sell.) 

TOX>TXBtTI,PHUSOVS BBOmiDX) and CBI-OBtSB. Syn. -with Tolu- 
ENE-STn-PHOBBOiBnii and Toi,niiirai-sin,PHoCHi.oiimB (p. 869). 

TOBVXiStrXiPHVIlOtrs RVSBXBB. Syn -with ToLimNE-sni,Titu5ors Amo 
(p. 860). 

TObTl-TBIOSZirAMin'E. By heating tohiidine with oil of mnstard to 
100° for several hours, a mass is formed, which solidities in laminae on coohng, and 
fliay be purified by reorystaUisntion from alcohol It is inodorous, insolublo in water, 
easily soluble in alcohol and ether, melts at 100°, and is converted, by oxide of lead or 
raoroury, into a non-sulphm'etted compound, which orystaUises in needles. (Jail- 
litrd.) 

TOMBAC. An alloy of copper and eino containing about 80 per cent, copper. 
(See Copper, Aiiovs op, ii. 47, 49.) 

TOMBAZITE. Breithaupt’s name fiir a variety of niohel-glance from a mino 
near Lobenstoin. 

TORKA-BEAK'S. The fruit of Biptena odoraia, a leguminous tree, indigenous 
in Guiana. They are about the size of a largo abnond, rather cylindneal than flat, 
and pointed at both ends. The outer shell is durk-brown, wi-inklod, and has a fatty 
lustre. The beans have an aromatic bitter taste, and a very agreeable odour, like that 
of meliiot and woodruff They contain coumarin (ii. 93), and a fixed oil, besides sugar, 
gum, starch, malic acid, salts, and woody fibre (Boullay and Boutron-Ohar- 
lard, J. Pharm. xi 426, ibid. [3] vii. 160). They ore used as a perfume, ospecislly 
for snuff. 

The so-called Enghsh tonka-beans (from BipUnx oppositifolia) are rather stoaUer 
and darker, but otherwise not essentially different from those just described. 

TOPAZ. Thyaalite. Pi/ropkpsahte. Pi/cmte. Soborlariiger Beryl. Siangen- 
stein — A tribasie silicate of aluminium, A1*0“ SiO’, h,aving part of the oxygen replaced 
by fluorine. It occurs m trimetne ciystals, exlubiting tbo combination P . ooP, 
ooP2, like/y 266 (ii. 147), also 'With the basal face oP, and the face 2f to replacing 
the terminal edges between P and P , frequently also with other faces subordinate. 
Axes « ; J • 0 - 0-6286 . 1 : 0-4770. AngleP : P (hrach ) = 141° O', P . P (macr.) 
= 101° 40' i P - P (basal) =• 87° 18’. The crystals are usually hennmorphous, the 
extremities being imlike deavage very perfect parallel to the base. The mineral 
aUo occurs granular, coarse or fine Hardness => 8 Specific gra-vity = 3 4 — 3-65 
Lusti-o vitreous. Colour yoBow, white, green or blue , pale Streak uneoloiired. 
Transparent to subtransluceut Practnre subconchoidat to uneven. Pyroelectric. 
Before the blowpipe on ebarcoal, it does not fuse, but whon strongly heated becomes 
covered with small blisters, which crack as soon as formed. The pale-yellow varietie.s 
beeome colourless when heated, the dark-yellow become rose-red or hyacinth-red. 
IVlien strongly heated in a glass tube -with microoosmic salt, it exhibits the fluorine 
reaction. With borax it slowly fuses before tlie blowpipe to a colourless glass, 
■with mierocosmic salt it forms a silieious skeleton, the head becoming opalescent on 
cooling; with carbonate of sodium it forms a tumid, semitransparent slag, with a large 
quantity of the sodium-salt, a tumefied infiisihle muss It is insoluble in acids ; and 
when digested for some time with strong sulphuric acid, it gives off hydrofluone ncid 

The analysos of topaz from Fahlun in Sweden, and Trumbull in Connecticut, by 
Forchharamor (J. pr. Chem. xxix 294, xxx 400), give from 34-39 to 36 66 percent. 
sihea, 64 88 to 66 06 alumina, and about 17 percent fluorine, sho-wing that topaz may 
he regarded as amixtiireoreomponudofti-ib.i-,ie ahimimum-sihoate with silioo-aluminio 
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fluoride in-tlio proportion represeiltod by tbe formula 6(ji.l“0’.Si0^). 

The older analyses by Berzelius, Vauquelin, and Klaproth gave the amount of fluorine 
about 3 per cent too low. 

Topaz ocours in gneiss or grauito, with tourmaline, mica, and heiyl, occasionally with 
apatite, fluor-spar, and tin; also in talcose rock, as in Brazil, with euolase, &c., or m 
raiea-Blato Kine topazes come from the Ural and Altai Mountains, from Minsk in 
Siberia, and from Kamtschatka, of green and blue colours , from Villa Eica in Brazil, 
of deep yellow colour , blue crystals occur at Cairngorm, Aberdeenshire, and in the tin- 
mines of Sehlackenwald, Zinnwald, and Ehrenfriedersdorf ; smaller ciystala also at 
Schneckenstein and Altenberg m Saxony, and on the Monmo Mountains in Ireland — • 
TycniU is a massive, subcolumnar variety of topaz from Altenberg, Sehlackenwald, 
Zinnwald, and Kongeberg — Vhysaliie, or Pyrophysalite, is a coarse nearly opaque 
variety, which intumesces when heated. It is found in yeUowish-whito ciystals, of 
considerable size, at Possum m Norway, and atllnbo and Broddho in Emlacd , a crys- 
tal was found in this Inst locality, weighing eighty pounds. Topaz ocenrs in the United 
States, at Trumbull and Middletown m Connoetiout, and at Crowder's Mountain, 
North Carolina. 

The finer varieties of topaz are much valued as gems. The best crystals are brought 
from Minos Geraes in Brazil The coarse varieties may he employed as a substitute 
for emery. 

TOPAZ ROCKi This name was applied by "Werner to a rock composed of quartz, 
tourmaline, hthomarge, and topaz, forming a considerable vein in the miea-afate of 
the Saxon Voigtland. 

TOPAZOlilTE, A name sometimes applied to yellow garnet. 

TORBAHITB, or TORBAWE Hill. BIZHBRAI.. See OoAl (1. 1033), 

TORBBRITH. See Uiukite 

TORAIEIl'TIHiA, The roots of Tormmitlla ereoia were formerly used m 
medicine ns Sed tormntilla. They contain, m the fresh state, from 5 to 6 per cent, 
of a tannin, which, aoeording to Stenhouse, forms a dark-green precipitate with ferrous 
sulpliate, bluiish-red with feme acetate, itis also precipitated by gelatin and bytartar- 
emetio It has been proposed to substitute this root for that of rhatanyfor use in 
modiomo. 

The leaves of the plant contain, according to Sprengel, 63 per cent, water, 33 dry 
vegetable substance, and 4 ash. The ash contains, m 100 pts , 12'0 per cent, potash, 
3'0 soda, 22'7 lime, 2 8 magnesia, 10 S feme oxide, 6 1 alumina, 41’4 silica, 2'0 sul- 
phuric anhydride, 0 5 phosphoric anhydride, andO'8 chlorine. 

TORPEDO. The cleotno organ of the Torpedo Balvann has been examined by 
Schulze (Jabresb 1859, p. 622). The aqueous extract contains a proportionally 
large quantity of uiea and calcic phosphate, together with creatinine, syntonin, an 
organic body precipitable by tannin, and several compounds preoipitable by chloride of 
zinc — some in the orystalllne, others in the syrupy form. Eespectmg the electric pro- 
perties of tbe torpedo, sea Eleotbicitt (n 476). 

The name torpedo is likewise applied to explosive engines, which -ore sunk in tbe 
water of harbours, and fired by electricity on the approach of a hostilo vessel. 

TORRBDITE. Syn. with Nionim 

TORRICEDIiZAIl' VACUTnu. The space above tbe mercury in a barometer- 
tube, which IS free from air, hut contains vapour of mercury , the tension of this 
vapour, however, is imperceptible at ordinary temporatureo. 

TOUlOVCOtrWA or THDHCTrarA on. Syn. with Cabapa Oh. (i. 749) 

TOVXOITROSr OXD. A brown train-oil obtained from Fagurus Latro, and used 
by the negroes of Senegal as a remedy for rheumatism. 

TOtTRlMAZlHS. Schorl Riibelhte Indicolite. Aphrmte. Aphnte. Zeimtc. 
— A well-marked group of rhomhohedi-al double silicates, characterised geometrically 
and physically by heraimorpbism and pyroelectricity, and chemically by the presence 
of boracio acid. The crystals usually exhibit the combination ojP 2 . terminated 
by E and other rhoraholiedrons. The primary form may he assumed to be a rhom- 
bohedron ®, having the principal axis equal to 0 4472, and the angle E E in the 
terminal edges 133° 10'; but the magnitude of the angle differs to a eertaui ex- 
tent in the several varietii'S. The crystals exhibit traces of cleavage parallel to E. 
They are brittle, with suhconchoulal to uneven fracture 

Hardness .= 7 to 7 5 Specific gravity == 2 94 to 3'3. Lustre vitreous. Colour 
black, brown, blue, green, red, or white, some specimens are red internally, and 
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green externally; otheis red at one extremity, and green, bine, or black at tbo 
other. The crystals exhibit dieliroism (lii 670) Their streak is uncoloured. 
They are transparent to opaque, unlike in transparency across the prism, and in the 
lino of the axis. Transparent tounnalmos transmit light only -when polarised in a 
plane perpendieulur to their principal axis (in 056). The crystals aro strongly pyro- 
electric (ii. 411) 

The numerous analyseB vhich have been made of tourmalines (for-whicb see Eam- 
melsberg's pp. 673-679, Dana’s Mineralogy, li. 272), shoir that 

these minerals contain, as protoxides, magnesia, ferrous oxide, manganous oxide, lime, 
lithia, potash, soda, and that the relaUveproportions of these bases, especially of thomag- 
nciia, ferrous and manganous oxides, vary within very tiida lumts hence Kanimels- 
herg, to whom, the greater number of these analyses are duo, divides tourmalines into 
magnesium-tourmalines, magnesium-iron tourmalines, iron-tour- 
raalines, iron-manganese tourmalines, and nianganese-toarmaliues; 
the last two varieties contain hthia, the others do not The sosquioxides contained in 
tourmahups ate alumina, and, accoiding to most authorities, likewise feme and man- 
ganic oxides; according to A. Mitschorlioh, however (J. pr Ohem Jxxxvi 1), the 
iron and manganese in tourmahnos are wholly in the state of protoxide. AH tourma- 
lines likewise contain boric oxide or anhydride, B'O’, which may be regarded as 
replacing part of the alumina. As the most general expression of the composition of 
touimnlmes, Eammelsberg gives the formula • 

(2M'‘O.SiO=) . ra(E“0>,B'0»)Si0=, 

M denoting a monatomic metal (2 at. of whieh may of course be replaced by M"), and 
E o triatomio metal. Most tourmahnes contain also a small qu.intity of fluorine, 
wluob (as in topaz) may be regarded as replacing part of the oxygen, Eor the full 
discussion of the formula, see E ummelsborg (ioc cat ). 

The following are examples of the composition of the several varieties of tourma- 
line above enumerated, according to analyses by Eammelsbeig — 

a, Magnesium- tourmaline, from Gouvornour, St. Lawrence County, New York : 
blown, specific gravity = 3'049.— A. Magnesuim-iron tourmaline, fl-om Texas, 
Lancaster County, Pennsylvania: very thin, daik-green, translucent , specific gravity 
a 3 043 — -0 Iron-tourmaline, from Sonnoiiborg, near Andreasherg, in tbo 
Harz specific gravity = 3 24^(tho heaviest tourinahne) — i. Iron-mangancso 
tourmaline, from Elba; green, often reddish or blackish at one end; specific gra- 
vity = 3*112— e. Manganese-tourmaline, from Pans, in the State of Mame: 
■dark-red, specific gravity = 8 019. 



Phosphoric anhydride . . 0*20 012 . . 0 27 

Sihca . . 38-86 38-46 3 6 51 38-19 3 8 3 3 


Bono anhydride 8 25 8 48 7 62 7-89 9-00 

Alumina. . 81-82 34 66 32-92 39 16 43-16 

Manganic oxide . . . . . 4 74 1-12 

PeiTic oxide . 1-27 8-31 8-13 3 14 

Perrons oxide . . . 0-09* 9 62t f 

Magnesia . . 14-89 9 11 0-78 I-OO 1-02 

Lime . . 1-60 0 71 0 72 0 8t 

Soda . . 1-28 2 00 136 2-40 2-60 

Lithia .... . . . 0 74 1-17 

Potash . . 0-26 0-73 0 68 0-34 0 68 

Loss by ignition 3-19 TSO 2-31 3~28 ITei 


The colour of tourmalines varies according to their composition : red tourmalines 
{nihelhte, sibente, daourde, ayynte) are those which contain lithium and manganese, 
with little or no iron (manganese-tourmalines) , the violet-blue and green varieties 
generally eoiitaiu lithium, iron, and manganese (mon-manganeae tourmalines) , tho 
black [ichorl) are eitlier iron- or magnesinm-iron tourmalines , the yellow and brown 
mostly mugnesmm-tourmalines. Henco the chemical characters of toiinnalmes vary 
to a considerable extent, according to their colour. 


Toiinnabnes not containing hthia, when heated heforo the blowpipe, form, -with 
strong lutumesoiico, and more easily m proportion as they coiitam more n-on, white or 
yellowish masses, which afterwards melt to white, yellowish, or grey slags Heated 
with fluor-spar and acid sulphate of potassium, they give — ^like all other tom-mulines — 
the reaction of hone acid Magnosinm-iiou tourmalines yield, after swelling up, a 
_e.,_ ,, !.T. — „i„_ tourmalr- 
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brown or black slaga ; iron-manganese tourmalmes (the dark-eoloured or blue) melt 
before the blowpipe, with di£S.culty and sbght intumescence, to grey or brownish slags, 
and, when heated m a furnace, bake together to compact dork-brown masses. Green 
tourmalines, heated before the blowpipe, become white and opaque, melt on very thin 
edges to an enamel covered with small bubbles, and when heat^ in a crucible, form 
porcelaiii-'like masses without fusing, only the green tourmaline of Brazil, and that of 
Chesterfield in Massachusetts, swell up before the blowpipe, and yield, partly a 
greyish-yellow slag, partly an unfused violet-green mass ; when strongly heated m a 
crucible, they form an opaque brownish slag. Manganese-tourmalines generally oxfo- 
liato before the blowpipe, becommg white and opaque, and, when heated in a crucible, 
sometimes sinter slightly together. 

At a strong red heat, all tourmalines lose several per cent of their weight, in conse- 
quence of the escape of silicic fluoride, and perhaps also of boric fluoride. It is only 
.ifLer haling undergone this change that the pulverised tourmaline oau he decomposed 
by lijdrofluorio acid , whereas this acid acts but shghtly on the original tourmaline, 
and other acids stdl less or not at all. According to v Kohell, pulverised tourmaline is 
imperfectly decomposed by siilphune amd before fusion, almost completely after fusion. 

Tommahnes are usually found in granite, gneiss, or miea^slate , they also occur in 
dolomite or gramUar limestone, and in sandstone near dykes of igneous roeks. Largo 
bluiik tourmalines occur in Greenland ; at Horlbeig, neiu' Bodenmuis, in Bavana , at 
Karingbricka, in Sweden, and near Bovey in Devonshire. Small biUhaut crystals, 
oeuiuTing in decomposed felspar, at Andreasberg in the Harz, 'constitute the variety 
called uphntc. Bubellita and green tourmahnos occur near Ekathonneuburg m 
Siberia, pink crystals are found in Elba, pole yollowish-brown crystals m talc at 
Windsch-Kappoll in Gariiithia; green at Airolo, in Switzerland, white specimena 
{achroitd) come from Sb. Gothnrd, Siberia, and Elba. Black tourmalines occur with 
tho emery of Naxos Magnificent rod and green toui'malnios have been found at 
Paris, in the State of Maine, some above an inch in diameter, transparent ruby-red 
witliiu, suiTouuded by green or red at one extremity, and green at the other. (Ees- 
pecting other American localities, see Dana, ii 274 ) 
troURlWAI.in'S, ABTiriCIAlh. This name has been apphed to sulphate of 
lodoquiuino, on account of its optical properties (See Quinine, p. 25.) 

TOVKiaAXZHE-HOCK. TOVSMAXINE-SXATE. Tourmaline and 
quartz are found united m rocks like mic.i and quartz, and thus form tourmaline-rock 
and tourmaline-slate Tho former is a crystallo-graiiul.ar mixture, containing also, 
crystals of felspar ; in the latter, tourmaline, varying in structure from neicular to gran- 
ul.ir, ocoui'S in alternate layers with granulai quartz These elates, by taking up mica, 
pass into mioa-slnto, or by biking up felspar into gneiss , tho mixture called tourma- 
line-rook passes, in like manner, into tournialine-granito (Handw. d Cheni. vui. 1046.) 
TO'WAM'ITB. Syn with Cqppbu-pteites (ii. 77). 

TBACHTDOXBRXTE. This name is applied to certain rocks, resembling both 
trachyte and dolerite in external appearance, and consisting of oligooiascorlabiadoiito 
and amphiholo or augite, with more or less muguotic iron-ore The mixture is flne- 
graiiied, and usually forms a grey or brown mass, m which small crystals of the 
above-named minerals are imbedded Specific gravity = 2 7 to 2 8 The proportion 
of silica in tho rock is from 50 to 60 per cent On the ti'achydolento of the Sieben- 
gebirgo, see De iters (Inaiigm-al dissertation; l)c connexu mta trachyten etbasalten, 
;{o., Bonn®, 1861; Jabresb. 1861, p. 1069), on that of Madeh'a and Porto Santo, 
Cochius (X pr. Chem. xciii. 129; Jahresb. 1861, p. 872) 

TEACH'S'TB. A felspathic rock, having a rough surface of fracture, and usually 
coiiBisling of a fine-grained or compact ground mass of sanidin, obgoclase, albite, or 
livbr.uioi'ite, or two of these minerals together, enclosing crystals or crystaUlne particles 
of those felspars, also of amphiholo or aiigite, and dark-coloured mica. When the fel- 
spiitluc ground-mass i.s decomposed, the rock becomes an indurated ehiy, and is then 
sometimes called domite, such an altered trachyte occurs on the Puy-de-Dfime 
Nodules of tiadrtto, hound together by a trachjticcemeut,formtracliyt6-oonglo- 
inerateortrachyto-breceia Trachytc-porphyrie.s are trachytes in which tho 
ground-mass is more or loss compact, and the imbeddM crystals of sanidin are more 
distinct than in ordmaiy trachyte, the lock also frequently contains brown or black 
Cl') stills of mica, and sometimes small crystals or grains of quartz On the trachytes of 
tlipEiigenosian Moimtiiiiis, near Padua, see G V Ka t h (Jahresb 1866, p. 916); on 
those of Aiiveigne, Kossmann (ihid 918) 

TKAGACASTH. See Gust (ii. 960) 

tTBAGOFOGOEr. The goiit's-hcard, Trayopogon pratcnsis, a composite plant of 
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the Bulioidor Cichoracea, contains, according to Sprongel (J. f tochn. Chpm. viii. 
363), in 100 pta of the fresh plant, 79 0 Tpator, 19 9 oiganie substance, and 1-10 ash. 
The ush free from earbouk acid contams, in 100 pts. • 

K^O Ntt«0. CttO MgO APQS. Fe’O^ Mo^O^. .S10«. S03. PHO'. Cl. 

24'6 2-4 33-9 7 4 1-4 0 3 0 2 3 9 8G 9’8 7 4 


TBANSFIBATIOIV. A term applied by Graham to the passage of gases and 
liquids through capillary tubes (See Gases, u. 820 , and Liontua, lu. 722 ) 
trSAHBTTDAXIOir. A physiological term, denoting the passage of liquids from 
the bloodrossela, without laceration or perforation, into closed or open canties of the 
body, into the parenohyma of the organs, or sometimes on to the surface of tlie body. 
(See Seeous Fonros, p. 235.) 

TBAP. A geological term, wliicb was applied to melaphyre, basalt, dolorite, 
diabase, gabbro, &e., and generally to more or less compact, dark-coloured, eruptive 
rocks, before the eeveral species were distinguiehed according to their coustitueuta. 
Trup-poYjthyty is an old name for the so-called greenstone-porphyries, inelaphyres, and 
phonolites. 

XSAFA. The mineral constituents of this water-plant and of the water of a pond 
near Nurnberg.in which it grows, have been examined by Gorup-Besauez (Ann 
Ch. Phai-m exriii 220, Jahresb 1861, p 761). — A is the composition of the aah of 
the plant gathered in June (stem-leaves, radical leaves, and roots), B, that of the 
plant gathered in May , 0 that of the fruit (the whole in percentages, after deduction 
of charcoal and sand); D, the composition, in 100 pts., of the ignited water-residue 
(amounting to 0’8044 pt. in 10,000 pts. of water) : 


pe^emt. Mo’Ot C«0 MgO. KSO 

A. 16 92’ 27’34 23-40 14-70 17 66 5-16 6 06 

B. 29-46 28-66 29-62 7-67 14-91 7 66 6-89 

0. 7-75 4-84 68 60 9 63 9-77 0 91 126 

D. . . 1-90 111 0 16 42-24 1 8 08 9 07 


WO Cl. S03. 
2 71 0-46 2 63 

1 41 0 06 2 73 

0-82 0 41 3 92 

9 21 1-18 17 03 


From the considerable proportion of iron- and manganese oxides in the ash of the 
plant, and from the different proportions of the several constituents in the pknt-ash 
and in the water, Gorup-Besanez concludes that water-plants possess the power of 
selecting the constituents of the nutritive matters presented to them, 

XKASS. A volcanic mass resembling pumice, and containing silicates decoinpos- 
ihlo by slaked lime, so that it is available for the preparation of oemonts. (See Biii- 
OATES OE OaIOICM, p. 261.) 

XRAVEKSE114XXE. A name appbed by Soheorer (Fogg. Ann xoiii 109) 
to certain pseudomorphs of hornblende after augito (regarded by him as paramorphs, 
iv. 350), ooourring at Traversolla in Piedmont. Those pseudomorphs ni-e remai-kabls 
for retaining the form of the augite crystals, while the substance, in consequence of 
the transformation, has acquired a flbro-erystallme structure, so that the augitio 
crystals are made up of parallel fibres. 

XXUBVEKxiiliro. Calcareous tafa» occurring at Tivoli, V itorbo, Ascoh, and other 
places in Central Italy. 

XREBA£ A, or XRIOAIrA. A substaneo imported fi-om Persia, and consisting 
of the hollow cocoons of a coleoptorous insect (Larinus maoulatm) The larva of this 
insect eats the branches of Echaiops persica, for the sake of the sugar, starch, and gum 
coutamod in them, and afterwards voids these eubstiinces to form its cocoon. The 
organic portion of trehala consists, according to Gnibonrt(J. Pharm [3], xxxiv 81 , 
Jahresb. 1868, p. 486), of 66 6 per cent starch, 4 6 sparingly soluble gum, 28 9 sugar, 
and bitter principle. The sugar, called trehalose, appears to be identical with the 
mycose of ergot-of-rye (iii 1698). The starch differe from that of tha potato, being 
more like that of sago, or still more like the insoluble portion of gum-tragacanth. 
Ti-ebal,i yields 4 6 per cent ash, of which 3 pts. are soluble in water, and consist of 
alkaline carbonates, sulpbates, and cblorides, with small quantities of phosphate , 1-4 
pts. insoluble, consisting chiefly of calcic carbonate with a bttlo ferric phosphate , and 
0 2 sand. Trehala has a sweetish taste, sweUs np in water, and is converted into a 
thick mucilaginous paste 

XRBBAliOSa. See Mycobe (iii. 1068). 

XBEnxziliXiA. A genus of golatinous algge Tr. mesenierica was found by Brandes 
to contam, in the dry state, 84 pts. of a substance which swelled up in water, and 
6 pts. of a peculiar crystallisable resinous body, called tremellin, but not further 
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investigated ‘ Tr Nosioc contains, m the fresh state, 97 per cent, water and 2 6 dry 
substance; the ash. consists mainly of potassium-salts. (Braconnot.) 

TBBMBKHBBBITB. a name given hy Piddmgton to a black, scaly, metallically 
lustrous mineral, probably an impure graphite, containing 86 7 per cent, carbon, 
together with earthy matters, sulphide of iron, and water. (Dana, ii. 30.) 

TIlBBl'oliIlx:, A BubspeoioB of hornblende (iii 169) 

TBI. In this Dictionary the syllable tn, prefixed to the name of a radicle occurring 
in any compound, denotes that tlie compound in question contains three atoms of that 
radicle: e. , trichloride of bismuth = BiCl“, trioxido of antimony, Sb'O’ , trisodio 
phosphate, Na’PO* ; trietbylamme, ^O-H®)*!!, &c. The prefix Ur is often used in the 
same sense. (See Nombnoiatobe, iv. 126, 127.) 

Individual tri-compouuda ore, for the most part, described under the several goneinl 
headings e. g., trioMonde of ksmuth under Bismuth, CitLoninES op , tnaodw phos- 
phate under Phosphates op SoniuM , tnethylamine under Ethtlamines, &c 

TBIAX.I.YB.SUX.PK10SXDXI. (C»H‘)»SI Tnallylmdfiniodur.—'Shw com- 
pound 18 obtained by healing nUybc sulplnde with mctbylie iodide in prismatic crystals, 
soluble in water, and forming an alkaline liquid with silver-oxide. (Oahours, 
Jabreab. 1885, p. 476.) 

TBIAiaYIi-ClYCHBIK, C'»II”0’ = appears to be produced 

by heating 1 vol acrolein, 3 vols. amjyhe alcohol, and 0 6 vol acotio aeid, to 110® for 
twelve hours. It is decomposed by distillation. (Alsberg, Jabresb. 1864, p 496.) 

TBIAMYliiDElirB. See Tbioxamylamine. 

TBIABTOSPEBMA, In the root of Tnanoaperma Jinfcha, a climbing encnrbi- 
taoeous plant, indigenous m Brazil, PookboU (Arch Pliarm [2], cxiii 104) found 
a drastic bitter principle {toguym), a small quantity of a body slightly soluble m alco- 
hol and water, insoluble m ether, and crystallising m pointed needles (irianospemun), 
and another {trianospermvtiri), crystallismg in white grama, soluble in other, but 
insoluble in alcohol and in water, besides several resine. 

TBICB.I|A. Syn With Teekala (p 878) 

TBICAFBOxrTl.A»nrE. See TanENABTimAMnni 

TBXCABBAXIiYlilC ACXD. C«H»0* = 0*. Maxwell Simp- 

son, Pioo. Roy. Soo xu. 236, xw 77, Cbom. Soc J. xviii. 331. — ^Wiobelhaus, 
Ann. Ch. Pharm cxxxii. 60. — ^Flasiwetz, Zeitschi' Ch Phaim 1864, p. 731; 
Jabreab. 1864, p. 805.) — A tribasic acid,* formerly ciiUed carhallylie acid, discovered 
by Maxwell Simpson, who obtained it by the action of potash upouallyhctrieyanide 
C»rC“(CN)’ + 3KEO -1 3H^O - C“H‘K;»0'' p SNH“. 

D essaignes (Compt. rend. Iv 610), by treating aconitic acid with sodium-amalgam, 
obtained a peculiar acid, •whieli, however, ho did not succeed in preparing in the pure 
state ; and this acid has been shown by Wichelhaus to ha identical with 'triearhallylio 
aevd. Lastly, Hlasiwetz has obtained the same acid by the action of aodmm-amal^m 
on aconitic ether. 

Freparatum. — 1. Prom Allylio tricyanida. — 1 at. allylio tnbromida and 3 at. 

E ure potassium cyanide are heated to 100° in a closed flask for sixteen hours with a 
irge quantity of alcohol, and the decanted alcobobo solution is boded with potassinm- 
hydrato as long as ammonia is evolved The alcohol is then distilled off, the 
remaining potaSsium-salt decomposed by nitric aeid , the dried mass exhausted with 
alcohol ; and the acid remaining after evaporation of the alcohol, first converted into 
an amnioniuin-salt, then into the less soluble silvei;-salt By deeomposmg the latter 
with sulphydric acid, the trioarbaUybc acid is obtained pure (Simpson). — 2. From 
Aconitic acid — Tlie sodium-salt obtained by the action of somum-amalgam on 
aeomtie acid is precipitated with acetate of lead , the washed precipitate is decom- 
posed with sulphydric acid, the acid thereby liberated, is repeatedly crystallised, aud 
then converted into a silver-salt, to free it from obstmatoly adheringrBSinouB substance, 
and this salt is decomposed by sulphydric acid (Wichelhaus) — When ethyhe aconi- 
tato 18 mixed with a quantity of Midium-anialgam (containing 0 8 per cent, sodium), 
sufficient to form a thick unctuous mass, the mixtiu-e being cooledfrom time to time, 
and this mass is treated with ether, the ethereal sohitton boiled with potash, then 
neutrahaod and precipitated with acetate of load, a load-salt is obtained, which, wlieii 
decomposed by sulphydric acid, yields tncarballylic acid. (Hlasiwetz.) 

ProMrties — Tnoarballylic aeid forma colourless crystals, which (according to 
JliUePs determination) are trimetrie, and exhibit tile combination cotoo . ooP 4? oj 
. ool'2 2P2, Angle aojeo ■ jl-co Jf 113° 34', i?® ifeo - 131° 62', ooP® 
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«1' = 13400 ’, ooP ooP = 920 0', «.?« : ®f2 =. 152° 38' f • 2^2 

= 1420 19’; ®P'2f2 = 147° 37’, »P3 . 2P2 = 153° 1’. The erystala cleave 
Jjerteclly parallel to »f® . The acid is easily soluble in water and in alcohol, spar- 
ingly soluble in ether, and has an agreeably acid taste It resembles succinic acid in 
nut. being decomposed by mtrio acid, and in forming, after neiitraliaation, a red-brown 
precipitate with ferric chloride , but it is distinguiahod from that acid by melting at 
168°, and decomposing at ahigher temperature (Simpson.) 

Tricarballylates — The neutralised solution of the aeid gives precipitates with 
the chlorides of barium and calcium only after addition of alcohol. — The hamm-salt, 
C'®H'‘'Pa’0‘’.6lI*0, gives up its water at 130° (Hlasiwetz). — The cdaiumsalt, 
C‘’H“’6iV®0'*.4E^0, is a white, amorphous, slightly soluble powder. — The cupriO salt, 
C'-H'“Cu''0'=, is a hluish-groen, the lead-salt, C'*lI'"Pb^O'’, a white precipitate. The 
aqueous solution of the acid, boiled with recently precipitated marcunc bxtde, yields a 
nitrate, which on evaporation deposits white crystals, having a silvery lustre. — The 
bilmr-salt contains C“jEI’Ag''0'' — ^Tho sodium-salts of tticorballyho acid are easily solu- 
ble, and difficult to crystallise — The disodtc salt has probably tbo composition 
C»HW0«.2H*O (Simpson,) 

TRIG ABB&X.:&TX.IO ETHSRS. Tho ethylio ether, | O’, is formed ■ by 

passing hydrochloric acid gas into a solution of triearhallylio acid in absolute alcohol, 
and distilling the product, after freeing it from excess of alcohoL It is a colourless 
liquid, boiling between 296° and 306°, slightly soluble m water, and having a sharp 
taste (Simps on) 

The I O’, prepared m like manner, is a heavy oily liquid, 

having a sharp taste, and a very high boiling-point. (Si mp so n ) 

Grlyeewi-incarbaU^ha aeid, (CH’^" J 0“ ?, is formed by heating triearballylio acid 

H’ ) 

with twice Its weight of glycerin to 200° for several honrs. On neutralising the pro- 
duct with baryta, end treating the salt left on evaporation with absolute alcohol, to 
remove the excess of glycerin, a bariuiu-salt is obtained, which appears to have the 
(C“H’0’)’"f 

composition (C’H‘)"’)-0*. (Simpson.) 

TRICBAIiCiTB, Cu’As’0’.6H’0. — A cupric arsenate, aUied to tyrolite, occur- 
ring in stellate groups and dendritic crusts on fahl-ore at an unnamed locality in 
Siberia. 

It has a verdigris-green colour and silky lustre , hardness = 2 'When heated in 
a tube, It decr^itatee very strongly, gives off a large quantity of water, and becomes 
dark-brown. The dehydrated mineral melts to a bead on charcoal, in the outer blow- 
pipe-flame ; in the inner flame it gives off arsenic vapoiU'S, and is reduced to granules 
of copper. It dissolves easily and completely m nydroetiloria and in nitne acid, 
without evolution of gas. (E. Hermann, J pr. Chem Ixxiii 212.) 

TBICHOPYRITE. Syn. witli CAHELauYPiBiTBS or Haute Suiphhie or Niokeh 
(IV, 42). 

XBICEASITE. Syn. with Eahotnitb (11 616). 

TRIDACIUM. Syn. with Theidaoium (p. 788). 

XRXnECYE, HirDBIEE OR. = C‘“H".H. ffydride of Coanyl.—k 

hydrocjiboii of the marsh-g,i8 series, occumng in American petroleum It boils at 
216° — 218°,lias ,i strong tnrpentme-liko odour, burns with a very smoky flame, and is 
eonveried by chlorine into idilonde of tridocyl, C’H-'Cl (Pclouze and Cahours, 
.Tuhresb. 1863, p 630 ) 

TRIETHYEGEYCBRIKT, or XRIETHYirW. C"H“0’ = [ O’- “ 

Tine compound, which Eeboiil and Loiirconqo obtained by treating dietbyl-chlorhj- 
drm with sodium-ethylate ( 11 . 884), is likewise produced by heating 1 vol acrolein, 
1vol. alcohol, and 0’6to1 acetic acid to 100° ; also, in small quantity, by gently heating 
a mixture of acrolein and alcohol saturated with sulphurous acid gas , but in tliis case 
brown resinous products aro likewise formed. 

Triothylio is a liquid having a pleasant ethereal odour, somewhat soluble in water, 
boiling at 186°, and of specific gravity 0-8956 jt 15°. (Alsberg, Johresb. 1866, p 
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T»IBXHTI.SU1.PHIWB. See 'the next article. 

XRlBTHYliSTriiPHXrROtrS COnXPOTrmrDS, (A. v. Oeffele, Chem. Soc. 
J, xvii. 106, Ann Oh Pharm. cxxxii. 82 j Jahrosb 1864, p. 478 — Oahours, Ann 
Gh Pharm. cxxxv. 352, oxxxri. 161; Jahresb 1865, p. 478. — ^Dehn, Ann. Ch. 
Pharm. Suppl. w. 83 ; Jahresb 1866, p 479.)— Etliylic monoBulphide, (C’H")''S, and 
etliylic iodide, when heated together, nnite and tbrm triethylie sulpbiodide, 
(OOT)®SI , this compound, decomposed by moist oxide of silver, yields the corresponding 
hydroxylato, (C^H“)’S(HO) , and from this, which is a strong base, the correspond- 
ing chloride, sulphate, nitrate, &o., may bo prepared in the usual way. (v. Oeffele ) 

Bromide and chloride of ethyl unite, m like manner, with ethylic sulphide, but less 
readily than the iodide. (Oahours.) 

Triethylao sulphiodide is also produced by the action of ethylic iodide on ethylic 
sulphydrate (mercaptan), or of hydriodio acid on ethylic sulphide (Oahours), thus ; 

0’H«,HS + 2C»H*I = fC«H')’SI + HI. 

2(02H“)“S + HI = (C='ff)“SI + 

Triethylie snlphobromide is further produced, togotlier with other snlphobromideS 
of ethyl and ethylene, by heating ethylic sulphide with ethylonio bromide and water, 
the reaction taking place by several stages, as follows : 


(0“H»)«S + O’HW = (0*^)8 

Ethylic Ethylonio Elhylcnlc 

sulphide. bromide. sulphide 


2C=H>Br. 

Ethylic 


0»H*S + C’H'Br® 

Ethylenlo Ethylenic 

sulphida bromide. 


(0®H»)*SBr*. 

Ethylonio 

Bulphodibro- 


(CTO'S + C=H»Br - (C»H*)>SBr. 

Ethylic Ethyllo Triethylie 

sulphide bromide. sulphonro- 

(C«H»)=S + 0«H<Br» = (CTO)(0»H»)2SBr». 


The mode of separating these products wiE bo described further on. 

The constitutions of these triethylie siilphur-compouuda may bo represented in tliroo 
difierent ways The iodide, for example, may be regarded . 
a. As triethylio sulphiodide, (C'lH*)* 

B. As iodide of triethyleulphine, (C^‘)”S"'.I. 

■y. As sulphurous triethiodide, j 

In the iirst of these formulae the sulphur is dicqulvalont, in the second tricqniva- 
lent, and m the third tetraeqnivalent, as in sulphurous acid, ’*• 

perhaps, the most probable view of the constitution of tbese bodies 
In the othylenic sulphodibromide, obtained by Dehn, in the manner above men- 
tioned, the sulphur may,' in like manner, be regarded as hexcqmvalent, as in sulphuric 


(0*ff )(0’H*)'’SBr’ = Sulphuric Ethylena-diothyldibromido, S"''! (0*H“)“. 


Sulphiiroue Bromotrietliide, 8(0®^)%. — This compound is produced, as 
above stated, by boating 1 at. ethylic sulphide with 1 at ethylic bromide, to 130° — 
140°, for eight or ten hours It crystallises in colomdess diombic needles, is ex- 
tremely soluble in water, sparingly soluble in alcohol, insoluble in ether (Oahours, 
Dehn ) 

Sulphurous Chlorotr^ethide, S(CPH‘)’C1.— Ethylic chloride heated to 100° 
for sixty hours with ethylic sulphide yidds only traces of this compound (Oahours) 
Dehn prepares it from tlie mixture of products obtained by heating ethylic sulphide 
with ethylenie bromide {supra) as foUows — ^Tlio wateiy portion of the product, 
containing sulphurous bromotriotludo, sulphuric dibromo-dielhylomdo, nnd sulphuiio 
You. Y. 3 L 
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dibroino-othylene-diethido, is separated from llio oily layer (eontainiifg diethylenio 
sulphide), and eTaporated; tlio residue is redissolved in water; the filtrate digested 
with recently-precipitated silver-oxide, and a sniiill quantity of silvor-sulphido , and 
the liquid (Ireed from silver and sulphuric acid) is supersaturated with hydroohluric 
acid, concoutrated, and fractionally precipitated with platinic chloride. The first 
scanty precipitates thereby obtained consist of the eliloroplatinates of sulphuric di- 
chloro-diothylraiide, S(G-H')-CRPtCl', and sulpliuroiis dichloro-ethylene-diethidc, 
S(C®II^)(C’H“)’CP.PtCl' , finally, the chloroplatmate of sulphurous chlorotrietbido 
orystallisps out, and this s,ilt, decomposed by sulpbydrio acid, yields sulphurous 
chloroti'iothide. 

Sulphurous chlorotriethide volatilises with vapour of water, deliquesces in moist 
air, IS insoluble in etlior, very slightly soluble in olcohol, and crystallises from a 
syrupy aqueous solution m white needles It unites with metalho ohlorides. — The 
Mormnerourate, S(C-PP)“01 4HgOP, erystalhsos in needles or lauunai, which dissolve 
in Cfl'8 pts. water at 20° (or in 8 pts. at 80°), melt and partially sublime at n tempe- 
rature a little above 100°. — The chlorostannate is a very soluble salt, erystallisme m 
needles. (Dehn.) 

The chloroplatmate, 2S(C’H*)’C1 PtCP, prepared as above, crystallises from a hot 
satuiuted solution in small light red needles, and hy slow cooling of a warm non-salu- 
r.itod solution in gornot-red, woll-developed crystals, which (according to A. Knop’s 
deterimnation) aro monoclimc, and usually exhibit the combination coP oP . osPeo , 
-hP®, the last two faces being suhordmato, and sometimes wanting, whereby the 
crystals acquire a rhombohedral character. Ratio of axes, a ■ b • o = 0'6745 • 1 
1 1068 Anglo J c = 6.6° 6', ooP • coP (clinod.) = 78° 62'; ooP • oP =. 68° 
40' and 111° 20' : oP +P® = 162° O', eoP ooPw = 129° 36'. The crystals 
melt at about 170°, dissolve in 30 pts water at 20°, in 3 to 4 pts. at 100°, are nearly 
insoluble in alcohol, and quite, insoluble in other. (Dehn.) 

Sulphurous Hydroxyltrietludo, S" as Hydrate of TnethyUulphne, 

(C*H*)®S HO, prepared hy agitating or boiling the iodide with recently-precipitated 
silvor-oxide, forms a strongly alkaline solution, which quickly absorbs carbonic acid, 
precipitates metalhc salts like hydi'ate qf potassium, and dries up over oil of vitriol to 
a crystalline, extremely deliquescent mass (v Oeffele) Aocoiding to Dehn, it dis- 
solves the skin like caustic potash, ebminates ammonia from its salts when warmed 
with them, emitting at the same timo a bhght odour of ethylio sulphide ■ forms a 
green precipitate with cupric sulphate, black ub the boiling heat , white with zinc-sul- 
phato and lead-acetate, the precipitate in either ease being insoluble in excess ; with 
alum, &o. it forms a gelatinous precipitate, easily soluble in excess. 

Sulphurous lodotriethide, S(0’H’)H, is prepared hy heating equivalent quan- 
tities of ethylio sulphide and iodide to 106° — 110° , or 1 at mercaptan, 2 at. ethylio 
iodide, and 1 at. absolute alcohol to 140° It separates from aloohoho solution in 
small c^stal^ belonging to the trimetric system, and exhibiting the combination 
Pm . ojP, often tabular from predominance of eoP® , and with the faces 
P® gencralljr occurring hemihedrally. The salt dissolves easily in water and in hot 
alcohol, but is nearly insoluble in ether , when heated above 100°, it melts, and decom- 
poses into ethylic sulphide and iodide, without separation of iodine. — ^When the ether- 
alcoholic mother-hquor remaining in the prepmation of the iodide, and eontaming a 
large quantity of free iodine, is sbaken up with mercury, the cdmpouud S(C-H“)'‘l Hgl“ 
is formed, and crystallises from alcohol in light-yellow needles or lamina?, sparincly 
soluble in water. (Dehn) 


Sulphurous Nitratotrtethtde, or Nitrate of Triethylsulphme, 

SNO^, Obtained Jby treating the hydrate with nitric ncid, forms dohqueseent 
needles, uniting in radiate laminse, it combines with nitrate of silver, forming the 
S(C’H*)*(hrO*),AghrO=*, sparingly soluble in cold water and in 


SiiifliuroicB SiclplLatotrietliidei Sulphate of Tmthylsitl'pMne^ 

[(C^H®)^S]* obtained by decomposing tho chloride with silver-sulphate, forms 
indistinct ciystnlline aggregates, easily solublo m water, sparingly m alcohol. 

Acetate — When sulphurous bromotriethide is decomposed with acetate of lead, and 
the filtrato freed from lend by Biilphydric acid, crystalline crusts are formed, which 
separate Irora alcohol covered wiUi a layer of ether, in large crystals containing hro- 
nime perhaps a compound of sulphurous bromotnothidewith sulphurous acototrietliide , 
and by completely removing the bromine with nectnto of silver, the acetotrietliide, 
or acetate of triethylsulphino, (C=H»)‘'S(C=H*0"). is obtained as a gummy mass, 
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slightly soluble lu absolute alcohol, and 'precipitated there&om in flocks by ether 
(Dehii ) 

Sulphurous loilonuthoSieiluile and lodo-amyldiethide are obtained, like snlphurous 
iodotriethide, by heating ethylic aidphido witli methyhe or amylic iodide. The former, 
treated with silver-oxido, yields a deliquescent hydrate , and from this a platinum-salt 
may be obtained, crystallising in needles, and eontaming 2CH’(C®H“)*S01.I’tCl‘. 
(Cahours , Dehn.) 

TBIBTHTTli-TBIXyiPHirCITE. See TETTrtPHTCiTB (p. 895) 
TBIBOiriTM:. The ash of three species of this genus, used as fodder for cattle — 
VIZ , Tr pratetise, common clover (1), Tr.pmtense perenne (II ), and Tr. mediumQIL ) — 
has been analysed by W ay and Ogston (Eoy. Agr. Soc. J. xi. [2], S36 , Jahresh. 1860, 
p. 0G8), with the following results: j_ n ' ui 

"Water, in 100 pts. of air-dried substance. . .810 81-0 78 6 

Ash per cent, in dry substance . . . . 9 68 8'46 7‘97 

Sulphur per cent, in dry substance . . . 0-27 0-10 0’20 

Composition of the Ash m 190 pis 

K30. Na!!0. CnO MgO. PeSOt>. SO» SIO* CO» P=0». KCl NaCl. 

I. 36'4 . 22 6 4'1 0 2 1’8 O'O 23'6 67 2 4 1-0 

n 221 2'8 28 6 10 2 0'3 2'1 1-1 227 8 6 3'4 

ni. 34 7 . . 24'6 4'6 0 2 1 1 0-6 26-6 5-4 0 8 26 

"Way (Eoy Agr. Soc J. xiv [1], 171)i has also determined the percentage composi- 
tion of the following species : 

Water. Alhu- Fat. Sugar. CoHu- 

min. • lose 

Tr. pretense . . 81 0 4'3 0'69 8 4 3 7 

Tr pretense perenite . . 81 0 3 6 078 8'0 4'9 

Tr. moematum .... 82-1 2-9 0 07 67 6'8 

Tr. medium . . . 74 1 6 3 0'92 9'4 6 2 

H'. prooimbems . . 83 6 3 4 0 77 7’2 3 7 

Tr repens 79 7 3-8 0 89 81 6 4 

Voloker (Scott Agr. Soc. J, July 1863), gives the following composition" Ho I. 
for Tt. pretense (red clover) , No. II for ZV. r^ens (white clover) , No III for Tr.hy- 
hndwm (Alsike clover) . i ij_ ju_ 

"Water 80'6 83 8 76 7 

Nitrogenous substance 3 6 4 6 4'8 

Non-nitrogenous substance 138 102 104 

Ash . . . . 20 16 20 

100 pts. of the dry seed of Tr. pretense give 4'68 pts. ash, of which 1 21 is soluble in 
water, S 19 soluble in hydrochlorie acid, and 0'28 consists of silica, 14"6 grins of the 
au’-dried plant of Tr. pretense grown in sand yielded 0 90 grm ash, and the same 
quantity of the plant grown in aiHfieial soil yielded 1'6 grm. ash, eontaming respec- 
tively . 

In sand. In artiflclal 

Soluble in water . 0 52 0 66 

Soluble in hydrochloric acid . 0'36 0 94 

Silica OM OM 

0 96 168 

TBIGEWIC &Cin. C‘ffN’0* = (CN)»0 C''H“(NH<)0. (Wohler and Lie- 
big, Ann, Oh Hiurm lix. 296 ) — This acid, containing the elements of cyanic anhy- 
dride and aldehyde-ammonia, is obtained, together with other products, by passing the 
vapour of cyanic acid over aldehyde The action is violent, and therefore, to avoid 
projection, only a few grammes of aldehyde should bo used, and the vessel kept cool 
with ice. The mass soon enters into ehuUition, giving off carbonic anhydride, and 
concretes into a thick substance, like calcined borax, frequently also a syrupy mass is 
obtained, in which crystalline crusts gradually form This product contains fcrigeuic 
acid, cyamohde, aldchyde-ammoma, and perhaps other accidental products. On dis- 
solving it in moderately strong hydrochloric acid, boiling tlio solution as long as 
vapours of aldehyde oontimie to go off, and then filtering, the tngonio acid ciystalhses 
out on cooling, if yellow, it must bo decolorieedwith animal charcoal. Its formation 
maybe represented by the equation 

+ 3CNHO =. C'H’N»0=i + CO= 

Alilchide Cviinic Trlgmilc 
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Trigomc acid cryatalHses in small pnsms, slightly solmhle in water, 'nearly insolu- 
blo in alcohol. When subjected to dry distillation, it molts and carbonises, giving off 
alkaline vapours, which have tho odonr of chiuohne, and appear to consist of that alka- 
loid ; cyanic acid is also produced. 

Trigonio acid is not precipitated by nitrate of silver unless ammonia is also added, 
in which case trigmate of silver', 0'*H“AgN''0*, is precipitated in the form of a powder, 
uppeanng under tho mieioscope to consist of crystalline spherules , when exposed to 
light, it acquires a violet tint. It dissolves in boiling water, and is deposited in 
the pulvoruloiit state on cooling. Between 120° and 130° it gives off water, and 
becomes liglit-broivn ; and at 160° it molts, turning blaelc, and giving off a thick 
vapour hai ing tho odonr of chinobne. 

TRIOXOCHIH'. Arrow-grass . — A genus of plants holonmng to the juncaginaceous 
order Tr. maritamim contains, according to Sprengol (J. tocliu. Chom. v. 293 , vi. 
02), in 100 pta: 76 0 water, 207 oi^anic substance, and 2 2i ash (I.). Tr. paluatre 
contains 7fi'0 per cent water, 227 organic substance, and 2 12 ash (II,). The ashes of 
these two plants contain, in 100 pts . 

KIO Ne=0. C«0 MgO. AP03 Fo^O’. Mn^OS. SIQU. Cl. P20». SOi. 

L 177 22 3 10-0 2 2 0'2 17 . i'i 8-28 4-9 3'8 

n. 137 207 14 6 3 9 0-3 0 4 16 6-1 130 0'6 26-1 


The root of Tr. marihmum is said to yield a large quantity of starch 

TBIGXYOOXXAWIO A.oil>. See 0LTCotLAino Acms (li. 906). 

TRrHEPXYXAMINE. (0’H'“)’N — Trioenavthylamme. (Petersen and 
Gossmann, Ann. Ch Phami. ci. 310 ; cii. 312 , Jahresb. 1857, p 388. — Petersen, 
Ann. Ch Pharm. cxxxn 168; Jaliresb. 1866, p 420 )— This base, originally regarded 
as triliexylamine (tricapronylaimno), is produced by heating sulphite of cenanthyl- 
ammomum witli three tunes its weight of a mixture of qitioldime and slaked hme : 

3(0’H'»)(NH<)S0» + 3CaO = (C’H'»)»N + 2NH« + SCiiSOb 
It IS also formed by heating amanthyl-ammonium-siilphite by itself to 260° — 270° in 
a sealed tube. When purified by boiling with sodic carbonate, washing with water, 
and rectifying in a stream of hych-ogen, it forms a liquid, pale-yellow by transmitted, 
grceiiish-ycllow by reflected light, and strongly efflorescent , it has an alkaline reac- 
tion, a peculiar aromatic odom-, and an alkaline aromatic taste, producing afterwards 
a scratching sensation in the throat It is lighter than water, and nearly insoluble 
therein, easily soluble in alcohol and in ether It precipitates alumina and ferric oxide 
flora their salts, and redissolvos thorn in excess,, does not decofiipose ammonia-salts 

The base turns brown on exposure to the air ; its salts are aU deliquescent, easily 
alterable, and form oily drops or syrupy masses. — Tho cMorophiinate, 20"H^'NC1. 
PtCP, separates from alcohohe solution, by evaporation in a vacuum, in yellow shining 

The base, loft in contact for several weeks with ethylic iodide, or heated with it to 
10(1° for 21 to 48 hours, forms a red oilymass, consisting of-iodide of trihoptyl-othyl- 
ammonium, (0’H>‘)»(CW)NI. 

trBIRBPEYXXSENE-]>XROSA.ITIXIirE. = 


(C'H‘)HN“. — Tnananthylidene-dirosamhne (H Sohiff, Compt, rend. Ixi. 46; 
(C'H>')’) 

.Tahresb 1865, p. 420 ) — ^Produced as an acetate, by tho action of cenanthol on crystal- 
lised acetate of rosanilme at ordmary temperatures, and separated by potash, from the 
blue alcoholic solution of that salt, in rod crystalline flocks • 


2(C“H'«)H»Il> -4 3C'H"0 = (C^''n'”)'(C’H'‘)''N" + 3H=0. 
Ilosonlllne. (Enamhol. Triheplylldene-tllrosa- 


It forms ci-j'stalline copper-coloured salts, insoluble in water, and several platmum- 
siilts. Both tho base and its salts decompose oven below 100°, especially in presence of 
oxcoBS of oiiiantlio], yielding a ydlow resinous mass, consisting mainly of h eptyli- 
done-dibonzylid6no-dinmine,C^>H’“N’ = (G'H'<)(0’H“)'N'‘ This compound 
scarcely exhibits basic properties, but nevertheless forms a yellow platiiium-sult, 
2(C-'H^“N^lICl).PtCP. Its formation probably takes place in tho manner represented 
by the equation . 


'J’riheptyHdonp- IleptyUdene- 

•dirosauilme. cl]|Hipiiylpno> 


diamine. diamine. 
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•nHHYBROCAUBOXVliIC ACID. See ^YsmooAXBOxrao Acids (iii. 189). 

TBllHERCB'HAarili, NITRATE OS'. Syn. with Nitbatb of DBeHUNTL- 
TnoffliicDJiijaioNii™:. (See PniiKYiAMitoNiCMS, iv. i76.) 

TRIIHBTHVE-G1.YCBRIW, or TRimBTHVEIN', C"H'‘0” = 

IS formed by heating 1 vol acrolein, 3 vole, methylic alcohol, and 0 6 vol acetic acid, 
to 100° for aeyeral hours. It is a liquid having an agreeable odour, somewhat solablo 
in water, boiling at 148°, and having a speeiiio gravity of 0 9433 at 0°. (Alsberg, 
Jahrosb. 1805, p. 495 ) 

TRZniETRTESEXFHINI!. See the neit artic 

TRIlWBTHTIiSUlPHirROES COmtFOENBS. (Cahours, Ann Oh. 
Pharm. cxxxvi, 161 , Jahresb 1865, p. 476. — ^Dehn, Ann Oh Pharni. Snppl iv. 83 ■ 
Jahresb 1866, p. 479.) — These compounds are analogous in composition to the tn- 
cthylsulphiirous compounds above described (p. 881), and are obtained by similar re- 
actions. 

Sulph^trotis lodotrimethzde, or Iodide of Trimcthylsidphme, 

(0H*)®S.I, is produced by direct combination of methyho sulphide, (CH”)’S, and me- 
tliylio iodide, COT , the two substances unite, at ordinary temperatures, to a white 
crystalline mass, which dissolves easily m hot water, and separates, by slow,eTaporation, 
in large prisms, quickly turning brown on exposure to hght. The same compound is 
produced, together with methylic sulphydrate, by boating methylic sulphide with hy- 
driodio acid in a sealed tube (Cahours) • 

2(CH»)»S + HI = (CH>)>SI + CH«.H.S. 

A mixture of methyho sulphocyauato and methyKo iodide also solidifies on cooling to 
a orystalhne mass consisting mainly of sulphm’ous lodotnmetlude This compound 
IS slightly soluble in strong alcohol, insoluble in ether, and crystallises from aqueous 
alcohol in white needles, made up of small rhombic tablets. The aqueous solution 
IS portly decomposed on evaporation, yielding metliyho sulphide and free iodine. 
(Dehn ) 

The iodide, decomposed with recently-precipitated silvor-oxido, yields sulphurous 
hydroxyltrimethide, ^ , or hydrate of trimethylsulphino, 

(GH“)SH0, which is a strongly alkaline base, and, when neutralised with hydrochloric 
acid, yields the corresponding chloride in colourless dohqnescont prisms — ^Tho 
chloropatinate, 2(CH®)'a01 PtCl-*, crystallises from hot water in sparingly soluble 
orange-yellow prisms. — The cMorouurate and chloromercw ate also crystallise distinctly. 
The other salts, obtained by decomposing the iodide with bilver-s.vlt3, are crystalhsablo 
and deliquoscont (Oahoursl. — Thomirefe forms, with nitrate of silver, a sparingly 
soluble double salt, which crystallises m needles (Dehn ) 


Sulphurous lodo-ethyldzmethide, 


e-j®’.,. 


produced by the combina- 


tion of methyho sulphide with othylic iodide. (Cahours.) 

Sulphurous Siiromodtmethide, , is produced by adding bromine to 

methylic sulphide difiiised through half ita bulk of water, and treating the resulting 
reddish-yellow crystalline compound with a few drops of methylic sulphide. It is 
deliquescent, and separates from its colourless aqueous solution, by evaporation in a 
vacuum over oil of vitriol, m amber-yellow octahedral crystals. Moist silver-oxide 
converts it, at ordinai'y temperatures, into the corresponding oxide, S(CH’)®SO, which 
does not exhibit any alkahne reaction. (Cahours ) 

Sulphurous Dibromo-ethylene-tetramethide, §•‘4 (CH")' , m produced, by 

heating 1 at. ethylenio bromide with 2 at. methylic sulphide to 100°, as a crysteHine 
mass, which dissolves readily in water, and crystallises in a vacuum, in colourless 
well-defined crystals. It is deliquescent, is dissolved in all proporkons by hot waten, 
less easily by alcohol, is insoluble lu ether, and is precipitated by ether from the alco- 
holic solution in white prisms With silver-salts it yields silver-bromide, and very 
deliquescent salts , witli roeently-preeipitated silver-oxide, a caustic alkahne solution, 
f(C''H*)" 

containing the oxide, SV (OH»y —The cMoi opMmate (C-H')(CH»)'S*CP.PtCP, is 
orange-yellow and crystalline. (Cahours.) 



TRIMETHYL-TELLUEOUS COMPOUJNTDS. 


, Br^ 

■bination ot 3 at methylie salphitlp, (CII“)'‘3, -nrith 1 at. monobrometliylcnic Bromide, 
G'ffBp.Br”. It 18 erystallisable, deliqiiescont, and reacts Mitli silvor-oxido like the 
preceding. (Oaliours) 

Iodoform dibsolves easily in methylie sulphide, and crystallises out unaltered, on 
leaving the liquid to ovaporute, hut the mixture, if heated to 180°, tuins hrorni, and 
deposits A davk-colom-od crystalline mass, analogous in composition to the bromide lust 
deoribcd (Cahours ) 


TRllHI!XKVll-TBJ.liI7aOITS COlWPOUMDS. (Caho urs, foe. cit)~Tel- 
lurous loiotrimethxde, Te*’ | produced by direct combination of methylie 
telhirido with methylie loOUde, is aiystulline, slightly soluble in water, easily soluble 
in iilcuhol. The alkaline base, obtained from it by the action of silver-oxide, yields, 
when iioutralised with hydrochloric acid and treated with platinio chloride, a chloro- 
platimie, 2(0H,*)*IeGl.PtCB, isomorphous with the corresponding sulphur-compound. 

Similar compounds are formed with ethylic telluride and iodide , also with the cor- 
responding selenidos and iodides 

XaiiaOBPHISlH:. See DiMOBPmSM (ii. 331). 

TBUSTACSITB. A mineral from the palagonite tufa of Cape Passaro, in Sicily, 
in which it occurs mixed with sideioaihcite. It contains 31 82 per cent. SiO®, 38 95 
PoSO^ 3 28 APO’, 2'62 CaO, 4 57 MgO, 4'19 Na^'O, and 3 4 EaQ (S. y. Walters- 
hiiuson, PwfcniKsc/ic Gesteae, p 232.) 

TKIffiWAM'THYIiAMlM'B. Syn. with TniHEPTnAiumB (p 88 1) 

TaifflKrAW'THin.IDEWH-DIIiOSAKIMM’B. Syn. with TnnDSimroENE- 
WIBOSiNILlHE (p 884). 

XBIOIIiITE. A name applied by Haidiuggr to the sulphide of iron, PeS, occur- 
ring in meteorites. (Jahresh. 1863, p 905.) 

XBXOSAinvXiAiaxHB. (C*H''0)«N. (J. Erdmann, Ann Oh. Pharm uxxx 
211, Jahresb 1864, p 420 )— A base produced by heating anhydrous yaleral-ammo- 
nia, or a mixture of valeral and strong aqueous ammonia, to 130° in sealed tubes for six 
or eight hours . 

3(C»H'»0.NH') =. (O'H»0)«K + 2NHS. 

Erdmann designated this base as tnamyhdonoxydamnumia, or tnoxamylidene , the 
namo and formula above given, which represent the base a,s analogous to hydi’Obcuza- 
mido, &e , were suggested by Petersen. (Ann. Ch Pharm. cxxxii 138) 

To obtain the pure base, the oily layer, which floats on the liquid when the reaction 
IS completed, is distilled with water, the non-volatile poitioii, separated from the 
water, is dissolved in strong hydrochloric acid , and the hydrochlorate, (C*II"0 )“N UGl, 
whioli separates from the solution in erystaUmo crusts, is washed with a littls water, 
pressed between filter-paper, recrystallised from alcohol, washed with other, and then 
shaken up with ammonia and ether. The resulting solution yields tlie base, on evapo- 
ration, ns .1 colourless viscid oil, having a prmgont odoiu’ when warm, and a specific 
gravity of 0 879 at 22°. It is partially decomposed by distillation, with evolution of 
amiiioiiui, Iws a strong alkaline reaction, is but slightly soluble in water, easily solu- 
ble in alcohol, and, when once sep.irated, iiiiiles but slowly with acids, forming eiys- 
tallisablo salrs -—The ehkroplatimte, 2(C“B.““0’K HGl).PtGP, is resinous, and crys- 
tallises from alcohol in yellowish-rod giauules 

Trioxamylainine, heated for several hours with eth/lui iodide, is partially acted on, 
foniuiig an iodide, which, when treated with silver-oxide, yields a very bitter dlkabne 
base, obtamnblo m the form of a soft yellowish ream. 

tTBIOXYABIZABinr. Syn, with PsEunopUBpnraK. (See Puepukin, iv, 731.) 

XH.lOXTrPH.OTBEIir, Sob Pbotein (iv. 738). 

TBI7B-SX01VB, A variety of anhydrous calcic sulphate, composed of contorted 
plates. 

XBXPRAHB. Syn with Spodumenb (p, 403). 

TBIPIXYIiIiXsrB. LiLhio-forroso-manganous phosphate, (LP , Pe , Mn")®P“0'. 
(See Phosphates, iv. 572.) 

XBIPliB SAIiXS. A namo sometimes applied to salts containing three diffe- 
rent bases, Bueli as microco.smic salt. N.i(NIP)IlPOt 
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Fm'ogo-manganous phosphate. (See Phosphates, iv, 671 ) 

TBIPOdjASB. Syn,' with Thomsoottb (p. 784). 

TRIFOIiI. Quarz aluiwmifin injioUen. ArqUe tnpoUemie. Terra tnpolUana — 
A mineral consisting chiofly of sihea, with small quantities of alumina, feme omda, 
and water, oocnrring massive in beds and nodules m ranoua formations. Its struc- 
ture is coarsely or ^ely earthy, sometimes rather slaty in the mass , of whitish, yel- 
lowish, greyish to blackish colour, sometimes spotted or stnped , duU, opaque; 
somewhat rough to the touch, soft to friable, and of specific gravity 1'86 to 2 7. It 
may be regarded as an earthy variety of opal. 

TBITHIOITIC ACID. BC'S^O’ See SucPHDB, OxTOBN-Aoms op (p. 639). 

TRITXCIir, A name sometimes applied to the gluten of wheat 

TRMJICUIM. A genus of grasses including wheat. The rootstock of Tr. rej)ens 
(conch-grass) is distinguished by its sweetish taste. Pfafif found in it a peculiar sugar, 
which Berzehus regarded as mannite. Stenhouse ^Ann. Ch Phnrm li 364), by 
exhausting the extract of the plant with alcohol, obtained no mannite, but needle^ 
shaped ciystals of acid potassio oxalate, and an uncrystallisable, cosily fermentable 
sugar. Vo Inker, howeyer (idea! lix 880), has frequently observed the occmrence of 
mannite in the extract of couch-grass root, he found, indeed, that the extract of roots 
grown in the hot and dry summer of 1849, solidified almost entu'ely to a mass of 
needles of mannits (Handw. d. Ohem viii. 1031.) 

Eespocting the composition of wheat (Pr. vulgare, &c ), and of its ash, see Cbubais 
( i, 824—828). 

TRZTOKITE. A hydrated slUcato of cerium, lanthanum, calcium, &o , occurring 
ill the syenite of the island of Lamo, near Brevig in Norway, m imbedded tetrahedrons 
exhibiting no distinct cleavage, but only a couchoidnl fracture. Hardness =66 Specific 
gravity = 3'90 to 4'66 Colour brown to yellow, streak yellowish-groy Lustre 
aemi-metsJlio. Opaque or translucent on the edges only When boated before tlio 
blowpipe, it often splits violently, swells up, and turns white With borax, it fomis 
a reddish-yoUow bead, becoming colourless on coohug , when heated in a tube, it gives 
oflf water and fluorine In the pnlvernlent state, it dissolves in hydrochloric acid, with 
evolution of chlorine and separation of gelatmous silica. 

TRITOXIDB, A term formerly need to denote the third in a series of oxides, tho 
first and second terms of which wore called protoxide and deiitoxide. (See Noinat- 
OLATUEE, IV. 123.) 

TRITYIi (better known as PROPYIi) is tho third radicle of the series 
Existing in combination, its formula is C*H’. In the free state it can hardly bo said 
to he known os an actual substance, hut, in accordance with received doctriuos, its for- 
mula must he and it is probably identical with the hydride of hexyl occurring ' 
in petroleum (iii. 163). 

Isotrityl, or isopropyl, differs from propyl, and has been obtained by S ehor- 
lommor (Proe. Eoy Soo. xvi. 36), by acting on iodide of isopropyl with sodium m 
presence of ether It is a colourless mobile liquid, resemblmg the hexyl-hydnde of 
petroleum in smell, but having a lower boiling-point, vis. 68°. Specific gravity at 10° 
= 0'6769. It is easily attacked by chlorine in the cold, yielding C“H'''C1 With chlorino 
and iodine it gives, not C“H'*C1, but C“H''-CP, and products still more highly 
chlorinated. DUuto chromic acid oxidises it to acetic and earhonic acids. 

Isupiopyl combines with alcobol-radiclcs when it is liberated nascent, in presence of 
tile r.adicles also in the nascent state. Thus Schorlomnier {loc.mt) obtained 
amylisopropyl, CH’®, a colourless liquid, boiling at 109° — 110°, and of specific 
gravity 0 6980 at 16 6°, by attacking a mixture of iodide of amyl and iodide of isopropyl 
With sodium. 

Tho differonoo in structure between normal trityl and isotrityl is expressed by the 
following formula . 



(See' Segohuart Axcohoxs, p 216). Our knowledge of the entire trityl-group is very 
imperfect, and, for tho most part, of veiy recent date. 



TRITYL- OR PROPYL-COMPOUNDS. 


Of uol'mal trityl-eompoiinds wo know common bntyric acid, wliich is r 


oIh 

(OOOH 


ho6o, 


being "propylatod” acetic acid, or, what is the same thing, a coinponnd of normal 
propyl with oxatyl (0=C-OH)'. (Frnnklandand Duppa.) 

Propylamine, obtained by Mendius, who treated cyanide of ethyl with nascent 
hydrogen, is a normal trityl-componnd, giving, as Chapman and Thorp have shown,’ 
pro|ione-aldohydo and propionic acid when snbjeclod to tho process of “limited 

Hydrido of propyl must belong to both tho normal and tho iso-senes, as is obvious 
on mspection of tho formulae . 


Normal propyllc hydride. 



Isoprop j He hydride. 



Off 

6h» 


In hotli normal- and iso-hydride of propyl, there is an atom of carbon which is 
directly united with two atoms of hydrogen and with two equivalents of carbon be- 
longing to sopai'ate atoms of carbon.* 

■\Vifb tho exception of hiityno acid and ila derivatives, propylnmine and its dorivn- 
tiros, cyanide of propyl and propyl-hydrido, wherein tho two scries bccomo fused 
togethar, thora is at the present date (1807) no known compound which can be said 
with certainty to contain normal propyl. ’Whether a numerous set of normal propyl- 
compounds is inherently impossible, or only not discovered, remains to he soon ' 

One of the earliest (if not the earliest) recognitions of the tntyl-group is to be found 
inOhanoeTs note in the Comptes Hendus, xxxvii tlO (18S3), which describes a 
tntyl-aloohol extracted by fractional distillation from laigo quantities of ciiide amylio 
alcohol. Great uncertainty surrounds this research of Ohaneel’s, which requires con- 
firmation by tho much-improved methods of later years, before wo can receive it as an 
estahhshed fact that some varieties of fusel-oil contain trityhc alcohol. 

A.ttempta to farm normal trityl-alcohol by synthesis have hitherto faded Attempts 
have heen.made to produce it by means of propylamine, prepared by tho metliod of 
Mendius from cyanide of ethyl and nascent hydrogen. Nitrous acid attacks the pro- 
pylamine, hut no modification of the method of experimenting has yet succeeded in 
couvortiag the propylamine into the normal alcohol. Tlie attempt to make it through the 
aldehyde— whicli, if 'Williamson’s reaction were of general application, should hs formed 
by the distillation of a mixture of propionate and formato of barium — ^luis miscarried 
oven earlier m the process, for, accordmg to recent researches, propione-aldehyde itself 
fulls to be formed. 

It yet remains to try to odd hydrogen to the normal propione-aldehyde obtained 
by the oxidation of Mendius’s propylamine, or to chlorinate the hydride of propyl, and 
then proceed, through the resulting chlorine-compomid, to the acetic ether and alcohol. 

Isopropyl-compounds are, on the other hand, obtained with facility, and in a per- 
fectly satisfactory condition. 

Bertholot has shown that propylene, the olefine of tho group, is easily hydrated 
by means of acids : 


C»H« + H“0 
Propy- 


= ^“0. 


Erlenmoyerbas transformed glycerin into iodide of isopropyl, which is capable of giving 
tho isoalcohol ' , ‘ 


GIjcoHn. 


H=GH 

ntl -h 3H*0 - 
ffOH 

Iodide of 
Isopropyl. 


* a stnliinR cxawpto of the value of thevo latest dov6lnpuicnt.s of chemical theory has Just been 
given by Schorlummer, who has prepared hydride ol laonropyl hy the action of zinc and hjilroclilonc 
and on iodide of isopropyl It Is Iduitlcal with iiormiil hydride uf proml. kividk normal chloride ol 

nrnml alien nljacliedby thloriDOmn.eseoennrin.lin.. 1 IJ.O 


piescnce of Iodine. 
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Finally, Frled4 Baa added hydrogen to acetone, and produced the iso-alcohol. This 
important reaction completely dears up the structure of the isopropyl-oompoimds : 


fOH» 

0|0 + 
(Off 


HtoH. 




(See gEOOHDAE-r AioonoLS, p. 216 ) J. A, W. 

TRIXTA AIiCOHOlS. Kormal trityl alcohol is not known mth certainty. It 
is said to boil at 98° to 97°, and to he a fruity hquid, very soluble in water, but not 
soluble in all proportions, and to be contained in some samples of crude amyho alcohol. 
(Chancel, Compt. rend, [1863] sxxvii. 410.) 

A tritylaulphurio acid, formed by the action of sulphuric acid on tha alcohol, is also 
described. 

Isotrityl alcohol, or Isopropyl alcohol, or Paeudopropyl alcohol, or 
Propylene-hydrate. — Formed, as just described, from propylene, glycerin, or 


Pi oparation.—a. From Oxalate, or Acetate of Isopropyl, which may beeasily 
decomposed by potash or soda. If the alcohol is wanted in large quantities, this 
would piobably prove the most convenient process, inasmuch as the iodide of isopropyl, 
from which the oxalate or acetate may be readily prepared, is easily obtained piu'o 
and m large quantity. , 

P. From Acetone, — Onevol ofacetoneisadded to 6 vols, ofwater, and then treated 
with sodium-amalgam. After a while, on oily layer separates. The whole hquid is 
thou to be distilled, and the oily distillate mixed with w.iter, and again treated with 
sodium-amalgam By repeating this process six times, a transformation of much of 
the acetone into the isoalcohol is effected. In order to purify the product, it is dnod 
with carbonate of potassium and distiUed, then rubbed up with powdered and well- 
dned chloride of calcium. The mass is subsequently dried in a vacuum over sulphuiio 
acid, wlion the acetone evaporates, leaving a dry powder, oonsistingof the compound of 
isoaloohol with chloride of calcium. Simple heating drives off the isoaloohol from 
tins compound, and roctiflcation suffices to pmnfy it completely. (Linnemann, Ann. 
Ch. Pliarm. oxxxvi. 37 ) 

Prupertm —Isopropyl alcohol is a colourless, not very mobile hquid, having a 
peculiar odour, not at all resembling that of amyl alcohol Boils at ,83° — 84°, under 
a pressure of 739 mm At 18°, its specific gravity is 0 791. It does not freeze at 
— 20°. It does not act on polarised light. It is very difficult to dry, mixing with 
water m all proportions, and forming several hydrates of considerable stabihty Tlio 
existence of these hydrates was first observed by Erlenmeyer, and afterwards confirmed 
by Linnemann. The following is the composition of these hydrates ; 

I. (30’H«0 2ffO) boils at 78°— 80°, specific gravity, 0 832 at 16°. 

n. (2CSH»0.H“0) „ 80° 

HI (30“H;«0fH’0) „ 81°, specific gravity, 0-800 at 16°. 

The second, discovered by Erlenmeyer, simnlates common alcohol, having exactly 
the same percentage composition as that substance. It boils only shghtly higher 
than common alooM, and retains water so strongly, that it does not render blue 
the white anhydrous sulphate of copper. In order to dehydrate it completely, it is 
well to use a httle metallic sodium. To distinguish between this hydrate and common 
ethylio alcohol, the readiest plan is to submit the liquid to the action of wdlne and 
phosphorus, which transforms the one into iodide of isopropyl, and the other into iodide 
of ethyl. The resemblance extends very far Both eompoimds yield acetic ocid 
on oadation, the hydrate of isopropyl alcohol giving, however, carbome acid in 
addition. 

The characteristic property of isopropyl alcohol is, that it yields acetone by oxidation 
with dilute chromic acid. This important observation was made by Friedel, after it 
h.id been predicted, in a most remarkable manner, by'Kolbe, who had had, so to 
speak, a vision of the secondary alcohols with their leading cliaracteristics On 
pushing the oxidation further, the acetone breaks up into aeetio acid, carbonic anhy- 
dride, and water : 
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fOH» fCH« 

0 CH» + 0^ = C]0 + 00“ + H“0. 

(o (oh 


Sromiw attacks isopropjl alcohol, -withdra-wiiig hydrogen, and leaying acotona. In 
practice, this roiiction is very complicated, the hydrohromic acid resulting from this 
change attacking some of the laoalcohol, and giving bromide of isopropyl, and the 
iieotone suffering a fiirtlier attack — ^Distilled with mutate of potasshim and sulphueia 
and, it yields acetate of isopropyl — Digestion at 140“ with acciic and also gives the 
acetate of isopropyl The butyric ether is formed similarly, and distils at about 130°. 

O'. A. AV 

TRITTXi BTHBES. The normal trityl ethers are scarcely known, but several 
isotntyl ethers have been prepared . — 

Bromide of leopro-pyl, CH'Br, is obtained by heating the alcohol with liydro- 
hroinic acid, also by the action of bromine on the iodide of isopropyl It is a liquid. 
Specific gravity = 1'320 at 1S° Boiling-point = 60“ to 63“ at 739 mm pressure 

Chloride of Isopropyl, 0"H“C1, prepared by tho action of hydrochloric acid on 
the alcohol, is a liquid, boiling at 36“ to 38“, at 741 mm. pressure Specific gravity 
at 10“ = 0;874. 

Cyanide of Trityl, C’H’.CN {See BimaiONiTini.E, i 698 )— This compound is 
obtained from normal butyric acid, and yields normal butyric acid and ammonia when 
It IS made to take up water. 

Cj/a»idc o/Isoyropyl, C*H’CN. (Erleiimeyer 1 — ^When 1 at iodide of iso- 
propyl and 1 at. cyanide of pohissimn, dissolved m alcohol, are digested m tho water- 
bath, iodide of potassium is formed, the licjiud acquires a very disagi'eeable smell, and 
there results an aloobolio solution of c;?nnide of isopropyl It is diificult to sepaihte 
the alcohol from, the cyanide, which boils at about 80°. On boiling cyanide of isopro- 
pyl with alcohohc potash, ammonia is evolved, and isohutyrate of potassium produced 
C’H’CH + 2H“0 = C'H’COOH + NH*. 

Isohutyrio acid is quite distinct from butyric acid, and was the first recognised example 
of an ISO-fatty acid. 

Iodide of Isopropyl, C’H’I (Erlonmeyer, Zeitschr Oh. Pharm 1861, pp 
062, 673.)— Obtained by the action of hydriodic acid on propylglycol, iodide of ally], 
isoprojiyl alcohol, propylene, or glycerin. It is moat conveniently prepared by dis- 
tilling glycerin with a great excess of strong hydriodic acid ■ 

C»H“0° + SHI = C“H'I + 3H«0 + 2P. 

The reaction is perfectly neat, if proper precautions he taken Tho conditions to be 
sati, sited are these — The hydriodic acid used must he sufficiently strong (boiling-point 
about 126°) ; if too dilute it may be concentrated by distillation, the strong aoid re- 
niaiiimg behind in tho retort. There must ho always great excess of hydriodic acid. 
Tho loiBne sot free should bo reconverted into hydriodic acid by meane of phosphorus. 
Tlie operation succeeds either on tho small or the large scale. The iodide of isopropyl 
has been recently manufactured in quantity 

PreparaiMM.— 100 lbs of iodine, Slhs of phosphorus, and 100 Ihs (or rather more) 
water, are employed. A little of the water is warmed, and put into a large vessel , and 
the iodine and phosphorus and water are added by degrees, and well stored up. The stu'- 
I'ing renders the reaction quite manageable The first quantity of water is warmed to 
start tho reaction, afterwards tlie water is added cold. In tins way there is obtained a 
strong solution of hydriodic acid containing also some phosphoric acid. This solution 
is put into an iron still and distilled, until very concentrated hydriodic acid hegiiie to 
pass over. When the concentration is sufficient, a ehai'go of 11 lha of glyeenn is put 
into the stillj ond 3 lbs of phosphorus added by degrees A very energetic acfaon is thus 
setup, and iodide of isopropyl distils over very rapidly, accompanied by water and hy- 
driodio acid. When the action has become moderate, a second charge of 11 lbs. of 
glycen n and 3 lbs of phosphorus is introduced into lie still. Wlien the second charge 
has worked off, a small third charge may ho pat in. 

Ultimately the products arc iodide of isopropyl, hydriodic acid, and phosphoric acid. 
Wlien the phosphoric acid has accumulateik it is necessary to distil off. The hydriodic 
acid is ready for a second operation. By operating as above described, a quantity 
of iodide of isopropyl may be obtained, very close upon that required by theory, and 
in a senes of operations veiy nearly aU the iodine used may be transformed into the 
organic iodide. 
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The iodine, js it la aet free, is transformed into Iiydriodie acid by the action of the 
phosphorus and water, and becomes available 

If an insufficient quantity of b 3 'driodic acid be allowed to act on the glycerin in the 
above process, the iodide of isopropyl will bo contaminated with iodide of allyl. 

Maxwell Simpson hae shown tliat iodide of allyl is transformed into iodide of iso- 
propyl by ti’catment with bydriodio acid. 

I’roiperties — Iodide ot isopropjd is an oil, boding at 89° to 90°, under a pressure of 
735 mm. Specific gravity 1-70 at 16°. In smell it resembles loffide of otbjd. It is 
nearly insoluble in water, and dissolves phosphorus and iodine. 

"With sotlium, in presence of ether, it gives propylene, hydride of propyl, and di- 
isopropyl (Schorlemmor ). — Uromine drives out the iodine, forming a bromide of tbo 
radicle . — GUorvm attacks it more deeply, giving, among other products, triehlorhydrm, 
O’H'CP. — With oxalate of stiver, it gives oxalate of isopropyl — With acetate of stiver, 
it yields acetate of isopropyl, boding at 90° — 93°, according to Friedal. 

With oxide of stiver and tauter, it gives isopropyl ether, isdpropyl alcohol, 

and propylene, G’H°. 

With alcoholw potash it gives propylene. It reacts on ammonia, giving some pro- 
pylene and au organic base. It forma new bases when made to act on aialina or on 
rosamlme ' 

Carefully oxidised witli dilute chromw aetd, it gives acetic and carbonic acids, and no 
propionic acid. (Chapman and Thorp.) J. A. W 

TRXtrTIi, HTBRIItS OF. This compound appears to occur in American petro- 
leum (Ronalds). By heating to 276° a mixture of bromide of prqpj'lcne, C’H*Br®, 
iodide of potassium, and water, with metallic copper, there is obtained iiropjdeno, hy- 
dride of propyl, and oarbonie acid. Hydride of prop)! is a gas, wbicb is soluble in 
alcohol J. A. W 

rC^H’ 

TBITVIAMIWE, or PBOPTaAMIKTE. NIh .—This base IS isomeric 

1h 

with trimothylamino, which has often been mistaken for it Tlie only process by 
which It bus been prepai’ed is that of Meiidius, viz., by tbo bydrogomition of cyanide 
of ethyl 

C'-ffON + H* = C»H'lSr. 

To prepare propylamine, 36 grms* of cyanide of ethyl, 500 grms. of common alcohol, 
200 guns of water, and 600 grins of 20 per cent, hydrooblovio acid, are allowed to 
not on excess of granulated zinc, and then distilled The distillate is put back once, 
and 400 grms. of hydrochloric acid are added. The product is distilled to got rid of 
the alcohol, then excess of aticah added to the residue, and tbo distillation continued, 
whereupon propylamine and water como over, 

Rrom 36 gmis. of the cyanide of ethyl, 9 grms of pure propylamino have been ob- 
tuiued (Mendius). Propylumine is dried by distillaUoii from solid potash 

Properties — Bright, colourless, highly refracting, very mobile liquid, posaeasing a 
peculiar, strongly ammonmcal odour, very different from that of methylumino It is 
miscible with water, becoming hot in contact witli it Boils at 60°. Its aqueous solu- 
tion proeipitiites the oxides of iron, copper, lead, aluminium, nickel, cobalt, and 
mercury, and does not dissolve the precipitate when added in excess. 

The precipit.ite formed i^ith silver-solutions is soluble in excess. 

The propylamiue, prepared as ,iust described, is a true normal propyl-compound, 
giving, on oxidation with dilute chromic acid, propione-aldehj'de and propionic acid, 
and not giving any carbonic acid oi acetic acid (Chapman and Thorp ) 

It combines with acids, foiming crystalhsable salts — Tbo chloride, N0’H“HC1, 
forms very deliquescent crystals, freely soluble in alcohol, almost insoluble m other. 
i\ little above 106° it melts, and sublimes unchanged It may be obtained, in largo 
squai’C plates, by cryst.illihdtion from stiong alcohol — The cUoroplatmate, 2IfG“H'"01. 
I tCB, IS inoclerutoly soluble in hot water and alcohol, and insoluble in etlior. It often 
i( rms fine crystals, a quaiter of an inch long 

Sulpihaie of propylamine la crysbilline and doliqneSeent. 

On treating propylamine with iodide of ethyl, the following products are obtained : 

(C'H' fC»n' (0«H' 

n}0''H‘. 

(H <C»H» 

HI HI C=H*I. 

The last compound, iodide of tnethyl-piopylammonium, is a white crystalhiio mass, 
uisolublo in potash-ley. Brom its alcoholic solution it crystallibcs in long needles. 
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Oxida of Bilvci reacts upon it, giving a Btiongly caustic solution of !iy4'-'at6 of the 
nmmoDium-baso, — The cMoro'platinate, 2NC“II’iG'H“)“Cll?t01', forms deep orange, 
cuiuarocl octahedrons, rather soluble in idcohol and water. (Mendius, Ann. Ch. Pharm. 
CX.X1, 120.) J. A. W. 

TH.tT'in.HWB, or PBOPYXiSlfirB, 0"H®, the oloflno of the trityl-gmup, was 
diBooierod by E-eynolds in 1S51. It is obtained, more or loss irapuro, when fusol-oil 
or valoriamo acid is passed through a rod-hot tube , by the de.structivQ distillation of 
oleie acid with lime or Boda-limo , and hy the deatructivo distillation of sugar mixed 
inth an equ.al weight of soda-bmo. According to I)usart(Aim Ch. Pharm. xcvii. 
127), it is obtained on distilling an intimate mixture of oquivalout qiiautities of oxa- 
late of calcium and acetate of potassium 

It is prepared most conveniently by acting on iodide of allyl with mercury aud 
strong hydrechlorie acid Tho mercury should contain a trace of zme, according to 
the observation of von Than. Tho following arc the details of tho process ‘ — 

Iodide of phosphorus is prepared by acting on 1 pt. of phosphorus with 8 pts. of 
lodiiio. 50 gnus of this iodide of phosphorus, and 60 grms of glycerin, distilled 
together, yield 30 grms of lodido of allyl Prom this quantity of tho iodide, 3 litres 
of propylene may be obtained by employing 160 grms of mercury and 60 grms. of 
fuming hydrochloric acid The gas obtained in this operation is chemically pure pro- 
pylene. (Berthelot and De Luca, Ann. Ch. Pharm. xcu. 306.) 

According to Bieth and Beilatein, chloride of carbon, acted upon by zino-ethyl, 
yields a niixturo of propylene, etliylene, and chloride of ethyl, also chloride of zme. 
Iodide of isopropyl and alcoholic potash also give propylene. 

Vro-^ei ties — Colourless gas, not condensable at - 140°. It has a distinct phosphoric 
odour, as IB generally tho case with tlie olofiuoB, and a sweetish taste. Accorwng to 
von Than. 

100 vols of water absorb 44 vols. of propylene at 0°. 

36 „ „ 8°. 

„ „ 28 „ 10° 

„ „ 23 „ „ 16°. 

» » 22 „ „ 20 °. 

Absolute alcohol dissolves 12 to 16 times its volume of this gas— glacial acetic acid 
6 volumes. 

Like ethylene, it combines readily with chlorine and bromine, and is capable of 
uuitnig vnth iodine ; tho resulting compounds are 0®H®Br', C‘H‘P. 

It 18 absorbed hy cuprous chloride, hutnot to the same extent as ethylene.— 
inlplmne acid absorbs it very readily — Common oU of mtriol, kt/drochloric, hydro- 
honiio, and kydnodio acids combine with it far more readily than ivith ethylene. 
These acids convert it into isopropyl-compoimds — On oxidation with dilute chrumio 
acid, it gives acetic and oai’homc acids It is not vary readily oxidised — With per- 
manganate of potassium in an acid liquid, it givoe the same products as with chromic 
acid; with permanganate in an allcahno liquid, acotic and formic acids. J A. W. 

TBlTYBBiflC ABCOHOXi. C»H“0’ = Trityl, oT Propylglyool, 

— ^Prepared from tho tntylomc acetate jnet described, by distillation with caustic 
potash, m the oil-bath. It is a colourless oily liquid, sweat to the taste, soluble in 
water and alcohol in all proportions, and soluble in 12 to 18 pts. of ether. Its 
speciflo gravity at 0° is 1‘05I. BoUing-pomt 188° to 189°. 

Platinum-black oxidises it to lactic acid* 

C>H»0“ + 0« = C“E»Os + H-^O. 

Trttylenic hydrate Lactic acid. 

Digested at 100° forsome hours with strong hydrwdio add, it gives iodide of iso- 
propyl (Wurtz): 

C*H»0° 4- am = G»H’I + 2ffO + F. 
pentachloride of phosphorus it gives chloride of propylene, C®H''CP. 

Heated with dilute mtric acid, it is broken up into glycoHio acid, whilst concentrated 
mtne acid resolves it into oxalic acid. J. A. W. 

TRtTYLBHIC BTHERS. The acciaie, C’H'’0* = (cS^O)’|°’’ 
covered by W iirtz. 320 grraa acetate of silver, 192 grms, bromide of propylene, and 
sufflciDut glaci.ll .iceticacid to bring the mixture into a eemiilnid state, are heated in tho 
water-bath for fourday.s, then mixed with other and filtered, and thoflltiate is distilled 
The acetate is a colourless neutral Lquid, soluble in 10 pts. of water, and boihng at 
186° Its specific gravity at 0° «. 1‘109 
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The bromide, C’H“Br®, formed directly from propylene and bromine, is a colour- 
less oily liquid Speoifle parity = 1 974 Boiling-pomt 144°. It is a convenient 
compound for the preparation of proplylene-derivatiVes. 

Tile Mor%de, G®II®CP, is a liquid boiling at 103°. Specific gravity = 1 161. 

The oyamdc, C’H’'(GN)‘^, was discovered by Maxwell Simpson. 1 at. tritylouic 
bromide and 2 at. cyanide of potassium are heated with a large quantity of 
alcohol to 100° for about 16 hours. The product is then filtered, and deprived of 
alcohol by evaporation The residue is treated with other, and the ethereal solution 
evaporated to got rid of tho'other, and then distilled. In this way trifylenic cyanide 
13 obtained as a liquid, boiling between 277° and 290°. It is solnblo m water, alcohol, 
and ether. 

Heated with 1 J vols. of strong hydrochkrio acid, to 100°, it suffers a very interesting 
chanp, yielding pyrotartanc acid. In order to extract this acid, the residue, after the 
reaction, is treated with absolute alcohol, which dissolves the acid , the alcoholic solu- 
tion is evaporated, to drive off the alcohol , and the residne crystallised from aqueous 
solution, and finally dissolved in ether, which on evaporation leaves the pyrotmitaric 
acid in a state of purity . 

C»H*(NG)2 + 4Hi>0 *= C»H«0< + 2NH». 

Cyanide of Pyrotartario 

propylene. Hold. 

The iodide, G’H“P, is a liquid which does not solidify at — 10*. It was discovered 
by Berthelot and De Luca (Ann. Ch. Phatm xeii. 311) Prepared by exposing 
idmno in contact with propylene to sunlight, or by heating it to 60° or 60°. The result- 
ing liquid IS freed from excess of iodine by treatment with potash. It is decomposed by 
alooholio potash into propylene and other products. 

The sulphide, is a white amorphous powder, obtained by the action of 

tritylenio bromide on an alcoholic solution of sulphide of sodium. 

The sulphooarbonate, C^H^OS’, is easily ohtaiuod from an alcoliolio solution of 
Bulphocarhona'te of sodium and tritylenio bromide It is a thick liquid of disagreeable 
smell, and of a yellowish-brown colour. Specific gravity = 1’31 at 20°. It may 
be distilled in a stream of hydrogen. J. A "W 

TRITVIPH-S-OITH or PSOPYI.PBYCXTE. C»H“0< = - 

(0«H^)ir(HO)h (xlycerylenio Alcohol. (Garins, Ann. Gli. Pharm. cxxxiv. 71, 
Jahrosb. 1866, p. 498) —A tetratomic alcohol, homologons, at least in composition, 
with phyoite or erythromannite, (ii. 604; iv. 633) Tho corresponding 

dichlorhydrin, (G*H^)GP(IIO)^ is produced by addition of hypoohlorous acid to oidi- 
nary glyceno epiehlorhydnn (i. 894) : 

(G«H»)"'j® + emo = (C'Hrjf^O)- 

and from this compound, the alcohol is obtained by tho action of aqueous alkalis : 

(0>H‘)GP(HO)’ + 2KHO = (C“H‘)*’(HO)‘ -i- 2KC1. 

To prepare propylphycite, the dichlorhydrin just mentioned, or the oorrospondiug 
diohlorobromhydrin (p. 894), dissolved in 3 vols alcohol, is mixed with 10 vols. 
water, and gradually with an excess of finely-divided hydrate of banum suspended 
in water, the liquid being ultimately warmed till it becomes inodorous. The baryta 
IS then carafally precTiiitated with sulphuric acid, the filtrate is exactly neutrahsed 
with carbonate of lead ; the dissolved lead removed by sulphydrio acid , the chlorine 
by careful addition of silver-carbonate, any silver still lemaining dissolved by sulpliy- 
dne acid , and tho solution, which is generally coloiii less (if not, it must ho cjecolorised 
with animal charcoal), is evaporated over the wator-hath. The residue, after being re- 
dissolved and evaporated, consists of pure propylphycite. If, liowever.lhedichlorliydiin 
used in the preparation is not free from ordinary glyerac dichlorhydrin, the product 
will he contaminated with glycerin. In this case, the solution, freed from barium and 
chlorine, must be precipitated with basic lead-acetate not added in excess, and tho 
washed precipitate, G^H-* ffPb"0'‘, decomposed by sulphydrio acid. 

Propylphycite is a coloui'less, solid, amorphous mass,* which, on exposure to the air, 
quickly deliquesces to a glutinous liquid It has a sweetish taste, is easily soluble in 
alcohol, does not decompose at 150°, and, if carefully heated, volatilises with only par- 
tial docompositjon. In its chemical relations it resembles phycite, G'n'"Oh Like the 
sugai’s, it IS very easily altered by acids, allcalis, and oxidising agents. On evaporating 
It with dilute acids or bases, it tiums brown, and a humns-bko body is separated. 


relntei to propylph] 
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With cupric oxide and potash, it forms a blue solution, which does not djCposit cuprous 
oside on boiling, even if the propylphycito has previously been treated with dilute 
sulphui'io acid. Trom a neutral silvor-solution, it reduces the metal at the boiling 
heat , 6oui an ammoniacal solution, even at ordinary tenipomtiiies 

Propylphycite contains four atoms of hydrogen repl.iceable by metals or other 
r.idiclos, two of thorn apparently with greater facility than the otlier two. In conceii- 
tnited solution it takes up lime, baryta, lead-oxide, and even lead- or silver-cnrbonatB. 
The solution eoiitaiumg lime, baryta, or lead-oxide jields, with nleohol, white bulky 
precipitates, solublo in water, and decomposible by c.irljonie acid. The lead-compoiiud, 
m aqueous solution, is not completely decomposed by sulplijdrie acid, the filtrate still 
giving a precipitate with sulphide of ammonium. The compound formed on adding 
basic acetate of lead to a solution of propylphycite, is a bulky precipitate, soon 
becoming granular, and contniiiiug C^H' H-Pb"Oh 

Hitmpropylphj/cite, C’HMI®(N0’')0'*,is formed by dropping a scarcely liquid solution 
of propylphycite into cooled fuming nitnc acid, and sepaT.ites, on pouring tlie liquid 
into water, as a colourless visad mass, nearly insoluble m water, but soluble in alco- 
hol and ether The nitro-componud becomes mobile at 100°, distils for tho most part 
without decomposition, if carefiilly heated; but when quickly heated, decomposes sud- 
denly, though without explosion Zme and hydrochloric acid, added to its alcoholic 
solution, produce chloride of ammonium and propylpbyeilo. 

TRITYliPHYClTIC or RBOPTriilPHYCITIC ACID. = 

(0“H“0)‘v I Q,_ (Carina, loo. oit)— Produced by dissolving propylphycite in nitrio 
acid of speoiflo gravity 1 2, diluted with an equal volume of water, repeatedly evapo- 
rating tho solution, neutralising with carbonate of barium, filtering from oxalate of 
barium, and precipitating the concentrated filtrate with alcohol. The and, separated 
from the biu-mm-salt by sulphuno acid, is a colomless, amorphous, strongly acid, 
deliquescent mass, which decomposes at 1C0°, either in the fi’oe state or combined with 
bases, yielding oxalic, acetic, and perhaps also glycollie acid. ' 

The propylphycitates, excepting the load- and silver-salts, are easily soluble ; the 
Silva -salt IS very quicUy reduced m ammonucal solution — The acid hanum-salt, 
C®H’‘’Ba''0''' = C’H’Ba''0® C“H“0‘, is an indistinctly crystalline powder — The acid 
caloiim-salt, C'’H'‘'Ca”0“' = C'H'Ca" 0“ is not crystallisablo, but is precipi- 

tated by alcohol from its aqueous solution m flocks —The <tc«i lead-salt, C“H‘"Pb"0 = 
C®H^Pli"0‘ 0*H*0“, precipitated by neutral lead-acetate, is flocoulent at first, but 
afterwards changes to a crystalline powder, composed of microscopic prisma — Tho 
normal lead-salt, O-’H'Pti’O'*, precipitated by basic lead-acetate, is an amorphous 
powder, 

TBITYIPHYCITIO or PBOPYI.PHYCITIC SZCHILORaVDRIsr. 

C“H‘0P0’= C''H'‘.OP(HO“). Qlyoei yUmo DickMiydroxylate (Cnrius, ^o. ei< )— 
This compound is formed, ns already stated (p. 893), by addition of hypoohlorous acid 
to glyceric opichlorhydrm. 

To prepare it, epichlorhydnn is added in the dark, and with frequent agitation, to 
a cooled solution of hjrpochlorons acid (prepared by passing ohloriue-gas into water in 
which meicutio oxide is suspended, and containing from 6 to 8 per cent, of the acid), 
till the odour becomes barely perceptihlo, tho solution, filtered from mercuric oxychlo- 
ride imd diluted, is immediately treated with sulphydric acid gas, till the 'excess of 
hj^pochlotous acid is decomposed and the mercury is precipitated , the filtrate is 
then saturated with common Salt , and the dicldorhydiin, already partly separated as 
an oily liquid, is further extracted by agitation with ether, and purified, after evapo- 
ration ot the ether, by heating it to 1G0° — 170° in a stream of dry carhouio 
anhydride, whereby any glyeariodiehlorhydrm formed at the same time is decomposed 
Prnpylpliycitic dichlorhydnn, thus obtained, is a liquid, rather mobile when warm, 
hut ol the consistence of glycerin at ordmaiy temperatures , it is heavier than water, 
has a somewhat rancid odour, dissolves easily in alcohol and in ether, but is nearly inso- 
luble in salt-water Wlion heated above 200°, it decorapoaca, giving off hydiochlorio 
acid, and vapours smelling of acrolein. By potash in aqueous solution, it is easily 
converted into propylphycite 

°”^i(no)= + 2KHO = + 2 k:ci. 

TRlTYliPHTCmC or PROPVIiPHyClTIC B10HX.OROBROMCHV- 
BRUO', IS produced by heating 1 at. of the dichlorhydnn to 120°, in 

sealed tubes, with 1 at dry bromine Itis a mobile liquid, having a sharp odour, decom- 
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posing at 160°, insoliibk in waler, but decomposed by it, with Beparahon of bromine 
and bydroclilovic acid. 'With alkalis, it reaotslike the diehlorhydnn (Garius.) 

TRITTriiPKirCITlC or PBOPinPHTCITIC ETHBBS. (Garins, loc. at.) 
— J}iaceta-iiro])ylphyoite, GW H''‘(CW0)'‘0*, is obtained by heating the dichlorhydrm to 
100° with sodic acetate and glacial acetic acid, neutrahsing with sodic carbonate, and 
exhausting with ether. It is a viscid bitter liquid, easily soluble in water, not capable 
of being distilled without decomposition. Baryta decomposes it into acotio acid and 
propylphyoite 

Triethjlp-opylphyatc, CW.H(CW)’0*, is produced by gradually mixing an aloo- 
holio solution of the diehlorobromhydrin with diluted and cooled sodium-athylate, or 
by heating it to 160° with absolnte alcohol. It is a colonrless, f.iintly smellmg liquid, 
easily soluble in water and in potasb-ley, heavier than water, and dissolving calcium- 
chloride in considerable quantity. BoUing-point = 192'8° at 0 768 met. Vapour- 
density, oba = 6'66 ; cole. = 6 79 

Tetrethylpropylphyaie, CW(GW)'0\ is produced, as shown by the equation • 


iodide It IS a rather ni . . 

and exhibits, more plamly than the preceding compound, the odour of sugar heated 
above its meltmg-pomt 

Diaceto-dieihylyropylpJiycite, CW(C*H'’0)’(C®H*)'0^ is formed, together with 


TBoniBOIiITE. Syn. with Thkomboute (p 788). 

TRON'A. Kativo tetrasodio carbonate, or sesqiiicarbonate, 2ira’0 H*0.3C0^2aq. 
(See Oajidona'tes, i. 798 ) 

TB003TITE. A Silicate of manganese and zinc, from Sterling, in New Jersey 
(p 264) 

XROP2:OIiIC ACID. See the next article. 

TBOFJEQEiVni, The common nasturtium, Tropceohm majus, contains in 100 
pts., besides the ordinary plant-constituents, 2 1 pts. volatile od, 8'6 lime, 2'8 siUca, 
and 0’9 of a peculiar acid called tropseolic acid. The volatile oil and the tropsoolio 
acid are foupd in the entire plant, especially in the fruit and soed-coatings. The vo- 
latile oil has a peculiar odom’, a shai-p burning taste, and reddens tho skin. 

Tropseolic aoidis extracted from the herb or the seed with alcohol, and on 
boibng the solution with water, and evaporatmg tho filtrate, the aeid crystaUises 
in slonder needles. It is white, reddens litmus strongly, and forms crystalliaable 
salts with potash and soda (Muller, Ann Oh Pharni xxv 208). Whether this 
body IB really a peculiar acid, further investigation'miist decide. According to cxpo- 
rimonts by v Payr, communicated by Eochleder (Jahrcsb. 1867, p 622), the 
crystals obtained by Muller were nothing but snlplmle of potassium, which, however, 
does not agree with Midler’s statement that they were soluble in alcohol and ether 

The seeds and flower-buds of Tr. miyua pidded with vmogar are sometimes used 
instead of capers 


TBOPINB. C"H“NO. (Kraut, Ann. Oh. Ph.™ cxxviii 280,exxxiii 87, 
Jahresb. 1803, p. 448 ; 1866, p 448 ) — An organic base, produced, together with 
atropic acid,* by the decomposition of atropine witli aUcahs 


0'’H“NOs - = + C«H'‘NO 

Atropine. ‘ Atropic acid Tropina 

Atropine, heated with hot saturated baryta-water, disappears almost entoely, while 
only traces of a volatile base are produced On precipitating the baryta from the re- 
sulting solution by carbonic acid, atropate of tropmo remains in solution , and on 
agitating the filtered bquid with hydiochlone aeid and ether, tho atropic acid is dis- 
solved by the ether, while hydrochlorate of tropine remains in the watery liquid. Tho 
base separated from this salt by silver-oxide sohdifios m the crystalline form over oil 
of vitriol, and, when distiUed at a temperature above 230°, passes over as a tnrpen- 
tme-ldco mass, and ultimately forms ciystals containing C‘H‘®NO JH“0. 
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Atropine ia likowiao losolvod into atropio acid and tropine, by tbo action of fuming 
liydrocUone acid. 

Tropine is inodorous in the cold, but gives off odorous vapours when boated. It 
lias a strong alkaline reaction, dissolves ea.sily in water and in alcobol, and remains 
as an oil on ovaporatiou. From solution in anhydrous etlier, it crystallises over oil of 
vitriol in colourless anliydrous tables, C®H‘“NO, wliieb melt at 6l'2°. It does not 
absorb carbonic acid from the air, forms salts winch crystallise well, and its aqueous 
solution precipitates tbo oxides of silver and copper, tlie precipitates not being soluble 
in excess of the reagent. From the solution of hydrocblorato of tropine, C’H'“NO.H01, 
strong potash-ley throws down oily drops, soluble in ether and in water 

The cliloroplatuiaie, 2(CPH’‘110.H01) PtOF, forms large orange-red ciystals, easily 
soluble in water, but insoluble in alcohol. The double salts formed by the hydro- 
eWorate with mereurio chloride, and by the hydriodata witb mercuric iodide, are also 
spiirmgly soluble, aud easily ci^stallibable. Auric chloride forms, in the solution of 
the hydroehlorato, a yellow precipitate, which melts and dissolves in warm water, and 
then crystallises. — Ptcraie of tropine, C"H'“NO 0"H“(lI0-)^0, is a yellow precipitate, 
which crystaUisss &om water in needles — Mropate of tropine, C*I£'*NO^ C"H‘0“. 
4H-0, is uncrystaUisable, nearly sohd, and ropy at ordinary temperatures, deliquescent 
at higher temperatures. In a 2 per cent, aqueous solution it does not produce dilata- 
tion of the pupil. 

Tropine IS not decomposed by boiling with hydriodio acid, or by heating to 140’, 
with bydroohlorio acid. Wlien distilled with dry hydrate of barium, it gives off am- 
monia and methykmine, together with other products 

Bydriodaie of Ethyltrop me, 0*H‘'‘(C’H‘)N0 HI, is easily formed by dissolv- 
ing tropine in ethylie iodide The free base separated from it by silver-oxide is a 
brown amorphous mass, which is insoluhle in ether, soluble in absolute alcohol, and does 
not take np another atom of ethyl when treated with othj'lic iodide . — The platinum- 
salt, 2|_C'H''(C*S*)IIO HOI] PtCP, is a light-yellow crystalline powder, preoipitahle by 
alcotiol 

TKUFFIiB, Tuier ciiarmm (Lycopodon tuber, L.) — ^An edible fungus, belong- 
ing to the family of the Gasloromycetes, forming round, blackish, warty knobs, 
yellowish-white within, veined like nutmegs, having a peoulmr, agreeable, musklike 
odour, and aromatic taste Truffles grow unttoiground, often in groups they ocem m 
all temperate climates, especially in oak, beech, and chestnut-woods, and thrive best in 
a calcareous marly sod. 

The aroma of the truffle is very volatile, and passes over with water in distillation. 
According to Lefort, truffles, when perfectly ripe, contain about 70 per cent, water. 
The organic constituents of the truffle are mannite, malic acid, citric acid, a non- 
saponiflable fat, besides the ordinary constituents of vegetable substances. Glucose, 
wliioh (according to Vauquolin, Braoonnot, and Lefort) occui’s in Aganoua 
cduHs, is not found in truffles (according to Lefort) The peculiar odoriforons prin- 
ciple of the truffle does not belong to the class of volatile oils . tlie colouring-matter 
exists chiefly in the spores. 

T30KBFFXXKXTB or TSCBE'WXlKri'TB. A sibootitanate of iron, 
oorinm, &e., occurring massive and apparently amorphous, near Minsk in the Ilmen 
Mountains. It is nearly opaque, with velvet-black colour, dark-brown strealt, and 
strong vitreous lustre. Hardness = 5-0 to 6 fi Spocifle gravity = 4 50 to i-66. 
Fracture flat concboidal. When heated before the blowpipe, it quicldy glows, swells 
up very strongly, turns brown, and melts to a black bead. With fluxes it gives tha 
reactions of iron, manganese, and silica. When heated in a tube, it leaves a little 
water. It dissolves in liydrocblorie acid, leaving a jelly of sibca. It contams, ac- 
cording to an approximate analysis by H Boeo (Fogg Ann. Ixii. 691) ‘ 

SiO=. TiO’. CoO, LaO, DIO FeO. CaO MgO. MnO K^O ) Na'o'. 

21 04 2017 47 29 I1'21 3 50 0 22 0-83 0 12; 

whence its composition apeara to be expressible by the formula M"SiO®.M"TiO". 
Amineralfrom Coromandel, anidysedbyHamour (Jiibresb 1861, p. 824) appears to 
h ive the same composition. Another mineral, analysed by Schubin (Bora .Tahi’esb 
xxvi. 373), aud designated as tsehowkimto, has been shown by Kokscharow to consist 
of ortliite. 

tCSCHBIT. Climese coins of brass-yellow to bronze-yellow colour, containing (in 
100 pts ) 55 to 64 per cent copper, 26 to 38 zinc, generally from 1 to 2 per cent, tin. 
2 to 4 per cent, iron, and between 1 and 6 per cent, lead, some of them contain also 
sm.ill quantities of antimony, arsenic, and nickel (Popplaiu, Chem. Centr 1869, 
p.4R4) 
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TSClfsifelWIGnPE. Amraoma-aluTn (p .OSO), occurring in a l)ed of hgnife at 
'J'sclicrmig in Boliemia, also, according to Peters (Leonli Jalu-esb f. Mui 1861, 
p 5G6), m that of Toltod, near Oran in Ilungary. 

TSCHBWKIWITB. Sjn. with TscHEFr'iciNitn. 

XSCKOBItTOSElMC. Enaauin Hack earth (See Soils, p 344.) 

TSB-HOB'C}, A mixture of white lead with alumina, feme oxide, and aihca, used 
hy the Chinese as a red colour tor painting on porcolain (Salvdtat) 

XSIBTO-EjIEM' is another red eolonr, used for porcolam-paintmg, consisting chiefly 
of stannic and plumbic silicates, together with small quantities ot oxide of copper, or 
cohalt and iiietalhc gold. (Salvdtat ) 

XUBBB CIBAKIimz. Syn with Thufflu 

XITESITE. A mineral allied to lithoniargo or Iwolin, occurring on the banks of 
the Tweed It is massive, pompaet, with a hluish-whito colour, and slightly wnxy to 
dull lustre , opaque , sectile Haidness = 2 S. Specific gravity = 2 4 to 2 6 Beforo 
the blowpipe it becomes light-blue and brittle, and forms a colourless glass with borax 
The following analyses are by Thompson and Hichardson {Thomson’s OiMinesof 
Mineralagij, i 244) 

SIOS A1903. CaO MffO. TcO H^O. 

44 30 40'40 0 76 0 50 13-60 - 99-45 

43 80 40 10 0-64 0-66 0 94 14 21 = 100 24. 

XUFA, CABCABBOUS. This name is applied to aganc mineral, or rock-iinlk 
(ill. 697), when so hard as not to he friable. 

XT7PA, -VOIiCAETIC. Earthy or compact masses with white fracture, consisting 
of the hardened mud formed by mixture of volcanic ash ti 4201 with water 
xuiiIP-XBEE. Lmodendron tuhp^era — The root-bai-k of this tree is said by 
Emmet to contain a crystallisaHo hitter principle called liriodendrin (in 720}, 
which, however, Bouohaidat was unable to prepare The latter, however, obtained li-oni 
tulip-tree hark a crystalline body, which he called piperin 
XiriiTTCTrarA, XUIiICOOIf a, or XABEXCOOKTA OXIi. Syn with Oarava- 
011(1 749), .-a- 

XUXiUCUWXW. 0™H”O*, — A ci-ystallisable bitter principle, contained, according 
to Caventou (J. Pharm. [3], xxxv 189, Jahrosb. 1859, p 683), in the hark of 
Cmapa Tulmima. Is is prepared by exh.iustmg the aqueous extract of tho hark with 
alcohol, lumug the solution -with milk of lime, evaporating it after the uisolulilo 
matter has settled down, niid treating the residue with chloroform The resulting 
solution, when left to evaporate, yields tuluonnin as a Iight-yellow, amoiphoua, 
resinous mass, having a very bitter taste, slightly soluble in water, easily soluble iu 
alcohol and in ehloi-ofoi-m, insoluble in ether It is turned blue by sidphurie acid in 
the cold, and by oxalic, tartaric, or citi-ic acid when heated. 
xtrnrasXAXBS. See p. 904. 

XinWGSXBM- lalsocalledWolfram Atmuo vinght,lH Si/mbol,Vf — Ametallio 
element, occui-iing as tungstate of iron and manganese in wol&am, a mineral some- 
what abundant in Cornwall, Saxony, Bohemia, and other localitioe it occurs .also as 
tungstate of calcium (acheehte or tungsten) in Bohemia, Saxony, and other places , 
and as tungstate of lead (soheeletine) at Zinnwald in Bohemia. Bleiherg in Carinthia, 
and in Chile 

Metallic tungsten is obtained 1 By heating trioxide of tungsten (tungstic oxide or 
anhydride) to bright redness in a stream of hydrogen. — 2. By mixing tho trioxide 
to a stiff paste with oil, charring the mixture, and then heating it intensely 
for several hours in a crucible lined with charcoal — 3 By passing tho vapour of 
tungstic chloride or oxychloride mixed with hydrogen through a red-hot glass tube 
(Wohler, Ann Ch Pharm. xciv 286.) 

4 By passing the vapourof tungstic chloride over strongly heated sodium, and washing 
out tho resulting aodium-cliloride with water (A Eiehc, Ann Ch Pbys [3], 1 6) 

6. By Igniting nitnde of tungsten in hydrogen-gas, or in a poreelum crucible sur- 
ronndod with charcoal-powder. (W ohler, Jahresh. 1866, p. 303 ) 

Tungsten obtained by the first process is described by Wohler as a steel-groy 
powder, which melts into globules at a very intense heat. According to Biche, tlio 
metal obtained as above forms small cristallme grams, which acquire metallic 
lustre by burnialimg, and scratch glass with ticility , it is infusible m the strongest 
forge fii-o, but may be melted bj the current of a Bunsen’s battery of 200 pairs, 
being partially oxidised at the same time, and burning with a blue flame. The 
metal obtained by the second process is also heavy, of iron-grey colom, very hnid, 
and difficult effusion. The third process fields the metal as ashmmg, daik steel- 
gi’oy, specular deposit, which may be detached from tho glass in hard brittle crusts. 
VoL. V. 3 M 



S9S TUNGSTEN: ALLOYS— EEOMIDES. 

The gpeoifie gravity of tmigstonveclneod 'bj' Iiydrogpii is 17 2 to 17 G fWoluor) , 17'!) to 
18 2 (Bernoulli, Juhresb 1860, p 162), that of tho metal reduced by charcoal is 17 1 
to 17'2 (Bernoulli) , ofthat reduced from the ehlondo by hydrogen, 16 54 (Wohler.) 

Tungsten reduced from the nitndo (4) is pulverulent, and has a specific gi'anty of 17 6 , 
that obt.unod by igniting acid potassium-tungstate in hydrogen, has a specific gravity 
of 18 26 (Wohler.) 

Pulverulent tungsten heated in the air, bnrns easily to tungstic oxide ; but compact 
tungsten may be heated in the air without sonsihlo elnmgo. excepting at the voiy liigh 
teniporatmo of the electric current, ns above mentioned Nitric acid and nitromuriafcio 
acid conveit tungsten into tungstic acid, and the same change is pioduecd by heating 
it in contact with the alkalis or with nitie. Pulverulent tungsten is also oxidisod and 
dissolved, by boding it m a solution of caustic alkalis or iilkiiline carbonates 

Tungsten forms two classes of compounds, in one of which it is tetriitoniic, and in 
the other hexatomic ■ . 

Tungstous Chloride, WOP Tungstic Chloride, WCP. 

Timgstous Oxide, WO’. Tungstic Oxide, WO’. 

There .are also compounds of intermediate composition, which may be regarded as 
resulting from the union of tungstens and tungstic compounds c.g., W’C1'“ = 
WCP.WCl". 

TtrwGSXBW, AI.Z.OVS OP. These alloys have not boon much studied. 
Wohler and Michel (Aim Ob PJiarm cxv I02),by fusing 16 pts timgsten-tri oxide, 
30 pts. cr}olito, 30 pts of a mixture of potassium- and sodiuni-chloride in eqiuvalont 
proportions, and 15 pts. alnniiniuni at .i full red heat, olitanied a regains, which, 
when the excess of ahimuiiiim was dissolved oiit by dilute hydroclilonc acid, left an 
alloy of tungsten and abmimmm, Al'W, as an iron-grey crystalline powder, of specific 
gravity 6'68, .and appe.iring under the mieroscopo to consist of rhombic prisms This 
alloy 18 not attacked by concenhnted acids ni the cold, but is oxidised by hot nitric 
acid, with separation of yellow tungstic acid Hydroclilonc acid dissolves it with 
deep brown colour. It is decomposed by hot soda-ley, whioli dissolves the aluminium, 
and leaves pure tungsten 

Tungsten alloyed with st eel in the proportion of 9 or lOnts. of theformer to 90° of 
the latter, yields aitalloy of extraordinary hardness According to I*' A Bernoulli, 
(Pogg Ann CXI 673; Jtihrosb 1800. p 153;, a very hard tungstiferous oast-sleul 
may bo obtained by fusing turnings of giey cast-u'on wit' ' ‘ ' "" 

reduction of this oxide to metallic tungsten is efi’eoted only 
carbon of the grey cast-iron, not by that which is chemically 

.iccordingly, white cast-iron fused with tungsten-trioxida does not yield tungsten-steel, 
and alter addition of cliaicoal merely an alloy of tungsten and iron. 

Copper, lead, zinc, antimony, bismuth, cobalt, and nickel unite with tungsten, only 
when the two metals are simultimeonsly reduced from their oxides The alloys which 
they form are so difficultly fusible, that those which contain more than 10 per cent, 
tungsten do not yield reguliiio musses , and tlioso which eontum volatile metals decom- 
pose when strongly heated, lo.iving nothing hut metallic tungsten Iron is tlie only 
metttl which alloys 'with tungsten in all proportions up to 80 per cent, of the latter, with 
which proMrtion a mass is formed, uot fuaihlo at any attainable temperature 
(BernonUi ) 

TiniGSTHIir, BROiaiDHS or. (Bonnot, J pr Chem x 206.— Borek, 
ibid liv 254;Jtthresb 1861, p 344 — Riche, Ann Ch. Phys 1.6, Jahresb. 1867, 
p 188 — Blomstrnnd, J. pr. Chom. Ixxxii 408, Jahresb. 1861, p 227.)— Tungstmi 
heated in bromine-v.ipour unites directly with it, forming products, the composirion of 
which has been variously stated by different chemists. According to Borek, the pio- 
duct consists partly of the tetrabromido, or tungstous bromide, WBrt, partly 
' of the pentabromide, or tungstoso-tungstic bromide, WlBr"' =■ ’WBr'.'WBr", 
both of which sublime m black needles, the former, however, being more volivtilo than 
the latter, and very deliquescent — According to Eichc, tungsten heated to redness in 
bromine-v.apoiir, is converted into the hexbromide or tungstic bromide, \VBr‘, 
partly in the form of .i fused mass, partly iii subbmed needles, of a chestnut-brown 
colour This compound, when exposed to moist air, is converted supcrfleially into the 
nolot oxybromide, WBrtO, and finally into tungstic acid ; water converts it immedi- 
ately into tungstic acid, with brisk efforvesconce — According to Elomstrand, the pro- 
duct of the action of bromins- vapour on boated tungsten consists mainly of the penta- 
bromide, AV’Br'" (probably resulting from tho combination of WBr' and WBr"), mixed, 
if air and moisture bar e not been excluded, with the oxybromidos, WBr'O and "iTOr'dl'’ 
The black needles, described by Borek as tho tetrabromide, consist, according to 
Bloni strand, of tho former of these oxybromidos 

The pentabro'mide,or tungstoso-tungstic bromide. W’Brt", after repeated 
sublimation, has a blmsh-black colour, it bods and sublimes near its melting-point. 
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giving off a dark pui'ple-red vapout, wluch, on cooling, condenses to a compact crystal- 
line muss, or to slumng quadratic prisms In contact with water or moist aii-, it is 
converted into hydrobromic acid and bine omde of tungsten, WW. AUcalis dissolve 
it, uithout evolution of liydiogen When heated in contact with theair.itis converted 
into the oxybromido, WBr“0’, winch sublimes. (Borck.) 

Oxyhromides - — Two of these compounds are known, derived from tungstic oxide, 
WO*, by leplacameut of 1 and 2 at. oxygon by equivalent qiumtities of bromine. — 
Tungitio dmxi/bromide, WBr^'O’ or WBr“.2WO’, first observed by Bonnet, is formed, 
together witli the pentabromide,in the fli-st stage of the reaction of bromine on motallio 
tungsten when air is not completely excluded ; and in a purer state by the action of 
hromiue on the dioxide. It forms yellow crystalline scales, of the colour of brass or 
mosaic gold It is infusible, is resolved by heat into tungstic oxide and tungstic mon- 
oxy bromide, and converted by water into tungstic acid (Blomstrand) 

The monoxybromide, WBr’O = 2WBr“.WO“ (described by Bnrck as the tetrabromide, 
p. 898), IS best obtained by the action of bromine, at a gentle heat, on sulphide o;f 
tungsten (prepared in the wet way), or upon a mixture of tungstic oade and charcoal. 
It likewise invariably occurs, as an lutermediate product, when the peutiibroiuide and 
the dioxybromide are simultaneously produced. Its colour is very muclihke that of the 
pentabromide, only of a lighter blodc-browii , its vapour is brown-red ; it ciystal- 
liaea in woolly needles, and yields tnngstio acid with, water. (Blomstrand.) 

The compound W'‘Br‘'’.W*0‘, described by Bonnet, does not appear to exist 
TUWGSTBW, CBZ.OBIBES OF. (Wohler, Pogg. Ann ii 345.— Malaguti, 
Berz Jahresb. XV 1U3 — Rose, liwf, xviii 200 — Borck, J pr Chom hv. 254, 
Jaliresb 1861, p 346,— Riche, Ann Ch Phys L3]. 1 8. Jahresb 1866, p 372, 
1867, p, 184— Blomstrand, J pr Chem, Ixxxii 408, Jaliresb. 1801, p. 228 — 
Porchor, Wien. AJtad Ber xhv. 159, .lahrosb 18bl, p. 282 — ^Debray, Conipt 
rend lx. 820 , Jahresb 1866, p 212 ) — Chlorine, like hromine, acts directly upou 
tungsten, foiniing products, the composition of which Jias been voriously stated 
by diffeient cliemists According to lecent invesligatious, however, the compounds 
obtained by heating metallic tungsten in dry chlorme-gns, are WCl* and W'Cl"*, 
.iiudogous to the bromides ; hut the hexchlonde is more easily obtained in tlio 
sejuu'ale state than the hoxhromide, nppaiently because a lower temperature is suffi- 
cient tor its formation If oxygen is present, oxychlorides are also formed, analogous 
to- the oxybromidos above deseiibcd According to Wohler and Borck, the tetrachlo- 
ride, WCP, IS obtained, ns a d.-irk-red compound, by heating tungsten in chlorine-gas , 
hut, according to Blomstrand, this red product is obtained only when oxygon is 
present, and is really an oxychloride , the tetrachloride, indeed, does not appear to 
o.Mst, at least m the separate state, not being formed even when one of the higher 
chlorides is heated m hydrogen-gas (Blomstrand) Riche, on the other hand, stqtes 
tliat it is produced m tins manner, but is very difficult to ohtUm pure, being easily 
resolved into the hexchloride and metallic tungsten 

Hexchlonde of Tuvffstcn, ov Tungstic Chloride, yTGV.—Thia compound 
is formed, together with the following, when 'tungsten burns in clilorine-gas , in 
smaller quantity also by heating snlphido of tungsten in chlorine , and, together with 
oxychlorides, by the action of chlorine on an ignited mixture of tungstic oxide and 
charcoal. It is le.ss volatile than tliepentachioride and oxychloiides, which maythore- 
foro be removed trom it by sublimation. It forms dark-violot scales, or fused crusts, 
having a blackish-grey colour and bluish mBtidlic iridescciiee ; by curefol sublima- 
tion It may be obtained in blackish-violet needles having a metalhc aspect. It melts 
at 183° (Cahours), at 180° (Porcher), tea black liquid, and yields a dark-red 
vapour (Porclier), reddish -yellow (Blomstrand), it deci-cpitatna on cooling 
(Blomstrandl, The vapour-density, taken at the heiitof boding mercury, is, accord- 
ing to Dobray, 11 '60, at the heat of boiling sulphur, 11 86, the calculated density 
for a two-volume condensation is 13'75, whith is considerably higher tliau the experi- 
mental numbers Dobray observes, however, that it is very difficult to obtain the 
iiexohloride quite frio from pentachlonde (which has a lower vapour-deneity) oven by- 
repeated auhliniatiou in chlorine-gas.*- The hexchlonde, heated in contact with tlio 
air, is converted into emnubav-red flocks of WCl ‘0, and soft yollowish-whita flocks of 
hydrated tungstic acid, WH'O^ H-'O, or WO“ 2H^O , in moist air, or m contact with 
w.iter, it is completely resolved into hydrochloric and tungstic acids It dissol-es in 
alkalis, forming tungstates , with alcohol it yields othylic chloride and blue tungston- 
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oxidu, 'W-'O', wliifh, iu contact with tlio air, is quickly converted into yellow tungstic 
uxida. (Forehar.) 

The PeutaohloriAe, or Tungstoso-tunqitie Chloride, WW"=WGF WC1“, 
is produced by the combustion of motulhc tungsten in cliloimo, and in sinnller 
quantity by heutiug tho snlphide m chlorine, mixed in both eases with the hexelilo- 
ride, from which, and from tho oxychlorida formed at tho .sume time, if moistuio is 
present, it iiiiiy bo sepiiratod by sublinialion, as its bodiiig-point lies niidw.iy between 
that of the hoxchlorido and tliiil of the oxychlorido (Porch erl The pentachlonde 
ia likawiao obUmod by gently heating uitndo of tungsten in cldornie-gas, and by the 
action of chlorine on an ignited mixture of tungstic oxide nud clinrooiil 

Pcutachlorido of tungsten forma dark-red needles, or lavgei cr> staia of a purple-red 
colour It IB more volatile than tho hexehloride, molts to diirk-rcd drops, and its 
vapour, which resembles nitrous anhydride, quickly condenses in soft erystuUiiio 
niw-Bea. By water or moist air it is converted into yellowish-gi'een tungstic acid , 
iilknlia dissolve it slowly, with evolution of hydrogen, and transient-blue coloration, 
foiming solutions of tungstates (Porcher) 

According to Blom strand, on the other hand, the -pentachloride ia much less 
volatile than the hexchlpiide, and to obtain it pure, the muxture of pentachlonde and 
hexehloride, produced as above, must bo houtw in an atmosphere of hydrogen , care 
being taken that the heat does not rise too high, in which case metallic tungsten 
would he aep.ii’ated. The peutaohloiido thus obtained may be rcsiiblimed m hydro- 
gen-gas, or hotter in carhome anhydride Its colour is like that of the licxohloride,' 
but of a darker bhidcisli-grey, without the violet tint It melts and volatilises much 
loss easily than tho hexehloride , yields a greenish-yellow gas , crystallises rciulily 
in shining blackish needles , and solidifies from fusion in tho crystalline form, IVater 
decomposes it, with considorablo rise of temperature, and separation of ^ hlue-blacls 
oxide, while the liquid assumes a deep greenish-yellow colour, winch it' loses after 
some time, and more quickly when heated, depositing a greenish precipitate I'lio 
same appearances, but with deeper colours, are produced by treating the compound 
with iJkahs or with hydrochloric acid 

It is clear, from the preceding statements, that the so-called pentaohlorides obtained 
by Blomstrand and by Foichcr wore not identical It is most piob.ible .th.it Porcher s 
compound is the true pentachlonde, inasmuch as Riche (lahresb 18j6, p 373), hy , 
heating the hexclilorido in hydrogen-gas, obtained, not the pontauWoride, but tliu 
tetrachloride, IVOl', though he states that tins compound is very difficult to prep.iro 
in , 1 , definite state, being easily resolved, by too strong a heat, into metallic tungsten 
and the hexehloride. Altogether the clieniistry of tho chlorides and bromides of 
tungsten IB still m a very unsatisfactory state, and requires fhrther investig.ition. 

Oxyoblorides. — Tw o of these compounds are known, analogous t o tho oxyhromides, 
and producible by eimilar reactions — TuM/s/io dioxyUUoi ide, wCPO-, or WOP 2WO*, 
18 most easily prepared hy heating the dioxide in chlorine-gas , it is also produced, iii 
considerable quantity, when a mixture of the trioxide and oliiircoal is ignited in 
chlorme-gas, especiaUy when the proportion of eharcoal to tungstic oxide is as 6 1 or 
4 1 Blue oxide of tungsten also yields this compound when heated m chlorine, 
cither alone or with ehaicoal ; and it is even produced, though in small quantity imd 
impiu'o, when dry chlorine is passed over native wolfram, finely pulverised and ignited 
(Porcher) The dioxychloride forms lemon-yeUow or deep golden-yellow flocks, or 
sliming scales, which volatilise between 266° and 267°, m vapours of a deep but pure 
yellow colour (colourless, according to Blomstrand) It is converted, slowly hy 
moist air, more'qiiickly hy water, into hydrochloric acid and yellow hydrated tungstic 
acid, IVU’O' H-O Alkaha dissolve it, forming tungstates (Porcher) 

The moKorychloride, WCBO, oi 2WCl'‘.WO’, is formed when the preceding com- 
pound is heated, tho condition essential to its formation bemg not so much a high 
temperature, as a sudden raising of tho heat above 140° It is also invariably pro- 
duced, together with the yellow dioxychloride, m the processes ubove given for the 
preparation of the latter, and when tungsten or the sulphide is burnt m chlonur- 
giis, the presence of air or moisture not being completely excluded It is of ii cinnub.i !■ 
01 scinlet colour, but sometimes crystallises in slender needles of a lighter red tint, 
or in orange-yellow flocks miide up of slender crystals , in fused crusts it has a 
caniune colour. It is the most fusible and volatile of all the chlorine-compounds of 
tungsten, and forms a deep reddish-yellow vapour, winch, in contact with the air, is 
converted into yeUowish-whitc hydrated tungstic acid. By water and moist air, it is 
quickly converted into hydrochloric and tungstic acids, and by alkalis into a tungstate 
(Blomstrand, Porcher.) 

The vapour-density of this oxychloride was found by Dehray to be 10 74 at the 
temperature of boiling mereuTy, 10 27 at that ot boiling sulphur Tho density, ealcu- 
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lated from tlje formiila ■WC1''0, for a two-volume condensation, is 11‘86 , according to 
tlie formula and atomic weight proposed by Persoz (footnote, p 899), it la 9’87. 

TTJiraSTENr, BETECTION ante ESTZIffiATXON- OX*. 1. Jslov)flfe 
ReuoUons. — AU tungsten-compounds form colourless beads with borax und phos< 
fihorus-salt, in the outer blowpipe-fiame. 'With borax, m the inner flame, they form a 
yellow glass, if the quantity of tungsten is somewhat considerable, but colourless with 
a smaller quantity'. With phosphorus-salt in the inner flame they form a glass of a 
pure blue colour, unless metaUio oxides are present, which modify it , in presence of 
u'on, the glass is blood-red, but the addition of metalhc tm renders it blue. 

2. Beaotions m Solution — ^The only soluble compounds of tungsten arc the 
tungstates of the alkali-metals and alkaline earth-inetals, most of the metatungstates 
(formed from ordinary tungstates by addition of tungstic acid or abstraction of part of 
the base), and certain sulphotungstates Insoluble tungsten-compounds may be decom- 
posed by fusion with alkabue carbonate and mtrate, whereby an alkaline tungstato is 
formed, which may be dissolved out by water. The behaviour of tungston-solutions 
towards many reagents, differs according as the solution contains ordinary tungstic 
acid or metatungstio acid, the metutungstates being more soluble than the corre- 
sponding tungstates , hut the following characters are common to both modifienfioiis : — 

1. A soluble tungstate, supersaturated with sulphuric, hydroehlorio, phosphorio, 
oxahe, or acetic acid, yields, on the introduction of a piece of svm, a beautiful blue 
colour, arising from the formation of blue oxide of tungsten ; this effect is not produced 
with nitoo, tartaric, or citric acid — A soluble tungstate, mixed with sulphide of am- 
monium, and then with excess of acid, yields a light-hrown precipitate of tungstic 
sulphide, soluble in sulphido of ammonium. — Sulphydrw aoid, docs not pveoipitito the 
acidulated solution of a tungstate, but turns it blue, owing to the formation of the blue 
oxide. Those characters, together with the blowpipe-reactions, are sufficient to dis- 
tinguish tungsten from all other metals The distingnislung characters of tungstatps 
and metatimgstatcs will he described further on (pp. 906, 912). 

3. Estimation and, Separation — Tungsten is always estimated in the form of 
tungstic oxide, WO’ 'When tungstic acid is present in a solution not contamiug any 
other fixed substance, it is sufficient to evapoiate to dijmess, and ignite the residue 
The tungstic oxide is then obtained m a state of purity, and contains 79 3 per cent of 
the metal. Tungstous oxide, WO’, is easily converted into tungstic oxide by fusion 
with carbonate of sodium. 

The host method of separating tungstic acid from the fixed alkalis is to treat the 
solution, after exact neutralisation with nitric .icid, with, a .solution of mercurous ni- 
trate. Mercurous tungst.ite is then precipitated, and the mercury may be expelled 
from the diy precipitate by careful igmtion in a good draught 

The separation of tungstic acid from the earths may be effected by decomposing 
the compound with mine acid, and treating the decomposed mass with carbonate of 
ammonia, which dissolves the tungstic acid 

Tungstic acid maybe readily separated from many metallic oxidea— such as the 
oxides of iron, manganese, nickel, eohalt, lead, &;e — by fusing the whole with 
carbonate of sodium, and digesting the fused mass with water, which dissolves the 
tungstic acid, and loaves the oxides nndissolved. 

Trom titanic, t an tali c, auduiohio acids, tungstic aoidia separated by amMionia, 
■which dissolves only the latter. The separation is facilitated by addition of ammo- 
nium-sulphide If, however, the substance containing these aeids has been ignited, 
mere digestion m ammonia, or siilphido of ammonium, wiU not dissolve the tungsten • 
in this case it is best to frise the niixturo with sulphur and carbonate of sodium, 
whereby the tungsten wilt be converted into soluble sidphotungstate of sodium. 

The separation of tungstic from chromic acid maybe effected by tre.ating the 
solution' mth excess of hydrochloric acid, and hoihng with alcohol The chromic acid 
is thereby reduced to chromic oxide, which may he precipitated by ammonia, the 
tungstic acid remaining in solution 

To separate tungstic from molyhdie acid, it is best to dissolve the two in nn al- 
kali, add tai'taric acid and excess of hydrochloric acid, which produces no precipitate, 
and throw down the molybdenum as sulphide by bidphydrw acid 

From silicic acid, tungstic acid may be separated by fusing the mixture -with acid 
sulphate of potassium, and digesting the fused mass with water, which will dissolve 
the tung.sten as alkaline tungstate, and leave the silica The tungstic acid may then 
be precipitated from the solution by mercurous nitrate. Tnngsteu has not, however, 
been found in any natural silicate 

The separation of tungsten from tin is especially important, as wolfram is often 
associated with tin-ores, and the two metals likewise occur togetlior in many tantalitos 
and columbites 'When sUnnic and tungstic acid exist togitlior in solution, they are 
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pa&ily separated by sulphydric acid, which precipitates the tin from the acidalated 
liquid as atimiuc sulphide, and leaves the tungsten in solution "VV^hen sta/iinie 
and tungstic oxides are mixed together in the solid state, the separation may ho 
eifccled by igniting a weighed quantity of the mixture in a covered poreel.un crucible, 
and passing a stream of hydrogen-gas into the crucihlo, through a hole in the covei. 
The loss of weight thereby occasioned is about cquid to that which would correspond 
to the complete reduction of tlio tin-oxido to metal, and of the ti'ioxido of tungsten to 
dioxide. The ignited residue is then boiled ivitli hjih-oeblom acid, the tin is precipi- 
tated from the filtered solution by hydrochloric iicid, and the precipitated sulphide is 
converted by roasting into stannic oxide Lastly, the dioxide of tungsten is conveitod, 
by Ignition in the air, into trioxide, and the latter is weighed The separation cannot 
he effected by fusing the mixture ivith acid sulphate of potassium Bose and 
Dexter, Pogg Ann xcii. 336, Jahresb 1854, p 731). According to Eammels- 
berg(Pogg Ann txx 60, Jahresb 1803, p 678), the separation effected by the 
preceding method is not complete, unless the heat applied is strong enough to reduce 
the tungsten as well as the tin to the metallic state, and in that case a suiall quantity 
of tin is volatilised He recommends, as a better method, to ignite the mixture of the 
two oxidca repeatedly, and till no more loss of weight takes place, with 6 or 8 pts ol 
b.J-ammoniac To prevent the deposition of stannic oxide on the outside of the cru- 
cible, It should be enclosed within^ a larger one, and heated rather quiddy. The 
residual tungstic oxide is fluidly ignited in contact with the air. 

4 AtomioWetghtof Tungsten — Thooldordeteiminationsofthoatomioweightof 
tins metal, by Berzelius and others, did not lead to correct results Schneider (Ann 
Oil. Pharm. Ixxi-ii. 261), by reducing tungstic oxide, WO®, in a current of hydrogen, 
found that 100 pts. of the oxide yielded 79'S16 pts. of metallic tungsten , and on 
rooxidisiug the metal, ho found that 79 327 pts of timgstoii yielded 100 pts of the 
tnoxide. The mean of these residts gives W = 18412, Marchaud (ifiif. Ixxvii 
201), by similar experiments of reduction and oxidation, found, as a mean value, 
W = 184 1 , Borek (J pr Chem liv. 264) found, in like manner, the number 184 , 
and the same result has been obtumed by Dumas (Ann Oh. Pharm. cxiii. 23). 
This last number may be regarded ns the true atomic weight of tungsten, supposing, 
as most of the chemical relations of tungsten seem to show, that its highest oxide 
has the eumposition WO®, and the corresponding chloride WOl® 

Thenroposal of Persoz to regard timgstic oxide as Tu®0®, the corresponding chloride 
as TuCl®, the atomic weight of tungsten being 163 3, hasalroiidy been noticed (p 899). 
The agreement of tho vapour-density of tungstic chloride eoloulatecl from this formula 
with Debray’s expe'-imeutal number, is certainly remarkable, hut, on the other hand, 
tlie Bpeciflc heat of the metal, as determined by Eognanlt, agrees better with the 
atomic weight 184 (according to the law of Dnlong and Petit) than with 153'S 
(boo Heat, iii, 30) , moreover the composition of tlie tungstep-compounds is, on the 
whole, more oonvciuently represented by the ordinary formula, than by those suggested 
by Persoz. 

TtrucSTEW, FEXTOSIDB Ol". Tungstic oxide, after ignition, is but sparingly 
dissolved by hydrafluonc acid , precipitated tungstic acid forms, with hydrofluoric acid, 
a yellow milky liqmd, soluble in a large quantity of water. Tho solution, when slowly 
cvnporatcil, j lolds a yellow syiiip, which at a highertenipepiitnro gu os off a portion of 
its acid, mid solidities to a greenish Assured muss This mass is not decomposed by 
Ignition in a close vessel , it redissolvcs imperfectly in water, formiug a imlky liquid , 
the insoluble pact consists of tungstic acid, which retains a portion ot the hydiofluorie 
acid so obstinately, that the latter can only- he expelled by igniting the tungstic acid 
with lumps of ammoumm-caTbomite The solution eoutaina tungstic acid, with excess 
of liydrofluone iicid (Berzelius.) 

Tungstic fiitondo, WF®, forms, with the mure basic inetallio fluorides, compounds 
which have not yet been isolated, and are known only in combination with tungstates 
(Berzelius) These double oxyfluoridea, which are produced by treating tungstates 
with hydiofluorie acid, appear to he isomorphous with the eorreroondmg fluoaiheates, 
fluostanuates, and fluotitanates. Thds cupric oxyfluotungstate, (AiWO'P*, and cupric 
fluotitaniito, GiiTiF®, form isomorphous compounds with fluoride of ammonium ; whence 
it appi'iirsas if oxygen could, in certain cases, replace fluorine atom for atom, although 
the ratio of the atomic weights of these elements is not the same as that of their 
equivalents. (Marignac, Ann Ch Pharm. caxv 362 . Jahresb, 1862, p 144) 

TTTN'CSTSIS' nXIB'EBAZi. Native tungstate of calcium, alsocallod scheelite 
(£) 907) 

TirWOSTEW, WITBZDE OF. When either of the chlorides of tungsten is 
placed at the sealed end of a long glass tube, and m front of it a few dried lumps of 
aal-aniinoniac, the omjity part of tho tube then heated to redness, and (lie heat 
graduajly extended to the closed end, so that the two B.dts may bo volalilisod and 
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nix in the gaseous form at a red heat, double decomposition takes place ; and after 
the excess of-'sal-aramoniac has been removed, the entire inner surface of the tube is 
found to he covered with abhick specular semimetallic coating, which may be apparated 
partly in brittle crusts, partly as a black powder. This product consists either of 
nitride of tungsten, or of a compound of that substance with an amide of tungsten, 
called by Wohler tungsten-nitrotamide, and containing cither 2'VVN- W(NH^)’, 
or W“N- 2W(NH-)'‘. It gives off a hirge quantity of ammoni.a when fused with potash, 
and IS converted into tiiugstie oxide hy ignition in the air Tiy thi action of ammonia- 
gas on tungstic oxide, at a nioder-ate red heat, compounds ure formed contuiuiiig 
nitride, amide, and oxide of tungsten When fliicly-divided tungstic oxide, epread in 
a thin layer on the inside of a glass tube, is heated in dry aminoiiia-gHS, tungsteu- 
nitrotamidoxide, SWN’‘.2W(Nff).2WO’, is formed, as a hlacK substance winch is 
not decomposed hy acids or alkalis, gives off ammonia when heated alone, and when 
heated in the air, liiirns with vind glow to yellow tungstic oxide (W o liler, Ann Gh. 
Pharm. Ixxm 100, cv 258 , /ahroab 18.50, p. 303 , 1868, p 158) 

TITSTaSTElIT, OXIDSS OP. Tiingsten forms three oxides — viz WO’, WO’, and 
W’O' — uoithor of which exhibits basic properties, so that there aro no salts of tungsten 
111 which the metal replaces the hydrogen of an acid, or takes the electropositive part. 
The dioxide forms a deftiiite compound with soda, and the trioxide exhibits decided 
ncid tondeuoies, uniting with ijasio metallic oxides, and forming definite crystallisahle 
salts called tungstatos The oxide, W-0‘, may ho regarded as a compound of the 
other two, that is as a tungstate of tungsten, AVOxWO’. 

Dioxide of Tangsten, or Tung-stous Oxide, WO’ — ^This oxide is obtained as a 
blown powder when tungstic oxide is reduced by hydrogen at a temperature not ex- 
ceeding low redness Tungstic oxide may also be deprived of oxygen in the wet way, 
by pouring diluted hydrochloric acid over it, and placing zmo in tlio liquor . the tri- 
oxido then gradually changes into the dioxide, in the term of brilliant crystalline 
jilatos of a oopppi'-rcd colour No sabno compounds of this oxide with acids are 
known When digested m a strong solution of potassic hydrate, it dissolves, with 
disengagement of hydrogen-gas and torraation of potassic tungstato. 

A tuncjitite of sodium, Na-W’O* =Na’0.2AV0x is obtained by adding to fused tung- 
stato of sodium as much tungstic oxide as it will take up, and exjiosing the mass, at a 
red heat, to liydrogen-gas After dissolving out the neutral uiideoomposed tungstate 
by water, the tiiiigstito romimis in golden-yellow sc.iles and regular cubes, possessing 
the nietallio lustre .iiid a striking resonibliince to gold This compound is not decom- 
posed by sulphuric, nitric, or nitromnriatic acid, or by alkaline solutions, hut yn Ids 
to hydrofluoric acid. It cannot be prepaied liy uniting sod.i diieolly with tlie dioxide 

Trloxlde of Tungsten, Tungstic Oxide or Antaydride, WO’.— 
This oxide occurs native as tungstic ochre, wolfram-oehro, or wolframine, 
accompanying wolfram or other ores of tungsten, iii CuiiiherlauJ, at St Leonard 
iiisir Limoges, m Mourno County, Connecticut, and in Calxirras County, North 
O.iiolina , sometimes in cubes, sometimes pulveiulent and earthy, of a bnght-yeUow 
or yellowish-green colour. 

Tungstic oxide is prepared from sehcclito (native tungstate of calcium), or from 
wolfram 

1 Finely-pulverised seheelite is decomposed by nitric or hydrochloric acid , the 
soluble nitrate or chloride of calcium is washed out with water, and the romammg 
tungstic acid is iguited 

2. Finoly-pulvoriscd wolfram is repeatedly digested with strong hydrochloric acid, 
at last with addition of a little nitric acid, to dissolve out the non and manganese, 
the tungstic acid which remains is washed and dissolved in aqueous ammonia, the 
solution evaporated to drymess , and the residual acid ammonium-salt heated in contact 
with the air tungstic oxide then remains in pale-yellow scales — 3 One pt. of pul- 
verised wolfram is fused mth 2 pts carbonate of potassium, the fused mass is digested 
with water, tlie filtered solution mixed with sal-ammoniac and iivapopiited ; and the 
residue is ignited in a criieible, and then treated with zinc and hydroehliirie acid, whereby 
brown dioxide of tungsten is pioduced, which, when ignited in the air, yields the piu’o 
trioxide (Wohler) — i Pulvorisedwolfram is fused for an hour with 2 pts cliloridoof 
calcium , the fused mass is treated with water, which leaves tungstate of calciiuu un- 
dissolved , this salt is decomposed hy hoihng with hydrochloric acid , the residual 
timgstio acid is dissolved in ammonia (to free it from silica) , and the ammonium-sult, 
obtained on evaporating the filtrate, is ignited in contact with the air (AV ohler.) 

The solution of alkaline tungstate obtained by either of the preceding methods may 
also he mixed with mercurous mtixite, whereby a piceipitato of mercurous tungstato is 
obtained, which on ignition leaics pure tungstic oxide. 

Anhydrous tungstic oxide is a Icnion-y ollow or sulphur-yuUow powder, daikcr or 
lighter according to the mode of piepaiation. Nordenslcjuld, by fusing the tungstic 
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liydrato with horox in a potteiy-famace, ohtained the auliydroiia oxide in email trans- 
parent tables or bhort prisms belonging to the tmnetrie sjbtom Doblay (Compt. 
rend Iv. 287), by strongly igniting a inixturo of sodie carbonate and tungstate in a 
current of hydroclilorio ncid gas, obt-iined the tungstic oxide in octahcdiul crystals — 
some small and traiieliicont with yeUowibh colour, others larger, black, and opaque 
Tungstic oxide has ti epcoifle gravity of 5 27 (Horapath), 6 12 (d’Elhuj ar), 7 If 
(Kroston). It is tabteless, insoluble in water and inmost acids, only slightly soluble 
in strong bydrocldone and in hydrofluoric acids When heated, it becomes transiently 
darker and greenish, at very high tompeiatnres, but, acconliiig to Bernoulli (Jahresb. 

1 860, p 163), the greenish and the yellow oxides liiive exactly the same composition. 
Tungstic oxide melts at tho heat of a forgo-flTO, and lolatiliseb quickly when heated on 
cliarcoal before the oxyhydrogen-hlowpipe AVhen heated for ton or twenty mhnites 
before the oxyhydrogen-hlowpipe, in a covered platinum-crucible, it forms a crystdUina 
crust, the surface of which exhibits crystals apparently formed by sublimation , no siib- 
■ I ■ • " ’ I ' ’ - ■ . . T , , , . j tungstic 

\ . 1 . • (Sohafank) 

Tungstic oxido turns greenish on exposure to hght, probably in consequence 
of the reducing action ofoiganic particles in tlio air According to Lios'egang 
(Jahresh, 1866, p 214), when exposed to light m contact with orgamo suistanoes, it is 
reduced to blue oxide When heated to redness, in contact with charcoal or hydrogen, 
It lb reduced to dioxide or metal, according to the tempeiaruro and the duration of the 
acbou , by ignition ivith potamim or sndium, it is reduced to metal , by ignition in 
dry amiMnia-gaa, it is converted into oxymtrotamide of tungsten (p 903), by heating 
with sulphur to blue oxide — ^Wlien it is heated vnth. ye»tnMondii of jihoipharm, oxy- 
chloride of pliosphorus passes over, together with small quantities of tungstic ehloride 
and oxychloride, WCBO , the greater p ’ ' ' i ’ in the re- 
sidue winch, when treated with water, y . of tungstio 

oxide with the blue oxide. (Gerhard , . .xxvii 290, 

Jahrosb 1863, p 396 , see also Sohiff, tbtd 1867, p 106 ; Webor, ihid. 1869, p. 79 ) 
Tungstic oxide is also reduced by zinc and hgdrooMone acid, by atanvous cAlonde, 
or by boiling with organic bodies and water — first to the blue oxide, then, by fui’ther 
reduction, to the hroOT dioxide. 

TuNasTic Aoid — T ungstic oxide dissolves in aqueous alkalis or alkaline oar- 
bon.atos, slowly in the cold, more quickly at the boding heat, forming solutions of 
tungstates , and, on precipitating the hot solutions of these salts with an acid, tung- 
stic monohydrate, or tungstic acid, H’WO^ = IT^O WO®, isohtained as a yellow 
precipitate, it dissolves in liydiofluoric acid, and separates from the solution in crystals 
on evaporation 

By mixing a dilute solution of an alkaline tungstate with hydi-oehlono, nitric, or 
sulphuric acid, a white gelatinous precipitate is obtained, having, when air-dried, the 
composition of tungstic dihydrate or hydrated tungstic acid, 2H®O.WO® = 
HAVO’.H'O, — ^This hydrate is likewise formed by tho decomposition of tungstic chlo- 
ride, or oxyehlorido, with water ; after washing and drying, it is sometimes yellowish- 
grey and translucent, sometimes black and opaque , when finely pulverised, it is said 
to dissolve in 200 pts. of boiling, and 300 pts of cold water (Anthou, J pr. 
Obem. IX. 6— Riche, Ann. Ch Phys [S], 1. 6.) 

Tungstic aeid reddens htmiis, and dissolves in aqueous fixed alkalis, and in ammonia. 
Tungstatiss. — ^T ungstic acid mutes with bases in various and often in very 
unusual proportions The salts have been examined by Berzelius (Pogg Ann. 
IV 147, viii 267), Anthon (J pr. Ohem. viii 399; ix. 6, 8, and 337), Margue- 
Titte (J Pharm. (S], vii. 222), Laurent (Ann Ch Phys [6], xxi 64), Lot z (Ann. 
Ch. Pharm. xci. 49, Jahresh. 1864, p 339), Scheibler (Berl. Akad, Eer 1880, 
p 20S , Jahresh. 1860, p, 164), and Mangnac (Ann Ch. Phys. [3]. Ixii. 6, Jiili- 
resb 1 862, p. 143) , but tbo results of these investigations ars not very accordant, 
inasmuch as the salts often differ considerably in composition and properties, accord- 
ing to the mode of preparation adopted. Laurent, from tho behaviour of the ammo- 
nium-tungstates, was led to admit the exiatepco of five isomeric or polymeric modi- 
fications of the tungstates; hut from recent investigations, it appears that the num- 
ber of modifications of tungstic acid and its salts may be reduced to two, viz. • 

1. Ordinary tungstic acid, which is insoluble in water, and forms insoluble 
aaltfe with all metals, except the alkali-metala. 

2. Metatungatic acid, which is soluble in water, and forms soluble salts with 
nearly all metals. 

Ordinary Tungstates. 

Ordinary tiingstie acid forms both neutral and acid salts. Tho neutral tungstates 
contain M®\VO*, or M®O.WO’, tho acid salts were formerly supposed to be either 
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diaeid, M’O 2W0» = M-WO'.WO», ortriftcid, M'O.SWO* = M-WO* 2W0’, Awnrdfag 
to S oil ei 1)161', howerer, tlie aeid tungstates have in general flie formula 3M’0 ywO* 
4H“0, and may he regarded as double salts composed of sesquitnngstates and tetru- 
tmigstiites — t.e., as 2M'0 3W0^ + M^O 4W0’, or perhaps of diaeid andtnacid salts, 
2(M=0 2W0=) + M'0,3W0“(accordingtoPersoz,2M=0,2H=0 3Tu“0»), Accordinglo 
L an rent, the empincal formula of the acid salts is SM-'O 1 2'WO’. ; and according 

to Marignao, this formula agrees with the analytical results more nearly than that 
given by Soheihlor ; but the percentage composition deduced from the one formula 
differs so little from that given by the other, that it is difficult to decide between the 
two by analysis Scheibler's formula, however, which is the more simple of the two, is 
generally preferred Marignao designates these salts, which ho regards as containing 
6 at. basic oxide to 12 at tungsbc anhydride, or 6 at monatomic metal to 6 at tun^- 
Bten, as par a tungstates, he finds that tho ammoniiim-aalt having this composition 
cannot he convert^ into the neutral timgstate by digestion with ammonia. They 
are produced more easily, and crystallise better, than acid tungstates containing any 
other proportion of base and acid. 

Of the ordinary tungstates, only those of the alkah-metols and magnesium are so- 
luble in water, and these are but sparingly soluble They may be prepared in tho wet 
way by dissolving tungstic oxide or tungstic acid in alkahs, or alkaline carbonates, 
most easily at the boiling heat They are also easily formed by fusing tungstic oxide 
with the hydrates, carbonates, or acid sulphates of the alkali-metals. They have a 
hitter metallic taste, and excite an unpleasant feeling in tho throat The insoluble 
tungstates are prepared by igniting tungstic oxide with metallic oxides or carbonates, 
or from the soluble salts by precipitation , also by fusing on alkaline tungstate with 
the corresponding metallic clJorides (chloride of eulcium, for example) ; on exhausting 
the mass ivith water, the insoluble tungstate remains m the crystalline state (Manross, 
AnnCh. Pharm bxxi 243,Ixxxii 368,367). Larger crystals are obtained by adding 
chloride of sodium to the fused mixture (Q-outher and Porsberg, ^bl^ cxx. 268 — 
Schultze,i6iiZ cxxvi 56.) 

Those tungstates whioli are insoluble in water are also, for tlie most part, insoluble 
in dilute acids ; by heating with concentrated acids, they are decomposed, with separa- 
tion of tungstic acid (a oharaoter by winch they are distinguished from the meta- 
tungstates), in tho case of phosphoric acid, the precipitated tungstic acid dissolves in 
excess At ordinary temperatures, tungstates are but imperfectly decomposed by 
concentrated acids, chiefly because a certain quantity of solublo tungstic acid is formed 
at the same time (p 911) Alkaline tungstates in solution are decomposed by sul- 
phuric, hydrochloric, uitno, and ucetic acids, the greater port of-the tungstic acid being 
separated as a yellow or white hydrate, which does not dissolve in an excess of the preci- 
pitating acid (except phosphoric acid) , it dissolves, however, in a large qu.intity of nator 

The precipitate obtained from cold solutions is frequently white, but gradually turns 
yellow even in the cold,, and more quickly when heated The compoeition of this 
white precipitate has been variously stated Scheole regarded it as pure tungstiu 
oxide, winch however is not correct, according to Anthon and Eiohe, it is the 
diliydrate, WO" 2H-'0 , according to Marignao and others, it eoiitams a basic tung- 
state, or it IS a compound of tungstic aeid with the precipitating acid Whether the pre- 
cipitate retains alkali or acid depends on the relative quantity of the precipitating 
acid, the dilution of tho liquid, and perhaps also ou the temperaturo 

Insoluble tungstates, whose bases are msolnblo in alkaline carbonates, are decomposed 
by fusion with alkaline oarhonats. 

Solutions of aUcalme tungstates giro white precipitates with salts of barium, siron- 
tmri, caleiiim, aluminium, zmo, lead, and meroiinoum , yellowish-white with merou- 
70US nitrate, peoch-blossom-colonred with chloride of cobalt, bluish-white with 
nitrate of cornier. — Stannous ahloitde forms a .yellomsh precipitate, which, when 
warmed with hydrochloric or snlphurie acid, tiu-ns blue, from formation of blue 

Feiroai/anide of potassium forma m solutions of alkaline tungstates, after addition 
of hydrochlonc acid, a blown flocculont precipitate, soluble in pure water free from 
acid (distinction from metatnngstates) Solutions of alkaline tungstates are not 
altered by tincture of galls, till an acid is likewise added, in which ease a thick cho- 
colate-coloured precipit.ite is formed Tungstic acid, previously precipitated by acids, 
is also coloured brown by tincture of gulls Alkaline tungstates, ignited with sed- 
ammoniae. out of contact -mth the air, yield a tungstate of tungsten and the alkali- 
metal, together with a black substance, probably consisting of oxynitretamide of 
tungsten (p 90,3 ) Por the blowpipe-reactions of tungstates, and the reactions of 
soluble tungstates with zinc and with sulphide of ammonium, see p 901. 

Alkaline tungstates are sometimes used, in place of stannates, as mordants , they aie 
also employed for rendeiing light fabrics non-inflammahle (i 1102) 
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Tunos TATES OE AEUMiNium — The neutral salt, obtained by .precipitating a 
neuteal alkaline tnngatate mlhalum, is white, flocculont, insoluble in water, but soluble 
in aqueous ammoni.i and in acids — ^The nenZ sa?i, A1®0^7W0“ 9H-0 (at 100°), obtained 
by precipitation with an acid tungstate of alkali-nietal is curdy, united in resiuuus 
lumps, and forms. When dry, a vitreous mass, having a conclioidal fracture. (Lots ) 
Tunostates of Ammonium— a The neutral salt is formed by digestinc: 
tungstic acid or oxide with aqueous ammonia , on evaporating the solution, ammonia is 
given off, and an acid salt remains 

^ The sesQUtaatd salt, 2(NH9'0,3W0’ 3ffO = (NH-*) 'ff (W09“ 2H’0, sometimes 
erystaUises fiom a very concentrated neutral solution of tungstic acid in ammonia, m 
warty eiystals, which give off ammonia in contact with the air, leaving the following salt 
Y 3(NH9=0,7W0“ HH'O = (NH9“H»tW0‘)’ 2^0 —This salt, to which Marig- 
nao assigns the formula 6(lfH9’'0 12WO“ 11H“0, is obtained by slow evaporation of 
a cold solution of tungstic acid in ammonia (Lots, Scheibler) It forms vilreons 
rhombic tables or prisms, aoimiinatod with fom' faces resting on the edges of the 
prism. It has a hitmg hitter taste, reddens htmus slightly, dissolves m 26 to 28 pts. 
of cold water, is sparmgly solnhlo also in aqueous ammonia, and insoluble m alcohol. 
The solution gives with nitric acid a white precipitate, which turns yellow gradually 
in the cold, immediately on boiling. When ignited in a close vessel, it leaves blue 
oxide of tungsten, and, when ignited in contact w'lth the air, it leaves pure tungstic 
oxide. whicJi retains the form ot the erysUls 
When tlie solution is oiaporatcd by heat, small shining crystals are obtained 
(oblique, striated, rhombic prisms, according to Mnrignac), containing 3(NH9 0. 
7W0‘* 3H^O [or, according to Laurent, 6(NH'*)’0 12W0® 4H'0 ; according to Ma- 
rignao, 0(NH9*O 12WO* fii£-0] , they give off2 at wator.it 160°, and are recon- 
verted into tlie hexhydrated salt by solution in water, and slow evaporati on (Scheibler) 
5. An ammonio-trihydrto teiitttimffstaie, (SBiyO 3S‘0,i'W0* = (NH^)*H“(W09\ 
is always formed (according to Riche) when a solution of ammonium-tungstate is 
loft to evaporate slowly , and separates at ordinary temperatures lu shming lamince 
containing 3 at water . at 40° — 60°, in needles containing ^ at water 

Accoiding to Wohler and Anthon, an acid tungstate of ammonium is produced, 
with evolution of ammonia, when tungstate of potassium or sodium is boilod with siil- 
ammoniao According to Laurent, Lotz, and otiiors, the salt thereby formed is a 
double tungstate of ammonium and potassium or sodium 

«. The salt, 2(Nn*)=0.6W0» 6H-0 - (NH*)*H«(WO*)” crystallises ou cool- 
ing from a solution of the salt y, B.ituratcd while hot, in rhombic octahedrons, soluble 
in 26 to 29 pts. of water. On recrystaUising it from water, thin nacreous iioodJos are 
sometimes formed, containing 2[(NH9*II\AVO*)*] 3H*0. (Mariguao ) 
Tunostates OF Babium—o. The neutral sedt, Ba'WO* = BaO.WO®, is ob- 
tained, in the anhydrous state, by precipitation from the solution of a neutral tungstate 
of alkali-metal. It is a white powder, insoluble in water, decomposed by the stronger 
acids, and also by alkaline carbonates, both m the wet and in the dry wMy According 
to Scheibler, the precipitate formed by ehlonde of haiiura in a solution of neutral 
sodium-tungatatc is always a mixture of different s.ilt3 , hut the neutral tiiiigstato may 
bo obtained pure bjr heatmg the metatungstato with hydi.ate of hariiim, or by drnp- 
pmg baryta-water into a moderately dilute and boiling solution of acid tungstate of 
sodium, (3Ka'0.7W0’), as long as the resulting precipitate is redissolved , the solution 
on cooling deposits a double salt, and the cooled mother-liquor yields, with excess of 
harytu-water, a white bulky precipitate, which soon becomes dense and crystalline, 
and then forms spicnlnr octahedrons of pure neutral barmm-timgstate. The salt thus 
obtamed, as well as that prepared from the metatimgstate, contains 2Ba'W0‘ H-^O — 
The anhydrous pit is formed, in the dry way, by fusing toget'-— ■ 

state, 7 pts. barium-chloride, and 4 pts soduim-chlonde, and i 

octahedrons, apparently isomoiphons with the calcium-salt , they are decomposed by 
strong nitric acid at the hoibng heat only (Seiither and Borsberg ) 

B. Acid eafil, 3Ba0.7W0“ 8H*0 —Obtained by precipitation from the acid sodinni- 
salt. White ; becomes anhydrous and yellowish by ignition. (Lotz.) 

Sodw-taria tungstate, 1 7W0».14H°0 (Scheibler). or | WWO'' 24H^O 
(Marign ac), separates in thm plates on cooling, from a hot solution of aeid sodium- 
tungstate, after addition of baryta-water. 

Tunostatb of Oadmium is obtained in colourless crystals, perhaps iaomor- 
phons with the calcium-salt, by fusing 4 pts. sodium-tungstate with 11 pts cadninmi- 
chlorido and 16 pts. common salt (G-enther and Forsberg) — An aminonto-cadmic 
tungstate, 4(3Cld0.7W0“).[3(NH<)»0.7W0n + 36ffO, is obtained, as a white bulky 
precipitate, on mixing the solutions of acid ammonium-tungstate and oadmiimi-sul- 
phate. (Lotz.) 
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Ttthosta'^b of Oaloitik, Ga"WO', or CaO WO’, occurs natira, as schcclita or 
tungsten, m quadratic pyramids P, modifled 1)7 the faces 2Poo and the latter 
ocournug homihedrally. Por P, the length of the principal anas is 1 0!)68 ; the angle 
P . P m the terminal edges = 107° 20'; in the lateral edges = 113° 61'. The 
crystals cleave indistinctly parallel to P, more distinctly parallel to 2Poo, The 
mineral likewise occurs reniform, with columnar structure, and massive granular. 
Haidness = 4 6 to 5. Speeifle gravity =. 6 to 6 076. Lustre vitreous, inclmine to 
adamantine. Colour white, inofining to yellow and hrown. Streak white. Sub- 
transparent to snbtransluceut Practure uneven Brittle. Seheehte is usually 
associated irith crystallme rocks, and is found assooiatod with tin-ore, topaz, fluor-spar 
apatite, or wolfram, lu quartz. It occurs at Caldbeck PeU, near Keswick, in fine 
crystals ; also in Bohemia, Saxony, Hungary, and Sweden, at Coquimbo in Chile, and in 
Monroe and Huntingdon counties, Conneotient 

Tungstate of calcium may be obtained in crystals, by fusing wolfram with excess of 
calcium chloride, and boiling out the soluble salts from the slowly-cooled mass 
(Manross, Ann. Gh Pharm. Ixxxi 243)— also by heating the amo^hous salt with 
hme m a stream of hydrochloric acid gas (D ebray, lb^d exxv 97). The same salt is 
obtained by precipitation as a white powder. It is msoluble in pure water, and in 
acidulated water 

Tungstates of Cbhomium — ^The neutral salt, Cr’O’ 3WO’ ISH’O, obtained by 
precipitation, is light-green, easily soluble in acids, and turns yeUowish-groy m drying. 
— An acid tali, Cr'O’.lWO’ OH’O, obtained by precipitation feom the acid ammonium- 
s.ilt, is a light greyish-groen powder, greenish straw-yellow after ignition. (Lotz.) 

Tungstate of 0onAi.T, CoWOh is obtained in bluc-greenish translucent 
crystals, by fusing 1 pt eodium-tungstute, 2 pts cobalt-ehlorido, and 2 pts common 
salt (Schultzs.) 

Tungstate of OoIppee — ^The mixture obtained by fusing 2 pts sodium- 
tungstate with 3 pts. cupric chloride and 4 pts common salt, leaves, after treatment 
with dilute nitrio aoid, white translucent quadratic pyramids, on which yellowish- 
brown orj stals are implanted. (S c li ill tz e ) 

Tungstates of Ieon — o Feme tungstate is obtained, by precipitating 
feme olilonde with acid ammonmm-tungstate, as a croam-coloni'ed powder, which 
dissolves in tungstate of ammonium on boiling, and in feme chloride even at oidiii.iry 
temperatures. Penno tungstate is also precipitated by ammouia ft-om. solution of feme 
iiietatungstate, while an ummonio-fernc tungstate remains dissolied. The same 
double salt appears to bo formed by the action of ammonia on the crude tuugstie acid 
obtained by treating wolft’.ara with nitromnriatic acid. Borok obtained in this manner 
a double salt containing Pe’0“ 6(NH’)’0 6WO’ + oH’O. 

S Feri oils t ungstaie, Pe"\VO’, is formed, bji precipitating feiTons sulphate with 
acid tungstate of ammonium, as a brown precipitate, becoming darker when heated 
out of coiitiot with the air Tlio same salt is obtained by fusing I pt tungstate of 
sodium with 2 pts ferrous chloride and 1 pt, common salt, in thick, deep black, highly 
lustrous, opaque crystals, having the form of native wolft'am , they are non-magnetie, 
tiieir powder is of a dark violet-brown colour, and speeifle gravity = 71 (Geuther 
andPorsberg) Debray, by igniting a mixture of tungstic oxide and ferric oxide 
in a stream of hydi'uehlorio aoid gas, obtained crystals of ferrous tuugsUto (together 
with crystals of mugnobo iron-ore and tungstic oxide), exactly like those of native 
woHrara. 

Ferroso-manganous Tungstate, (Pe,Mn)"WO’, or (PeO ;MnO) 'WO’. — 
This IS the composition of wolfram, the principal ore of tungsten, which occurs in 
tiimatric crystals having the axes a b c = 0 8231 1 0 861. Angle coP ; ooP 
(macr.) = 78° 66', cofe cop2 = 44° 44'. J>«> joe (basal) = 80°48, JP«> • 
Afoo = 64° 41)'. Obsoiwed combination ooP (»P2 . ooPoo . . Pco P. 

Cleavage parallel to ooPoo It also occurs lamellar, columnar, and massive grumUar, 
the particles being strongly coherent Hardness = 5 to 6 6 Speeifle gravity =71 
to 7 05. Lustre submotallie. Colour daik-gi’oy or brownish-Wek Streak dark 
reddish-brown. Opaque, sometimes feebly magnetic. According to the proportions 
of lion and manganese in wolfram, the varieties may he included m three groups, re- 
presonted by the formulie MnWO' 3PeWO’, MnWO* 4PeWO’, and MnWO‘.6Pe'W'0* 

Wolfram is often associated with tin-ores; also with galena in veins traversing 
greywacke , also ni quartz with native bismuth, tungstate of ealcinm, pyrites, galena, 
blende, &e It occurs in Cornwall and Cumberland, on the island of Eoiia in the 
Hebrides, at Limoges in France, and at numerous localities in S.ixony and Bohemia , 
also m the United States Tho crystals from Ziuiiwald, Bohemia, are remarkable as 
hemitropcs. (Dana, ii. 353 ) 
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G-eutlior and Forateg havn obtained several crystallised tungstates of iron and 
manganese, by fusmg tungstate of sodium -with chloride of manganese and chloride of 
iion in various proportions. 

Ttinostatbb of Lnin — ^The neutral ealt, Pb"WO'*, orPbO.WOl, ocouxs native 
asBcheeletine,a mineral oeenrring in quadratic crystals, isomorphoiis with molybdate 
of load (ill. 1039) Length of prmcipal axis = 1 6092 Angle P : P m the terminal 
edges = 99° 42', in the lateral edges = 131° 30'. The crystals are often indistinctly 
aggregated. Oleavage imperfect parallel to oP, still more imperfect parallel to P. 
Uiu’dnoss = 2-76. Spocifle gravity = 7 87 to 8'13 Lustre resinons, subadaman- 
tine Colour green, yoUowishrgrey, brown, and red Stia.ik iinooloiired. Paintly 
translucent. Tlie mineral occurs at Ziiinwald m Bohemia, with quarta and mica ; 
in Oannthia with molybdate of lead ; and in Chile, probably near Coquimbo. 

Neutral tungstate of lead is produced artificially, as a wlute powder, by precipitation 
from the neutral sodium-salt By fiising tungstate of soda tun with 4 7 pts of chloride 
of lead in a closed erucible, a dark-green mass is obtained, having its cavities lined 
with colourless shinmg crystals of tungstate of lead. (Mauross, Ann, Oh. Pharm. 
Ixxxii 367.) 

The acid lead-salt, 3PhO 7'WO’ lOffO, is formed, on mixing acid ammonium-tung- 
stato with a soluble lead-salt, as a white, flocculent, afterw.irds pulvorulsnt preoipi- 
Ute, insoluble in water, dilute nitne acid, aqueous nitrate of lead, or tungstate of 
ammonium, but soluble in caustic soda It gives off 7 at. water at 100°. 

Tnn-osTATua op Lithium — T he neutral salt is prepared inth tungstic acid 
and carbonate of lithiiun, either in the wet or m the diy way; and orj'stallises 'from 
the aqueous solution in oblique rhombo'idal prisms (C Gmehn), or in octahedrons 
(Aiithon), having a rough bitter taste and alknbne reaction, easily soluble in 
wter-Tha acid saft, 3LP0,7'W0U9H»0, or Li«H\WO‘)n5ffO (Soheibler), is 
prepared hire the corresponding sodium-salt, avoiding an excess of tungstic acid, which 
would lead to the form.ition of a metatuugstate It ciystitilisea in large monoolimo 
prisms and tables, permanent in the au', somewhat loss soluble than the neutral salt , 
melts only at a high temperature, and solidifies to a porcelain-like mass on cooling. 

'I'uNosTATrs op Maonesium — Solutions of m.ignesmm-salts are not precipi- 
tated by neutral tungstates of alkali-metol. By boiling magnesium-carbonate and 
tungstic oxide with water, a solution is obtained which on evaporation yields small 
shining scales, permanent in the. air, having a harsh hitter taste, and easily soluble in 
water (A nth on). — The neutial salt, Mg' WO' = MgO WO®, is obtained by fusing 
1 pt sodium-tungstate, 2 pts magiiesmm-chloride, and 2 pts common salt, and boiling 
out the more soluble salts, m coloiu'Uss, octahedral and prismatic crystals, which are 
gradually decomposed by heating with strong nitric acid they aio isomorphous with, 
the neutral oalomm-salt (Qeuthcr and Porsbetg ) 

Ammonin-magnesian Tungstates. — ^Thesalt (nH9^o| lOffO separates gradu- 

ally, in small nacreous crystals, from a mixture of the hob concentrated solution of the 
tungstates of magnesinm and ammonium — ^Another double salt, 2(p^^^0 1 
24H®0, separates, on cooling, as a crystalline powder, from a boiling solution of acid 
ammonium-tungstate mixed with sulphate of magnesium 
Tunqstatbs op Manganese.— Manganous salts yield a white or yellowish 
precipitate with neutral or acid tungstate of ammomum — The neutral salt, MnWO', 
prepoi'cd in the dry way like the miignesium-salt, forms thick, light garnet-brown, 
highly Instious, rhombic crystals, of specific grovity 6 7 . at the same time there are 
formed yellow needles having the same cnmposiUou as the preceding (Geuther 
and F orsberg) — The aaid salt, 3MnO 7WO" 11H®0, is a gummy yellowish precipi- 
tate, which gives off only 3 at water at 190'° (Lots ) 

The tungstates of iron and manganese have been already described (p 907), 
Tungstatfs op Merotiiiy— o. Mercuric Salts — ^A basic salt, 3HgO 2WO®, is 
obtained by precn'it.iLing a boiling solution of mercune chloride with an insufficient 
quantity of potasaic tungstate It is a white heavy powder, msoluhle in water — An 
acid salt, 2Hg0.3W0'', is obtained, as a white insiiuble body, by precipitating a solu- 
tion of neutral mercuric nitrate with neutral tungstate of potassium. Both these salts 
are decomposed by 'boiling alkahs, with separation of mercuric oxide, and leave 
tungstic oxide when ignited —An ammoim-nurourm tungstate. H:g"(NH')®(WO ■)'' H®0, 
IS obtanied, ns a heavy white prooipitate, on mixing mercuric nitrate with acid tungstate 

fi. Mercurnus tungstate, Hg-'O WO», or Blg'^WO' (Anthon), is formed, on adding 
mercurous nitrate to an alkaline hingstute, as a yellow precipitate, becoming dark- 
yellow when dry, insoluble in water, leaiiiig timgstic oxide when ignited. The 
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insolubility of this salt renders it available for the separation and estimation of tiing- 

Tungstatb Of Moltedenum 13 precipitated&omamixturaofmoljbdie chlo- 
ride and tungstate of ammonium, on addition of sal-ammoniao After washing with 
eal-ammonmc, then with alcohol, and drying, it is a dark-purple body, peimanent m 
the air, and easily soluble m water; amnioiiia, added to the aqueous solution, throws 
down an ammouio-molybdic tungstate The solution of molyhdic tungstate oxidises 
and becomes decolorised on exposme to the au-, and deposits molybdie tungstic acid 
(Berzelius.) 

TuNUSTiTE OE NioKEi,, 3Ni0.7'W'0’.14H?0, obtained on adding sulphate of 
nickel to arid tungstate of ammonium, as a hght-greon precipitate, which unites into 
lumps of the consistence of turpentine (Lotz). By fusing 1 pt sodium-tungetato with 
2 pts. mckel-chlondQ and 2 pta common salt, the neutral tungstate of nickel, NiWO^ is 
obtained in well-defined, brown, highly lustrous, translucent cryetals, having the 
aspect of zmo-bleude (Sehultze, Ann Ch Pharm exxxi 66.) 

Tunostates 01 - Potassium.— T hese salts are formed by adding pulverised 
wolfram to about an equal weight of fused carboiiata of potassium, continuing the heat 
for some time , on boiling the cooled and pulverised maes with wafer, evaporatmg the 
filtrate to dryness, and treating the residue with lukewarm water, the neutral salt 
dissolves, while the and salt remains behind 

The neutral salt, K“WO*, or K-’O.'WO*, crystallises from a hot saturated solution on 
cooling, or on evaporation by heat, in anhydrous, thin, needle-shaped, hexagonal crystals, 
easily soluble in water, decrepitating when heated, and melting at a redheat (Marig- 
nao ' — Tae monohydi ated mmtral salt, K-WO' ffO, is obt, lined by gradually adding 
45 pts of tungstic oxide to a concentrated solution of potassio carbouate heated to 

— 80°, and orystalliaes from the hot filtered solntiun on cooling, in needle-shaped, 
sometimes aggregated crystals. It has a rough and somewhat hitter taste, is easily 
soluble in water, inaoluhlo in alcohol , on pouring alcohol on the aqueous solution, the 
salt crystallises at the surface of contact — The dihydrate, K^WO* 2H’0, crystallises 
by evaporation of the solution over oil of vitriol, at a temperature not above 10°, in 
large, shining, oblique, rhombic prisms or tables, which quickly effioresco in dry, and 
deliqueaee in moist air — The K^WO* 6H-0, crystallises, according to 

Anthon, in colourless six-sided prisms, but the conditions ot its formation are not 
particularly stated. , 

Theaetd salt (K^O.'IWO* 2H^O, according to Anthon and Riche; 3K=0 yWO’.OH'^O, 
according to Soheibler , SK‘0 l^WO’ IIH^O, iiccoiding to Laurent and M.u'igndc) is 
formed by adding tungstic acid to the neutral salt, infusion or aqueous solution ; or by 
ti'catingthis solution with any other acid, or by passing a stream of carbonic auhy- 
dnde through it. The salt is then deposited us a crystalline powder, eonsisting of 
iridescent scales, while metatungstato of potassium rom.ims in solution The acid 
tungstate tastes like the neutral salt; it has an acid reaction, dissolves, aoeording to 
■Riche, in 46 pts cold and 16 pts. boiling water , according to Mangnue, in 71 pts 
water at 20° When, however, a saturated solution is picp.ircd by boiling an excess 
of the salt with water for several days, the cooled solution contains 1 pt. of the salt, 
after one day, dissolved in 5-6 pts water, after 26 days, in 11 9 pts water , after 
163 days, in 16 6 pts water — this last degree of solubility remaining unaltered for 
BIX months (Man gnao) The salt is insoluble in alcohol. 

Tuxostates op Am acid argentic salt, Ag'O 2WO’,orAg=WO*'WO^ 

is obtained by preeipitatrog aeid tungstates of alkah-metal with nitrate ofi'silver, as a 
white anhydrous salt, insoluble m water, slightly soluble m acetic or phosphoric acids, 
mm 6 easily in ammonia When ignited, it turns brown, and cakes together to a rae- 
lallically lustrous mass. — An acid argmtoussalt, Ag'O 2WO'‘, is formed, according to 
R.iutenherg, by the action of hydrogen on an ammoniacal solution of the argentic salt 
It is a black, ghttenug, crystalline powder, which is decomposed by mtric acid, 
leaving tungstic oxide ; potash dissolves the tungstic acid, leaving argeiitous oxide. 

Tungstates of Sopium — T ho neutral salt, Ma’WO*, or Ra^O WO*, is prepared 
like the neutral potassium-salt It crystallises in transparent, colouilcss, nacreous, 
rhombic tables or scales, containmg Na*WO* 2H*0, lianng a bitter taste and alkaliiie 
reaction, permanent in the air, soluble in 4 pts of cold and 2 pts. of boiling water, 
insoluble in alcohol, and precipitated thereby from its aqueous solution It may bo 
reerystiilhsed without decomposition Wlien heated to 200°, it givos off all its water, 
and becomes opaque , and at a temporatui’e somewhat below redness, it melts to a 
transparent liquid, which sohihfles in tho crystalline form on cooling This salt is 
sometimes used, in place of stannate of sodinm, as a mordant in dyeing and calico- 
printing; also for rendering linen, cotton, &c., nninflainmahle (see Qombustion, 
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i. 1102) For the methoda of prepai'ng it on the lai-gr scale, see Bichardson and' 
"Watta’a Cheiuical Ttvlmohqy, i I't], 48) 

Ai'id salts — The 8<i1t .3N.i-'0 according to lotz and Scheihler (6ira’0.12WO’, 

according to Laiu-ent and Mangnac), is pioparcd similarly to the corresponding 
jiotiissium-snlt — namely, by fusing the neutral salt with a sufficient quantify of tungstic 
rij-icle, and boiling the product with w.iter , or by boibng a solution of hydrate, carbon- 
ate, or neutral tungstate of sodium with tungstic oxide, and leanug the resulting 
euUitiou to eiystallise, or, again, by fusing wolfram with onc-third of its weight of 
anhydrous earbonalo of sodium It crystallises from cold aqueous solutions ivith 
16 at. water (Schoibler) [28 at. water, according to Marignac’s formula], in 
large striated inonoclinic prisms, of specific gravity 3 897 at 14°, sometimes 
flAttened to six-sided tables It has an astringent and, at the some time, sweet and 
hitter taste , reddens litmus , dissolves in 2 22 pts. water at 0°, and in 0'24 pt 
ut 10U° (Scheihler), in about 12 pts of cold water (Mangnac). When water at 
36° — 40° IS satuiMtod with this salt, tho cooled solution retains 1 pt. of salt dis- 
solved m 9 pts. water ; but gradually (in about 7 months), so much separates out that 
1 pt. remains dissolved in nearly 12 pla water. If the salt be boiled for some time 
with water, a solution is formed, which, when cold, contains, after one to twelve divy.s, 

1 pt salt to 0 68 — 2 6 pts water, and after seven months, 1 pt salt to 9 '7 pts water 
(Mariguae) The salt effloreseesin dry air, gives off 12 at water at 100°, and the rest 
at 300°,' leaving the anhydrous salt, 3Na 0.7'W’O'', of specific granty 6 49, and still per- 
feetly soluble m water It molts at a red heat, and solidifies in the crystalline state on 
coohngi water then extracts from it the alkaliuo sesquiacid salt, 2Na'0.3'W0^ leaving 
the anhydrous totaituiigatate, Na°0 fWO*, in the form of a laminar or sealy orystaUino 
mass, having a nacreous lustre This last-mentioned salt is quite insoluhlo in water, 
It does not melt at u moderate heat, hut when more strongly heated, cakes together to 
a seinifused mass, containing deep blue-groen crystals (? of sodio-tungstous tungstate) 
When tho solution of the salt, 3Na°0,7'W0’, is evaporated by heat, crystals are 
obtained, containing smaller quantities of water than the above — vis., at 60°— 89°, 
monoolimc crystals containing 3Na’0.7W0* loH’O , and at 1(10", shining octahedrons, 
containing 8Na° 7W0’.12H’0, or 6Na-0.12W0’ 20H’O (Mangnac ) 

A. salt containing 2Na°0.5W0* 12H’0, is obtamad, according to Forcher, m bril- 
liant translucent crystals, by prolonged digestion of the iioutral salt with water, or by 
saturating a warm solution of that salt with tungstic acid 

A diacid salt, Na-’O 2WO“ 2H’0, is precipitated from the solution of the neutral 
salt by hydrochlonc acid, as a crystalline powder (Eammelsborg, Fogg Ann xciv 
614)' — The anhydrous diacid salt, Nn*0.2'wO*, or WWO^WO®, is formed by fusing 
1 at of tho neutral tungstate with 1 at tungstic acid, and is found in needles lining 
the camtios of the resulting crystalline mass. (Foroher.) 

Amniomo-sodic Timgstaies — a Thosalt, 7'WO® SH-O.ci'jstallisesin white 

naoieous scales, from a wami concentrated solution of 1 at neutral sodniin-tungstato, 
mixed withratlieriuoro than 1 at. chloride of ammonium — q j SelFO’.UH'O 
separates in crystalline scales, on pouring a hoihng solution of 1 at. sodium-tungstate 
into a boiling solution of 2 at. sul-ammomac, a largo quantity of ammonia being at the same 
time evolved,— y. The suit .12'WO" 12H'>0,orperhapa,inthepure state, 

4(OT '^0 1 crystallises m naereous rhombic laminee, on mixing the solutions of 

the acid tungstates of sodiimi and ammonium. It is soluble m water, but is resolved by 


roerystallisation into the ammomum- and sodium-salts. — 6 The | ISWO* 

IdH^O, is prepared similarly to tho preceding, which it resembles '(Mangnac ) 
Bano-sodtc imwstate has been already desenhed (p. 906) 


Fotassio-sodw Tmigstatra . — ^A mixture of the tungstates of potassium and sodium 
deposits, first, crystals of the acid potassium-salt, then two double salts, viz., 
|.12WO“ 15IPO, m monoclinic crjstnlB, and 12'W0« 26H’0, in ob- 


lique rbombie octahedrons, aiid lastly, the acid sodium-salt (Mangnac ) 


Tungstates of Sthontium. — The sa/t, SrWO', is prepared like the 

barimn-sait, which it resembles By fusing 1 pt of sodinm-tungstnte with 2 pts 
strontium-cUoride and 2 pts common salt, it is obtained in white translucent crystals, 
having the form of native tungstate of lead. (Schultze ) 

The acd salt (SrO 2WO» 4H'0 according to Anthon, 3Sr0.7W0» 4ffO according to 


Lotz), prepMedhke the acid barinm-Balt, is white, insoluble in cold water, decomposed 
by acids, aiid becomes anhjch'ous when lie.ited. 
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TtjnostatIk of Thokikuhi — Thorinum-salts give white floeciilent precipitates 
with the neutral and acid tungstates of alkali-metal 

TunOSTatb of Tin — A solution of ammonio-slannic chloride is precipitated hy 
acid ammonium- tungstate, in white flocks, soluble in excess of the tm-salt, also in 
pliosphoric, oxahe, and tartaric acids (Lotz.) 

Tungstate of TuHasxEN, W'O' = WO'* 'WO* — ^This is flia blue oxide of 
tungsten, already mentioned os being formed by the rednction of tnngstio oxide by 
zinc and hydroelilorio acid, &o. It is likewise produced, as a fine blue powder, when 
tungstate of ammonium is heated to redness in a retort. 

Tungstates of Ukanium, — The urmiosaU is a light-yellow preeipitato, insolu- 
ble in water, but soluble in the stronger acids, and in ammonia (JBerzelius). — An 
acid uranons salt, 2U0 WO* 6H''0, is obtained, by precipitating uranous chloride with 
an acid tungstate of alkali-metal, as a brownish precipitate, soluhle with green colour 
in hydi'ochlono acid. (Bammelsberg) 

Tungstate of Vanadium, precipitated by alkaline tungstates from vanadic 
salts, is brown, somewhat soluble in w.iter, and oxidises in the am with forination of 
F.inadic acid 

Tungstate of Ytthium, YW0*2H®0, is a white pulTonilent precipitate, 
slightly soluble in water. (Berlin ) 

Tungstate of Zinc, ZnWOS is obtained, by fusing 1 pt. sodinm-tnngstate, 
2 pta zino-ehloride, and 2 pts common salt, and boiling the mass with water, m 
colourloBB square pnanis, with octahedral foces, probably isomorphous with the eal- 
cium-sall. (Gouther and Borsborg ) 

Ammomwn-mno-tungstate, 3H®0, is obtained by precipitating sul- 

phate of zinc with acid tungstate of ammonium, in small snow-white needles, which 
dissolve sparingly in boiling water, more easily on addition of ammonium-tungstate, 
zine-sulphato, oxahe acid, tartaric acid, or phosphoric acid. (Lotz ) 


Metatungstio Acid. 

Soluble Modification of Tungstic Aoid , — Tills acid is mostly produced in the de- 
composition of tungstates by the stronger acids at ordinaiy temperatures , also by the 
action of tungstic acid on tungstates Pure nietatungstie acid is obtainid by decom- 
posing A warm concentrated solution of bamim-metiitungstato with dilute sulphuric 
acid , the filtrate, e\ aporated over oil of vitriol in a vacuum, yields crystals, apparently 
quadratic octahedrons, of hydrated mctatungstic acid, It’WOMH’O, or H*0 WO" -v 7aq 
(Selieiblor), or more correctly, H"WO* 3W0*3lH'‘0, or H"0 lWO"-e31aq Foxchor, 
by decomposing the lead-salt with sulphydric acid, and leaving the filtiate to ovapo- 
rate, obtained metatungstio aoid in sulphur-yellow crusts, apparently made up of 
octahedrons 

Metatuugstic acid is very soluhlo in water ; the solution has a sour and intensely 
bitter taste. 

A solution coiitaiiung 2 79 per cent WO* has a specific gravity of 1 0267 at 17'6°. 
„ „ 12'68 „ „ „ 1 1275 

„ „ 27 61 „ „ „ 1 3274 

.. 43 75 „ „ 1 6313 

The solution may he boiled, .and evaporated to a synip over the water-bath, without 
alteration , but on further concentration by heat, ordinary yellow insoluble tungstic 
acid separates out suddenly. 

Strong snlpburic acid added to a concentrated solution of metatungstio acid forms a 
white precipitate which dis.ippoars on addition of water Aqueous metatungstic 
ncid dissolves oino and iron, with oTolution of hydrogen, blue oxide of tungsten being 
formed at tlio same time. 

A coUmdal modiflc.ition of metatungstic amd is obtained by dialysing a 6 per cent, 
solution of sodimn-tungstate mixed with a quantity of hydrochloric acid exactly suffi- 
cient to saturate the alkab contained in it The solution remaining on the dialyser 
after a few days (amounting to 80 per cent of the liquid used), has a bitter astrin- 
gent taste, IS not gelatinised by acids or suits ovon at the boiling heat, and when 
evaporated to dryness, leaves vitreous scales which adhore strongly to the porcelain 
dishes. They are ooloiirloss if the evaporation has taken place in a vacuum, do not 
lose their solubility by being heated to 200°, but, at a temperatmie near redness, are 
converted into insoluble tungstie oxide, with loss of 2-42 per cent, water. The dry 
soluble acid is rendered sticky by water, bke gum Its solutiona exhibit, at 19°, the 
following specific gravities 
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Quantity of tungstic oxide > , 

(WO») in 100 pts. i ■ ® 

Specific gnavity . . . 1'0475 1’2168 1 8001 

(Graham, Chem Soc J xvii. 318, Jahresh. 1864, p 179 ) 
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Ketatungstatos, M'O IWO”, or M-'WO^ SWO® —These salts have been examined 
chiefly by Sdieibler (J pr. Chem Isxx 204, Jahrosb. 1860, p. 156); but the 
aniinomiiiii-salt, winch was the first known, was discovered by Margueritte (Ann 
Ch Phys. [3], xvii 476). They have the composition of quadmoid tungstates, but 
the tungstie acid obtamed from them is not ordinary tungstic acid, hut the more 
soluble modification They are formed from ordinary tungstates by addition of 
tungstic acid, or by abstraction of part of the base The metatungstates of the 
alkali-metals are best prepared by boiling the solutions of tbe corresponding tungstates 
for some time with hydrated tungstic acid, ffWO^.H-O, or by dropping an acid 
(phosphoric acid being the beat adapted for tlia pm'poae) into tbe solution of an 
aUcuUno tungstate, as long as the tungstic acid separated in the first instance redis- 
solves. The other metatimgstates may bo prepared from those of the alkali-metals by 
double docomposiUon, and very easily by decomposing the matatungatate of barium 
with soluble sulphates The metatimgstates may also be prepared by the direct com- 
bination of metatungsi.ic acid with bases, or by its action on carbonates, nitrates, or 
chlorides, all of which it decomposes 

The motatiragstates are for the most part soluble and crystallisablo ; some are very 
soluble, and leave amorphous gummy masses when evaporated, according to Mang- 
nao, they react nearly neutral, colouring litmus violet, they offluresoe m dry air, and 
give off the greater part of their crystalhsation-water below 100°. The metatung- 
states of tho mkali-nietals do not melt at a red heat, but merely bake together, decom- 
posing at the same tune, with foimation of blue oxide Their solutions do not pre- 
cipitate the salts of the earth-metals, or of the heavy metals, excepting those of lead 
and mercuromm They give no precipitate mth Jen-oa/aiiide qf potamum. — Acids 
added to the solutions of metatimgstates do not precipitate either white or yellow 
tungstic acid — Zme and hjdioMorvi acid colour them blue, changing to reddish- 
violet (not to brown like tho ordinary tungstates Poroher). These reactions are suffi- 
cient to distingmsh tbe motatiuigstates from tho acid tungstates, with whicli they ai's 
in some oases isomeric They are, however, easily reconverted into ordinary tung- 
states by addition of aqueous alkalis, the solutions being then precipitated by acids, as 
weE as by the salts of the alkaline earth-metals and other metals 

Metatungstie acid precipitates the solutions of erc/amo bases in flocks, and may 
therefore he used as a reagent for these bases, the solution of a metatungstate 
acidulated with a mineral acid, or ordinary tungatate of sodium mixed with excess of 
jihosplionc acid, may be used for the purpose. This reaction with metatungstie acid 
IS said to be even more delicate than that with phosplio-molyhdic acid, a distinct 
turbidity being produced by metatungstie acid in a solution containing not more than 
1 pt in 200,000 of quinine or strychnine 


Metatnngstate o/ (NIP/WO^OH^O, or (NnT0.4WO» -t 8aq 
according to Scheibler, 2(NH'‘)®W'‘0'’ 16IPO, according to Lotz.— This salt, 
discovered by Margueritte, is produced by boiling tungstate of ammonium, either alone, 
whereupon ammonia is given off, or mth tungstic acid, which is dissolved On evapo- 
rating tho solution to a synip, ordinary amniomum-tungstato separates out first, and 
tho fllti.ite deposits tho metatungetate in highly lustrous transparent ootahedi'ons, 
winch efflore.sco on exposure to tho air The salt is very soluble iii water, melting at 
first at tho bottom of the liquid, like phosphorus The .solution is strongly refiuctive, 
IS not precipitated by hydrochloric or iiitiie acid, but when mixed with ammonia, and 
evapor.iteil, yields eryslals of ordinary acid tungstate, 3(^NH®)-0.7W0“ (Lotz), — Prom 
the motliar-liqnor of the octahedral metatungetate just described, Margueritte ob- 
tained tho suit (l}ff)*0 GWO" I 13aq, m woll-dofined crjstalhno laminee — Tlio 
potassium,- salt, E-WO'® 8H’0, obtained by boiling tlic tungstate with tungstic acid, 
ciystalliBes lu shining oetahedrons resembling the aminoinum-salt. The same solu- 
tion yipids slender needle-shaped crystals, which, however, are converted into the 
octahedral salt by rocrystiiEisation , the salt appears therefore to ho dimorphous 
(Scheibler) — Tho «orfi«»i-jiffli’t,Ea''W*0'® lOH-'O, also crystallises iu shining octa- 
hedrons, apparently regular, of specific gravity S 84, and very efflorescent. One part of 
water at ordinary temperatures dissolves 10 69 pts of those crystals, foiming a solu- 
tion of specific gravity 3 019 . hot water dissolves the salt in all proportions The 
salt gives off all its water at a boat much below redness, and if it has not been too 
strongly heated, still dissolves completely, though slowly, in water (Mariguac), In 
other lespects it behaves like the potassium- and ammouium-saits. Margueritte like- 
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wwe mentiona'a salt containing iraW0'*.4H’0.— Tho lithmm-saU dries up over oil of 
vitriol to an amorphous mass. 

Metaticnffstate of Sanum, Ba'W*0”.9H®0, is ohlained by mixing the warm concen- 
trated solutions of ammonium-metatnngstato and banum-ehlonda, and, whati piiriaed 
by reerystaUisatiou, forms large, shining, quadratic octahedrons, modified by the pris- 
matic faces and the perpendicular ond-faces. They have a speeiflc gravity of 4'298, 
effloresce in the air, and give off 6 at, water at lOO^, at a red heat the salt becomes 
yellow and insoluble. The crystals are decomposed by cold water into the insolublo 
tiiaoid salt, Ba'W’0'‘’.6H-0, aud free tungstic acid, which, however, recomhine at the 
hoiling heat. The metatungatate dissolves easily m boiling water , the aolutiou yields 
metatungatic acid when decomposed by dilute sulphuric acid, and the other meta- 
tungstates (as those of magnesium, zinc, cadmium, eohalt, nideel, &o ), by double de- 
composition with soluble sulphates. — The stronimm-salt, Sr'W-'0'“.8H*0, obtained like 
the banum-salt, crystallises in quadratic octahedrons, modified by the faces oP and 
coPoo , — The caloimi-salt, formed by decomposmg ehlonde or carbonate of cffleium 
with metatungstio acid, crystoUisPS with diifieulty, — ^The maguesmm-aaU, Mg'W'O**. 
8H^O, forms shining, probably monoelimc crystals, permanent m the air. — The gln- 
cmum-salt is very soluble, but crystallises from a syrupy solution, m dehcate deliques- 
cent lamiusB — The alunamum-aalt dries up to on amorphous mass, 

Ueiaiwngstate of padmium, CdW'O’MOH'O, forms shining quadratic octahedrons, 
permanent in the air. — The ceroua salt, CeWO'*.10H'“O, prepared by decomposing 
ceroiie carbonate with metatungstio acid, orystoUises in pals, lemou-yollow, mouoclinio 
crystals, permanent in the air — ^The lanthanum- and dUlynvmm-salta are also crystal- 
lisahle.— The cobalt-acdt, CoWO'® 9H®0, crystallises in quadi'atie octahedrons , the 
cupr-u aalt, Cu'W'0'MlH’'O, in laminte and tables, probably belonging to the mouo- 
clmio system — The ferno aalt dries up to an amorphous moss , its solution, mixed 
with ammonia, yields a precipitate of ferric tungstate, while ammonio-ferric tungstate 
remaius in solution. — The ferrous salt, prepared by dissolving iron in metatungstio 
acid, IS orystallisahle, hut difficult to obtain pure. The solution, which has a fine 
blue eoloiu’, contains blue oxide of tungsten, as well as the ferrous salt. — ^Tho lead- 
salt, PbWO'hfiffO (Lotz), or Pb'W-'O” 5H*0 (ScUoibler), is obtained by precipi- 
tating a moderately concentrated solution of the acid, or the ammonium-salt, with 
aootate of lead, as a white fiocculent salt, which dissolves in a largo quantity of hot 
water, and orystalhsea by slow evaporation in slender silky needles, easily soluble in 
nitric acid, — The manganous salt, Mu'W'O'* lOffO, forms beautiful, light-yellow, 
quadratic octahedrons, with perpendicularly truncated summits, they arc permanent in 
the air. — The merourous aalt, Hg''W-‘0'“.26H-0 (f), is obtained on adding mercurous 
nitrate to the free acid, or an alkaline metatungatate, as a white bull^ precipitate, 
which shrinks considerably in drying, and assumee a lemon-yellow colour — ^Thc 
niclel-salt, NiW'O'* 8H*0, forms monoehnic pnsms and tables. — The stiver-salt, 
Ag■‘'W'*0'^8H“0 , 18 best prepared by mixing the boiling solutions of equivalent quan- 
tities of sodium-metatungstate and silver-nitrate, wifli addition of a few drops of 
nitric acid ; the clear solution, on cooling, deposits the salt m waxy crusts, consisting 
of microscopic octahedrons. It dissolves eawly in water, crystallises hy_ evaporation 
over oil of vitnol, but remains as an amorphous mass when the solution is evaporated 
by heat. — The erne-salt, ZnW^O’MOH’O, is very solublo, and crystallises with 
difficulty. 

Ethylic Metatungatate, probably is produced by heating 

the silver-salt with ethylio iodide in sealed tubes, and remains, on distilling off tho free 
etliylic iodide, exhausting with absolute alcohol, and evaporating quickly in a vacuum, 
as a thick viscid syrup, which slowly dries up, over oil of vitriol, to a groomsh fissured 
mass. It is very unstable, and is instantly decomposed by water, yielding tungstiq 
hydrate. 

Ordinary tungstate of silver, heated with ethylio iodide, does not yield a tungstio 
ether. 

TUnraSTEBT, OETBBOmiDBS OB. (See p. 899.) 

TUn-CSTEMT, OXVCaitOBISBS OB. (Sec p. 900.) 

TUBroSBEKT, BKOSPHIDBB OB. Phosphorus and tungsten combine di- 
rectly, but without incandescence, when finely-pulverised metallic tungsten is heated 
to redness in phosphorus-vapour. The lesulting compound is a dull dork-grey pow- 
der, very difficult to oxidise, and containing W’P‘. — ^Another compound, W‘P“, is 
obtained in beautiful crystalline groups, like natural geodes, by reducing a mixture of 
2 at. phosphoric and 1 at tungstic anhydride, at a very high temperature, in a cruci- 
ble lined with charcoal Tho crystals are six-sided priams, sometimes an inch long 
having a steel-grey colour and strong lustre , specific gravity »= 6‘207. This ooni- 

Voi. V. 3 H 
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iioirad JB a good conductor of clpctrioity, is senrcoly oxidised wlieu iioaltd to redness, 
but Liirns witli gre.it splendour on cliarcoiil in a stream of oxygon, or on fused elilo- 
rate of polnsainin , it is not attacked by any acid, not oven by uitromuriatic acid. 
(Wolilor, Clioni. Soc. J T 91) 

TUSTOSTUSSr, BITIiPKMJJaS OSP, The disulphide, 'WS®, is formed when 
tungsten, or one of its oxides, is boated to redness with sidplnir, or certain yolatilo 
Bulplnir-compoiiiids It is prepared by igniting tungsten or tungstic oxide with G pts. 
of einnabar, or by passing the vapour of carbonic disulphide or siilphydnc acid over 
tungstic oxide heated to redness in a porcelain tube , also by igniting tlie tnsulphidu 
in a close vessel (Borzolins and Borck). Eiche prepares it by fusing eijual parts of 
acid potassium-tungstate and sulphur in a emcihle, and lixiviating the mass with water. 

Disulphide of tungsten is (according to B6rzolins)agr6yish-whitB powder, acquir- 
ing, by pressure, a steol-grey colour and motaUic lustre. According to Eiehe, it forms 
slender, soft, black, needle-shaped crystals, which sod the fingers like graphite. It is 
oxidised by ignition in tho air, or in vapour of water, also when geutly heated with 
nitric or uitromuriatic acid. It is not altered by fusion with cyamde of potassium. 
(Wohler and v.Uslar) 

The in skI;!) 1(1 die, or Tungstir Sulphide, yfS', has hitherto been obtained only 
in the wet way It is prepared by dissolving tungstic oxide m sulphydrate of ammo- 
nium or potassium, and precipitating with an acid , or by saturating an aqueous 
solution of alkalino tungstate with snlphydiio acid, and procipilatmg with hydrochloric 
acid It IS black when diy, and yields n liver-coloured powder, chssolvos shghtly in 
cold water, more easily in boiling water ; and is precipitated almost completely by sal- 
ammoniac and other 8.ilt3, and by acids When boiled with hydrochloric acid, the 
precipitate becomes denser and darkor-eolonrcd, ultimately black-blue, but remains 
soluble iu water. It dissolves easily, especuilly when recently precipitated, in hydi'atp 
or caibonate of potassium, and in ammonia Wlien ignited, alone or with cyanide of 
potassium, it is reduced to the disulphide 

Trisulphide of tungsten unites readily with basic metallio sulphides, forming sul- 
phur-salts called sulpliotiingstates, ropresoutod for the most part by tho formula 
M“WS^ or M’S.WS’, analogous to that of tho neutral tungstates The sulphotung- 
states of the ahcali-motala and alkaline earth-motals may ho prepared by dissolving tho 
tnsulpbdo in tho corresponding sulphydimtes, or by treating the corresponding tung- 
states with snlphydric acid When trisulphide of timgsten is dissolved in a caustic 
alkali or an alkahno carbonate, a timgstate is formed, together with the sulphohmg- 
state ; and the resulting solution yields, with acids, a light red-hrown precipitate of 
tungstic oxysulphido, which does not turn black when boiled with hydiochlorio 
acid. The insoluble sulphotimgstates of the earth-metals, and heavy metals, are oh- 
tamed by precipitation, or by boiling a solution of aUcalino sulphotungstate with the 
corresponding oxides. 

The ammoiiium-salt, (NH^^WS', separatesfroma concentrated solution in yellowish- 
red crystals , and the mother-liquor, when loft to evaporate, deposits yellow rectangular 
tables. The salt is somewhat sparingly soluble, it decrepitates when heated, and when 
Ignited out of contact of air, leaves timgstie sulphide in lumps having a metallic lustre 
Tho poiasstum-sali, E?WS*, separates from its aqueous solution, on evaporation, in 
nnhydrouu yellow crystals, or smooth, pale, four-sided red prisms, with dihedral sum- 
mits, and is precipitated by alcohol in delicate omnahar-red prisms. The aqueous 
solution, mixed with a small quantity of hydrochloric acid, yields, by evaporation, a 
black mass, consisting of an acid sulphotungstate, K^S ZWS", or K“WS*.WS®.— Tho 
aqueous solution of the neutral salt, boiled with cupric hydrate, yields ouprio sulphido 
and tungstate of potassium If the solution of the sulphotungstate contains also 
tungstate of potassium, or if the tungstate he fused with sulphur and the fused mass 
dissolved in water, the solution yields by evaporation lemon-yellow rectangular plates 
of the oxgstdphoiungsiate, K®WS’0’.9H®0. A solution of 2 pts. potassium-sulpho- 
tungstate and 1 pt potassium-nitrate, yields ruby-red transparent crystals of a double 
salt, containing K“WS''.KirO“, which detonates like gunpowder when heated to com- 
mencing redness, yielding apale-yellow mass, from which water extracts tungstate and 
sulphotungstate of potassium, leaving disulphide of tungsten. 

The sodiuvi-sali, Na-WS^, crystalhsos with difiSculty from tho aqueous, more easily 
from tho alcoholic solution, by spontaneous eva^ration. The crystals, when exposed 
to the air, soon become moist and yellow. There is also an acid salt, soluble in 
water and in alcohol 

The banum-salt is prepared bypassing snlphydne acid gas through water m 
which tungstate of barium is suspended, and crystaJlisos by evaporation in yellow, 
transparent, crystallmo crusts When tungstic sulphide is dissolved to saturation m pro- 
tosulphide of harinm, tlie yellow solution yields, by evaporation, a brown amorphous 
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— The i,alc%um'satt, prepared like the kariimi-salt, is an amorphous mass, easily 
soluble in water and in alcohol , the strontmm- and magnesmnirsaits, propaied in like 
mauuor, aro also soluble m water and in alcohol, tho former separates in lemon- 
yellow radiate crystals, tho latter is imcrystalhsablo. Tho solutions of the calcium-, 
strontium-, and magnesinm-saltB take up an additional quantity of tungstic sulphide, 
and then leave, on evaporation, hrown or brown-red amorphous masses.— rTho mmiga- 
Dous salt, Mn'TVS*, also dissolves in water, forming a yellow solution 

The cadmium-salt, Od''WS‘, and the sinc-salt are yellow precipitates, the latter 
sepaiating gradually, tho ccrmm-salt is also a yellow precipitate, which separates 
only after 24 hours. — The sulphotuugstates of cobalt, copper, lead, and mckd, repre- 
sented by tile general formula M"WS\ are browu or black-brown precipitates. — The 
mercuric salt, Hg'TSTS^ is precipitated, on mixing tlio solutions of inercuric chloride and 
potiissiiiin-BulpbotungstatB in equivalent piToportions, in orange-yellow flocks , with an 
excess of mercuric clilorido, the precipitate is wlntn , with an excess of tho aUcalina 
Bulphotungstate, black. — Tho mercurous salt, Hg“WS*, is a black precipitate, the 
sdwr-salt, Ag^WS', dark-brown.— The stoinows 3att,iSn"WS*, is precipitated in brown 
flocks ; the stannic salt, Sn'''(WS')’’ Sn‘''S’, in groyish-yellow flocks. — Tlie platimc 
salt, Pd’CWS*)’, and the avne salt, Air'(WS')’> are black precipitates, the hisnmih- 
salf,Si"'(WS*Y, dark-brown , nearly black. — The feme salt, I'o"\WS is a dark-hrown 
bulky precipitate Ferrous salts do not proeipitato a solution of potassium-sulpbo- 
tungstate. (Beizelius.) 

TVSTOSTEW-WCBTHTIi. AV(CH«)'' (Eiche. Compt. rend xlii 203 — 
Cahours, Jahreeb 1861, p. 353.) — ^When tungsten is heated with methylic iodide to 
240“ m a scaled tube for several days, a viscid liquid is formed, from which ether- 
alcohol extracts iodide of tiingsten-methyl, consisting, according to Eiche, of 
CH®)®P, but, according to Oabours’s analysis, of ’W’’' | ^ , a composition which 

IS in accordance with the known atomicity of tungsten. This iodide crystallises in 
colourless tables, melts at 110°, and when agitated with recently-precipitated silver- 
oxido, IS converted into oxide of tungsten-methyl, or tungstic oxytetra- 
methide, This oxide dissolves ra acids, forming uncrystaUisahle salts, 

remaining, when concentrated, as viscid liquids, from which tho oxide is reprecipitated 
by alkalis 

Tungsten heated, in like manner, with ethjhc lodulo is scarcely attaeked, only a few 
needles of tungstic oxyiodide being fomed, which float about in tho liquid (lliehe ) 
TtnsrOSTIC COIWPOTJWDS. Compounds m which tungsten is hexatomic,Tiz., 
WCl", W0», 'W(0H»)<P, &o 

TTrKrasTOSl:s.ZCXO ACZDS. (Marignao, Ann Oh Phys. fUi “>• S. 
Jabresb, 1864, p 220 ) — ^Thoso aro tetrabasie iicids, conlauiing both silicon and tung- 
sten Tlieir names and formula!, as given by Marignac, aro as follows 


tSihcoduodecitungstio or Silicotungstic acid . . 4H-0 SiO* 12'W0» 

Tiiiigstosilioic iicid 4H^O 12AYO’ SiO*. 

Silicodeeitiingstic acid . . . . 4H'0 SiOMOWO". 


They may bo regarded as tungstates of silicon and hydrogen, the first two having tho 
composition H’'Si"'0*.12'WO“,whicliisi6ferable to that of aii.icidtniigBtat6, 1VI-0.2W0®. 

The potassium- or sodnim-s.ilt, of tho first of these acids is produced by boiling 
gelatinous silioa with acid tungstate of potassium or sodium, its formation probably 
taking place as ropicsented by the equation ■ 

orK«0°’lWO»| + SiCHO)-* = 12YV(P h- 4K(H0). 

The resulting aolutiou yields, ivilh mercurous nitrate, a precipitate of mercurous 
sihcotungstate; this, when decomposed hy an exactly equivalent quantity of hj- 
dochloric acid, yields a solution of hydric silicotungstate, or silicotungstic 
acid, and the other silieotungstates, which are all BolnWe, aro obtained by treating 
the acid with carbonates 

Sill code Cl tungstic acidis obtained as an ammomum-salfc by boiling gelatinous 
silica mth Bolutiou of acid tungstate of ammonium , and from this, the acid and its 
other salts may be obtained in tJie same manner as tho preceding The sihcodoci- 
tungstates are very unstable, and tlio acid is decomposed by more evaporation, depositing 
silica, and being converted into tungstoailieic aci d, which is isomeric with silico- 
tungstifl acid, and likowisa decomposes carbonates. All tlireo of those acids aro 
capable of exchanging either one hall or the whole of their basic hydrogen for metals, 
thereby forming acid and neutral salts ; eilicotimgstic acid also frams an acid sodium- 
salt, in which only one-foiirtli of the hydrogen is replaced by sodjiim 
3^2 
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Silicotung'Btio Acid, 4H*O.SiO® l^WO’ = H'SiW'O".— The conosntrated boIu- 
tion of this acid, obtained as above, yields the acid, by spontaneous evaporation, in 
large, abining, colourless (or slightly yolloTvish), quadratic octahedrons, containing 
H'Si'W^O*’ . 2flH-0. They are combinations of P . coPco . oP, having the angle 
P • P in the terminal edges = 109° 9'; in the lateral edges =■ 1 10° 6'. They effloresce 
in contact with the air, begin to inolt at 36°, and fuse completely, at 53°, to a liquid 
which yields another crystalline hydrate At 100° they give oflf 25 at. water, another 
portion at a higher temperature, and the remainder at 360° ; at this temperature, 
however, the acid retains its solubility , hut at a stronger heat, it is converted into an 
insoluble mixture of silicic and tungstic anhydrides. The other hydrate, above 
mentioned as separating from the melted acid, contains IL®SiW'*0^^ . 22H“0, and is 
likewise formed when the acid separates from a solution contaimng hydroehlorio or 
Bulphurio acid. The cryetale are combinations of a rhomhohedron (B) with the basal 
end-face and a subordinate acute rhomhohedron, whereby they acquire the character 
of cuho-octahedrone (R : K in the terminal edges - 88° 48'; oP' E = 124° 26'), 
they are distinguished from the octahedral crystals by their permanence in the air. 
Siheotungstie acid dissolves easily in water and in alcohol, the aqueous solution, 
saturated at 18°, contains 1 pt. of the oetuhodral acid to 0 104 pt. water, and has a 
density of 2 283. The alcoholic solution mixes with an equal volume of ether without 
turbidity , but, an odding more ether, the concentrated ethereal solution separates os a 
syrupy layer, which forms a clear solution in water, hut becomes turbid and gives up 
the ether when heated. The same s^py liquid (which does not contain any silico- 
tungstic others), is obtained by exposing either the octahedral or the rbomhohodial 
crystals to ether-vapoui-. 

SiliQotnngstates — Silieotungetio acid is a strong acid, dscomposmg carbonates, 
and easily forming double aalts. The salts are all soluble in water, excepting the mer- 
curous salt, and almost all crystallise well They are not altered by boiling with 
hydioeUorio acid. Caustic alkalis and alkaline carbonates throw down silicio aoid 
from their solutions; the precipitate formed by ammonia redissolves at the hoiUng 
heat When heated to redness, they glow slightly, and leave a residue containing free 
tungstic anhydride. 

Sthcoiungttaie of AUiminUim is obtained by dissolving aluminium-hydrate in 
Bihootungstio acid, or by adding the latter to a solution of aluminium-chloride, in 
large regular oetahodrons contaimng a1^H'’Si''W“ 0'”.87H’0, or 2A1“0*.6H“0 8(SiO“. 
12WO*).87aq. The cold solution is rendered turbid by addition of ammonia, but 
becomes door again when warmed, and yields, after evaporation of the excesa of 
ammonia, an octahedral -double salt, containing 2A1*0* 9(NH‘)®0 S(SiOM2WO®) . 76aq. 

Ammomum-salts.— The oolammonio or ieirabasio salt, (NH<)®SiW“'0“.16H''0 = 
4(NH*)’O.SiO“.12WO*.16aq., is produced by saturating the acid with ammonia, or by 
prolonged boiling, of a solution of silicodeeitungstate of ammonium, and remains, on 
leaving tbe solution to evaporate, m opaque white nodules By boiling with hyijo- 
ehlorio acid, it is converted into the tetrammonic aedt, (NH*)® SiW'^'O" 6H®0. Both 
these salts, when heated -with ammonia, yield sparingly soluble aoid tungstate of 
ammonium, which separates, and silicodecitimgstato of ammonium, which erystalliaes 
on evaporation. 

Bariwm-aaWs.— On mixing a solution of silicotungstic aoid with carbonate of 
barium tdl a permanent precipitate of neutral salt is produced, the clear liquid yields, 
on evaporation, monoclinie prisms of the dibarytio aalt, Ba“H^SiW”0”.14H“0, which, 
by prolonged contact with the mother-liquor, are converted into a more highly 
hydrated efflorescent salt, containing ]5a’H*SiW”0".14H“0. On adding chloride of 
barium to an excess of a hot solution of sodium-silicotungstate, a double salt, 
Ba“Na’SrW'®0‘’.28H®0, separates, on cooling, in orvstals annarently having the form 
of rhombic octahedrons They are decomposed by continued washing, leaving a pnl- 
vemleut, nearly insoluble tetrabasio salt. 

Calaiicm-aalta. — The dicidcio or acid aalt, d'a’H'SiW'“0“.22H*0, crystallise.s 
from a syrupy solution in very l^e, shining, rhomhohedral crystals, E oE, perma- 
nent in the air. The warm solution takes up carbonate of calcium, hut the resulting 
neutral salt is not crystallisahle. „ 

Magnes%um- salts. — The add aalt, Mg*H*SiW>'0*'' 16ffO, forms triclinicprisms, 
permanent in the air. — The neutral salt is not crystallisahle. 

"She mercurous salt, 3Ig''SiW'’0“, is a heavy yellow precipitate, insoluble in 
water, very slightly soluble in dilute nitric acid 

Pot-asaium-aalis. — a. The neutral salt, K“SiW‘“O'“.14H®0, prepared by boiling 
gelatinous silica with acid potassium-tungstBic, erystaUiscs, on cooling from the hot 
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filtored solution, in hard granular crusts, which may ha purified by recrystalUsation , 
tlio crystals look hka ouhfes, hut eriubit double refraction. The salt dissidveB in 10 pts. 
water at 18°, and m less than 8 pts boding water. — p. The ietrapotamo salt, 
K‘H'SiW‘”0‘‘“ . 16ffO, crystallisos, on evaporating a solution of the neutialsaltniixeci 
with hydrochloric acid, in large, colourless, shining, hexagonal prisms, with pyramidal 
summits, ooP . P. Angle P P, terminal = 144° 46' j lateral ■= 74° 30 ; prismatic 
faces longitudinally striated. The crystals effloresce slightly in the air, and at 100° 
give off their water of aystalliaation, together with 1 at. of the basic water. They 
dissolve in 3 pts. water at 20 °. — y A solution of the tetrapotassio salt mixed with 
hydrochloric acid, then evaporated and left to cool, deposits, first a pulverulent very 
acid salt, then crystals of the tetrapotassic salt, hut when these two salts are left for 
gome tune in the mother-liquor, tneji both disappear, and another salt is deposited in 
monoclinio prisms containing 2K“H''Si'W"'0‘® . 26H“0*, theyare decomposed hj'solution 
1 11 water, the hqnid, when evaporated, yielding, first crystals of rhombohedral silieotung- 
stio acid, then the salt and lastly the salt y 

The sil-uer- sal t, 7H®0, separates as a crystalline precipitate when 

carbonate of silver is dissolved in sihcotungstio acid, or when this acid is added to a 
solution of silver-nitrate. It is slightly soluble in water, easily soluble in dilute 
mtno acid. 

Sodium-sali The neutral salt, Na*Si . 7H®0, is prepared like the neutral 
potuasium-salt, and crystallises by spontaneous evaporation in slender needle-shaped 
crystals. The saturated solution contains 0'21 pts. water to 1 pt. of the salt, and has 
a specific gravity of 8 05 at 19°. — J8. The tetrasodxo salt, ira*H'*SiW'‘0“, crystallises 
irom a solution of the neutral salt mixed with hydrochlono acid, with amounts of 
water varying according to ciroumstancea. If the crystallisation takas place at 40° — 
60°, or from a solution containing hydrochloric acid, at ordinary temperatures, tri- 
cUnio tabular crystals are obtained, containing 11 at. water. A pure, ooneentrated,, 
aqueous solution deposits, at ordinary temperatures, nacreous, efflorescent, tricli- 
iiic prisms with 18 at. water A hot concentrated solution deposits, on cooling, 
first crystals of the ll-hydrated salt, afterwards triclmio prisms differently modified 
and containing a different amount of water, and finally the 18-hydrated salt. 'Wlien, 
nitric acid is used, in place of hydrochloric acid, in the preparation of the tetrasodio 
salt, the mother-liquor yields on concentration a double salt, 41ToNO’ 3(N'a^H*Si'W'’0'''. 
13li'0), in hygroscopic triolimo prisms, mostly twins with the combination-face ce? co, 
— y. The dis<Mus salt, Ne®H®SiW°'0“.14H*0, crystaUises, on evaporating a solution 
of the tetrasocUo salt, mixed with sulphuric or silicotnngstic acid, in tnchnie tabular 
crystals, very much like those of the tetrasodio salt deposited from a warm solution. 
This salt decomposes when dissolved in water 

TungstosUlolo Aold, H*'W’’Si0“=4H’0.12'W0*.Si0’(Marignac). — This acid, 
isomeric with silieotungstio acid, is produced when a solution of silicodecitungstio aciii 
IS evaporated to dryness by heat, and crystallises from a solution filtered from silica, 
and evaporated to a syrup, in triohnic prisms, exhibiting the dominant combination- 
oo'^P . oaF, . coP oo . oP, with domes and hemipyramids subordinate The crystals' 
deliquesce in damp air They molt below 100° in their water of orystaUisation, and 
then dry up with intumescence. At 200°, the residue crumbles to a fine powder, 
which contains 2 at water, and redissolvea in water, with nso of temperature , the acid 
docs not lose its solubility even when heated above 300°. It is also easily soluble in 
.ilcohol, and behaves to ether like ailicotungstio acid (p 016) 

The tungstosili cates are obtained by saturating the acid witli earhonates. 
Some of them are unerystallisable, and others are distinguished from the corresponding 
failicotungstatas by their cryetalhne form, degree of soluhJity, and amount of water- 
of crystallisation , hut there is no characteristic xea/jtion by which the two isomeric- 
acids can he distinguished one from the other 

Tzenffstosthaata of alumimum, 2A1“0’ 6H*Q.3(12'WO“£i0’').76H''O, crystal- 
lises from a syrupy solution of gelatinous alumina in tungstosihcic add, m tridinio- 
prisms, resemhhng the oaleium-salt, and fiiequently united m twins by the face 

The ammomum-salt has not been obtained of definite composition. 

Barium-salt — On saturating a solution of tungstoaihcie acid with boryta-wator, a 
precipitate is formed, which redissolvea in the acid hqmd on stirring, untlmore than 
2 at baryta have been added, after which it unites into a layer, oily when warm, 
resinous in the cold, and drying up in contact with the air to a vitreous mass, consisting 
of the neutral banum-salt, Ba’‘SiW''''0“.9H'''0, or 4BaO 12'W'0*.SiO* . 9aq It becomes 
glutinous again in contact with water, and after prolonged contact crumbles to a 
powder, which in the air-dnod state contains 4Ba0.12 WO*.SiO’ . 27aq. 

The aoid eafriMOT-saii, 2CaO 2H“OJ3WO“SiO®.20aq., forms triclimc crystals, 
co',P . coF, . ceP CO . oP &c., tabular from predominance of cot oo , it is hygroscopic iu 
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movst air Somatimea anotlier Ball., 6CaO 311*0 2(12W0* SiO*) 47aq „was oliUmed 
in small slunmg taclmic crystals, less hygroscopic than the former 

Potaasium-salts — ^The neutral salt, 4K“0.12'W0*.Si0* . 20aq., forms small ill- 
defined prismatic crystals holonging to the trimetric system, — The totrujpotassio acid, 
suit, 2K-'0 2H“0 12W0» SiO* . 7aq .likewise crystallises m the trimetric system, and in 
short hard prisms. coP P on . oP, having the angle ooP . ooP 101° O', ceP 
Po» = 131“ O', PoDifoo (basal) — 116° 28', or m friable, nacreous, six-sidcd 
tables, arranged m radiate groups. 

Sodinm-salts. — ^The salt, 2Na*0 2H*0 12WO\SiO* . lOaq , forms large rhom- 

bohedroiis, R — JR, having the terminal angle R’ R = 87° O'. — The neutral salt 
w.is not obUinod in the crystalline form 

Sllloodeoitungstlo aold, ffSiW^O™, = 4H*O.SiO*.10'VVO*, is obtained by 
heating gelatinous silica with acid timgstate of ammonium, precipitating with mercu- 
rous nitrate, or bettor with silver-nitrate, in the cold, and decomposing the precipitate, 
alter thorough washing, with hydrochloric acid, carefully avoiding an excess. On 
evaporating tho filtered solution in a vacuum, at ordinary temperatures, the acid 
lemams as a trauspnrent yrUow glaqs, containing ff Si'W''”0““.3H*0 On exposure to 
the air, it rapidly absorbs water, splits into fragments, and finally dehquescos. With 
alcohol and ether, it behaves like sdicotimgstio aoid The oqueous solution may 
soniotimoa be repeatedly evaporated without alteration, but, in most casos, it easily 
splits up into gelatinous silica and tungstosilicic acid. It does not precipitate the 
salts of calcium, magnesium, lend, or aluminium ; with nitrate of silver, it forms a heavy 
yellowish precipitate, easily soluble in dilute mtno acid , with mercurous nitrate a 
white precipitate, slightly soluble in nitno acid. 

Mostof tho sihcodocitiingstates are difficult to obtain in the pure state, on account of 
their mieat solubility —Tho ammommi-salt vmtaxas (NH'‘)“SiW'"0’'' 811*0 —Tho 
Ji£a4r«/pote6iiw)!-sal<appearstocrystdlli3ewitlil7 at water; tho fiCiclsflW, K''H'SiW'“0™, 
with 8 at. and 10 at water , an ammunio-potassia salt, K^(N]I'l*nSiW‘»16H*0, uas 
likewise obtained — The hannm-salt, Ba'StW’O**, is ohtiuuod, by adding the acid to 
an excess of barium-chlondo solution, as a viscid insoluble precipitate, which, wlieii 
dried in the nir, contains 22 at. water — ^Tlio silver-salt, dried at 100°, contains 
Ag«SiW‘»0»" 3II-0 

TUHGSTTOSO-TUITOSTIC C03CPOUIJBS. Gonipomids iiiterraediiite in 
composition between tiingstous and timgstie compounds, eo,, W^Cl"’ = WOlhWCl", 
WO* = WO*AVO» 

TtmesTOUS COKPOVlirDS. Compounds in which tungsten is quadri- 
equivalont r WCB, WO*, WS* &c. 

TCTJllOIM. A Buhstanco isomeric, and perhaps identic.il, with ceUiiloso, 
(0‘H'*0‘), oceiiiTing mtho miiiitlo of Aseidin, and 8ep.irated therefrom (from the mantle 
of Cyntlua, for example) by successive treatment with water, alcohol, ether, aculs, 
and alkalis. It then remains as a colourless moss, exhibiting the striioture of t!ie 
original suhstnneo (Schmidt, Ann Oh. Pharm liv 818). — Borthelot (Compt 
rend xlvii. 227) boils tho mantles, first with strong hydroohloiio acid, then inth 
potiisb-ley of specific gravity 1 28, and washes tho residue thoroughly with distilled 

Timiein exhibits most of the characteristic properties of cellulose, audits msolubihty 
in various liquids , hut it is more stable, not being altered by nitric, hydrochloric, or 
acetic acid, or strong potash-solution, even after prolonged boiling, neither is it 
blackened by fluoride of boron. In fuming nitric or sulphuric acid, it debquesces to 
a colourless liquid ; and if the hquid obtained with sulphm'io acid he boiled for some 
time with water, the resulting solution will he found to contain glucose, or a similar 

TTTKBETE. Syn. with TunrarrE 

TUBGITB. A name applied by Hermann to a massive variety of brown hiematito, 
210*0* H*0, occurring near flie River Turga,m the Ural , it appears to be identical with 
BreiLbaiipfs liydrolusmatite from Siebenbitz, near Hof, m Bavaria. (Handw. d. Chem, 
Till 1013 j 

trUKIKCAIiIIirE. Syn. with TouBMAiittE (p, 876). 

trUBOIBRIC. Curcuma. Radix Curcumm Terra merda —The root of Amo- 
mum Curcuma, a plant cultivated in India and Java It contains, according to Pelle- 
tier and Vogel, a strong-smelling volatile oil, gum, a yellow colouring-matter (ciircu- 
miii), a brown coloiiriiig-maltcr, starch, cellulose, and a small quantity of calcmiii- 
cliloride It IS used for dyeing wool and silk , hut tho colour, though a fine yellow, 
IS not durable. It is also employ cd in pharmacy for colouring certam ointmenl,',. 
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and (especially in India) as an ingredient of ciu'ry-jiowder and other condiments — 
Aleoliulio Unctnre of tiu'inenc, or paper stained wotU the aqueous or alcoholic solution, 
IS used as a test for alkalis, and for boric acid (i. 689). 

The root of Camia apeciosa, a plant of frequent oeem’ronco in Wo,st Africa, is said to 
bo exactly similar to Bast Indian turmeric-root, in taste, smell, and chemical reactions 
(Dauiell, Pliarm. J Trans xix. 268.) 

'xURWBUHi’S BBITE. Ferrous ferricynuide, prepared by precipitating a ferrous 
salt with fernoyamde of potassium. (See Cyahidiis op Iboh, ii. 2i4 } 

TITBH’BRXTE. Asihcate of alummium, iron (ferricum), calcium, and maguesium, 
occm-ring at Mont Sorel in DauphinA, and at Tavotach, in yellow monoelinio crystals, 
haying an adamantine Instxe and conchoidal fracture Axes a b' o =1 '.0 921696 • 
0 95844. Angle 6 . o = 102° 42' ; oeP +P = 141° 23', +P +Poo = 143° 44’; 
ooP • ooPm = 131° 88'. In the mineral from Tavetsch, the combination <»P . ocPA 
®P2 . «iP« . oP . +Poo . [4P« ] . [^P«) ] . [P« ] . P . 2P2 +.p +p . -iP 

was ohaorved. In that from Dauphin6, the faces — Pco and [2poo] hkewiso occur 
(G. V. Bath, Jahresb 1863, p. 824.) 

TTIRNBR’S YHImIiO'W : also colled Patent YeUm. Oxyehloride of lead, PWCPO’. 
(ill 646). 

XUBIflP. See Bhassica (i. 684). 

XTrRPBirTIHB. Terelenthina Tercbenthim. Terpmfm . — ^This term is ap- 
plied to several oleoresina exuding from coniferous trees , dso to the semifluid resin of 
Fisiacta Tcrebintim, a tree beloiigmg to the torebenthaooous order. To ohtam tho 
tiu'pentine, incisions are made in the bark of tho trees, and the resinous juice, which 
exudes chiefly during the summer, is collected , it is then rondorod more fluid hy 
warming with water, and strained through straw-fillers, to free it from needles, bark, 
and other extraneous substances. 

The seyerol varieties of oommoreial tiu-pontino, ohtamed from fir- and pine-trees, are 
more or less viscid solntions of resins in a voktilo oil, the proportions of theso consti- 
tuents varymg according to tho soureo and age of the tuqieutmo. Some kinds arc 
clear and homogeneous ; others ore more or loss turbid, holding m suspension graniilo- 
crystaDmo masses, which gradually settle to the bottom. 

American turpentine, obtained chiefly from Pinas australis, and German 
turpentine from the Scotch fir {Pinus sylvesiris), axa yellowish, viscid, gmimlur 
liquids, having a, strong aromatic odour, and pungent bitter taste ; they heeome cle.ir 
when warmed, are highly inflammable, and burn with a revy smoky flame Theso 
turpentines consist of volatile oil and colophony (i 1087), and on boding them with 
water, the volatile od goes oflf with the steam, while the rosin remains, intimately 
mixed with small quantities of oil and water, forming a dingy yellow turbid mass, 
called “ boiled turpentine,” which is brittle when cold, but becomes soft and plastic 
when heated. At a stronger heat, the water and the remammg portion of volatile oil 
are given off, and tlio colophony remains as a transp.mont resin, more or less coloured, 
according to tho degree of heat to which it has been exposed. Colophony was formerly 
said to ha a mixture of two isomeric acid resins, pinic and sylvic aeids (iv. 649, 650 , 
V 648) , but tho recent investig.stions of Maly (Ann CL Pluiwii. cxxxii. 249 ; 
Jahresb 1864, p. 408), have shown that it consists mainly of abio tie anhydride, 
which, when treated with aqueous alcohol, talces up water, aud is converted 
into abiotic acid, 

French turpentine (from Pmus TKantiwa) resembles American turpentine in 
appearance, odour, and taste. It hardens with calcined magnesia more readily than 
any other kind of tuipentine 

Strashurg turpen'tine is a clear nou-granular liquid, obtained from tlio silver 
fir (Allies pmUnuta), and from the spmeo-fir {Abies excelsa). Tho tiirpentmo from tho 
former of those trees is mobile, yellow, baa a pleasant odour of lemon, and a shai'p 
bitter taste That from tlie spriice-fir is dark-yellow, has a strong balsamic odour, and 
sweetish aromatic taste Tho resinous portion of both these turpontmos contains 
dbietic acid, togotlier with two ludiflferout rosins, one (ahiotin) soluble in absolute 
alcohol, tho other insoluble. The water with which those turpontinos are distilled to 
get off the volatile oil, is said to contain snccime acid 

Venice turpentine — Tercbentlana mnctia, s. lancina, from tho larch (Laris; 
emopesa ) — IB said to be contained in peculiar sacs m the upper part of the stem, and 
to be obtained by puuetiu’iiig them. It is a ropy liquid, eolourless, or brownish in- 
clming to green, having a somowhiit unpleasant odour, aud hitter taste. According to 



UclonES properly to Bylvre acid, -wliicli is produced 
icld Tlio aeld lormeily desiEuated ns sylvic acid 
sid, and tho sa-called pmte acid as aliietlc anlij- 
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■D'nTei'dorben(Pogg. Ann. ja. 27),iteont«ns, in the fresh state, t-vro mis of different 
degrees of volatility, the less volatile being easily resinised ; also two acid resins, a neu- 
tral resin, and succinic acid. 

Hungarian turpentine, whicli flows from incisions in tlie brandies of Pinus 
Pumilio, IS a clear, yellowish, mobile liquid, having an aromatic taste and odour — . 
Carpathian turpentine, from Pmm Cembra, resemhlos the last, but has a bitter 
taste, — Canadian turpentine, or Canada balsam, from Ahes balaama, has 
been already described under Baubaks (i, 492). 

Cyprian, Syrian, or Ohio turpentine, obtained in Ohio fi’om Pistaexa iore- 
binihiB, and in Syria from F. vera, is either clear and colourless, or, peihaps from 
age, or from want of care in collecting it, viaeid, turbid, and yellowish-green , it has 
an odour of fennel and elemi, and an aromatic taste like tliat of mastic. It dissolves 
completely in ether, and partially in alcohol, leaving a glutinous residue, 

Ordinary turpentine and Venice turpentine ore used in medioino, both externally 
as ingredients of salves and plasters, and internally in the form of tlcctuaries or 
pills , for the last-mentioned purpose, the turpentine is thickened by addition of mag- 
nesia, hoHed turpentine (p 920) is also made into pills. Many kinds of turpen- 
tine are also used for varnishes or similar purposes. 

TtrRPEIXTIHXI, BOZI.ED. Seep. 919. 

XURVXNTINB CAMPHOR. A. term applied sometimes to the solid mono - 
hydroohlorate, sometimes to the sobd hydrates of turpentme-oil (p. 923). 

TXIRPEH'TIPI'B OABIi-irOTS. GedUe pistaein(S. Carobe dejnda, formerly 
designated as IMhottii pietaovtKg. Pea-shaped or horny exoresosnees, occurring 
111 August on the branches of the turpentine-chestnut {Pistacia Terehmth.us), and 
formed by the puncture of an insect (Cephia Pistacus) They are reddish-brown, 
having an aromatic tnrpentine-liko odour, and similar taste. They contain rosin, 
volatiTo oil, tannin, and gallic acid. The ash contains a potassiiun-salt, silica, and 
lime. (Martins, Ann. Oh. Pharm. xsa. 179.— Guxbourt, Pharm. Oento, 1844, 
p. 409.) 

XVRPxm'TrNB, oil. OP. — ^A volatile oil contained in the wood, hark, 

leaves, and other parts of pines, firs, and other trees belonging to the coniferous ordor, 
and separable therefrom by distillation with water. It is usually prepared by dis- 
tilling crude turpentine (p 919), either alone or with water. It was formerly supposed 
that all the volatile oils thus obtained, and haniig a composition represented by the 
formula wore identical in physical and chemical properties , but recent inves- 

tigations, especially those of Bertholot,* have shown that the tiupentine-oils ob- 
tained from aifferent sources exhibit considerable diversities in thoir physical and more 
especially in their optical properties , fiu'ther, that most kinds of turpontino-oil are 
mixtures of two or more isomeric or polymeric hydroc.arbons, differing m physical and 
sometimes also m chemical properties. These modifications are often produced by 
the action of bent and of chemical reagents during the jranfioation of the oil, 

The following varieties of turpentine-oil are distinguished' — 

1 French turpentine-oil, obtained from the French or Bordeaux turpentine 
of Finxis maritima 

2. Englishturpentine-oil, from the turpentine eolleotedm Carolina, and other 
southern states of the American IJnion, from Pmits australis and F Ttsda. 

3. Gorman tnrpentine-oil, chiefly from the turpentine of Pimis syheatns, 
P mgra, and P, rotundaia. 

4. Venetian turpentme-oil, from Vemco turpentine, the produce of Larvs 
europsa 

5. Templin or Pine-cone oil, obtained from the cones of Pinus Purndw, and, 
in some parts of Switzerland, from those of Ahes pectimta. 

Eclated to the true turpenUnB-Qils are also two volatile oils, hkewiso obtained from 
couifei'ous plants — viz , oilof juniper fiomJhjwpfiriw oommums, and oil of aavine 
from Jumperus Sabina. 

The several varieties of turpentine-oil, when purified by repeated rectidoation with 
water, are colourless mobile hqnids, having a peculiar aromatic hut disagreeable 
odour. They ore insoluble in water, slightly soluble in aqueous alcohol, mieoihle m 
nil proportions with absolute alcohol, ether, and carbonio disulphide. They dissolve 
iodine, sulphur, phosphorus, and many organic aubstanoea which are insoluble in 
water, such as fixed oils and resins, and are therefore used for making varnishns 

The diiorsities of character exhibited by turpeutine-oils of different origin, relate 

• Ann Ch. Pharm. Ixxxill. lOBj Ixxxvlll. 34S ; cx 367, Sunni II. S20, further, TlmK dc Chimte 
tooit fefer™ec5 to earlier reseeichea on turpentine-oil, see Gmeliu’e Hand. 
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chiefly to the epeoifio gravity, boiling-point, and optical rotatory power. It must ho 
remomberod, 'however, that the subatances designated as turpentine-oils are often 
mixtures of several substances, so that those properties may vary even in tnrpantine- 
oila of the same origin, according to the inodes of preparation and purification 
adopted. 

The specific gravity of turpentine-oils usually varies from 0'86 to 0-88. Their 
boiling-points are always near 160°. The rotatory power varies considerably; eg . — 


For Enghsh turpentine-oil . 
„ French „ 


+ 18-6° 
-36 4° 


„ Venetian, 

„ Temphn-oil 


-769° 


The rotatory power of turpentine-oil is independent of that of the turpentine from 
which it IS prepared. Thus, for example, English turpentine-oil is dextrorotatory, 
whereas tlia tiirpentina from which it is prepared is Imvorotatory 'Venice tiirpentme 
turns the plane of polarisation to the right, whereas the volatile oil distilled therefrom 
turns it to the left, &o. 

The principal constituents of French and English turpentine-oils have heon more 
particularly examined by Barthelot {loo. oU.). 

French tuxpentine-oil consists mainly of a liydrocaihon, called by Borthelot 
terebentlieno. This substance cannot, however, bo readily obtained from the com- 
mercial oil, in which it is contaminated with numerous products of transformation , hut 
it may he prepared in a state of piiiity, by neutralising French turpentine with an 
alkaline oai'bouate, and distilliiig ih first over the water-bath, and then in a vacuum. 
By this treatment, all transformation of the product by heat, or by reagents, is 
avoided, and a hydrocarbon is obtained of constant physical character. Terehenthene 
thus prepared is a liijmd of specific gravity 0 864, boihng at 161°, and having a 
speoiflo rotatory power = - 42'3°. 

Australene, or Austraterehenthene, the chief constituent of English turpen- 
tino-oils, prepared in like manner from the turpentme of Pmaa misiralts, is also a 
liquid, having the same speenflo gravity and boiling-point as terehenthene, hut a specific 
rotatory power = + 21'6°. 

French turpentine-oil likewise contains an isomeno hydrocarbon, terepentilene, 
boiling below 180°, and another called parterebonthene, polymeric with terebon- 
theue, which boils at about 260°, Enghsh tnrpentine-oil contains, besides australene, 
an isomeric body called austrilene (Berthelot ) 

Decompositions. — 1 Turpentiuo-oil absorbs the oxygen of tho air, becoming thicker, 
and ultimately resmous , at the same time, carbonic, acetic, and formic acids are pro- 
duced. In this gradual oxidation, as in aU alow combustions, part of the atmospheno 
oxygen is converted into ozone . hence turpentine-oil, after prolonged exposm'e to the 
air, always contains oxygen and ozone in solution, together with a continually increas- 
ing quantity of an oxygenated eomponnd. "Wlien turpentine-oil conUimng water is 
exposed for some time to tho sun’s rays, in a large flask filled with o^gen, which is 
renewed from time to time, a hydrated oxide of turpentine-oil, is 

deposited on the sides of the vessel, m stellate groups of long needles, soluble in hot 
water, also in alcohol and in ether (Sobrero, Ann Ch. Pharm. Ixxx. 106.) 

2 Chlorine is absorbed by turpentine-oil, with evolution of heat, sometimes suffi- 
cient to produce inflammation. 'When paper soaked in rectified turpentiue-oil is 
introduced into a vessel filled with chlorine, the turpentine takes fire, and a quantity 
of black smoke is produced, together with white fumes of hydrochloric acid — Biomine 
acts lu a similar manner. — Iodine is dissolved by turpeutine-oil, forming atiflrst a green 
solution, which afterwards becomes hot, and gives off hydnodie acid "When a con- 
siderable quantity of iodine is suddenly brought in contact with turpentine-oil, explo- 
sion frequently ensues. Turpentme-oil distilled with chloride qf lime and water, yields 
chlorofonn 

3. Turpentme-oil is rapidly attacked by mine aeid, the concentrated acid often 
setting it on fire On evaporating the solution to dryness, and then distilling, the 
distillate contains nitrobenzene (Scliiff, Ann. Oh. Pharm. cxiv. 201). If the nitric 
acid solution be precipitated with water, and the separated resin distilled with potash, 
toluidine passes over, together with other products (Chantard, ibid, bcxxviii. 340) 
In both these reactions, therefore, products are formed helonging'to the class of aro- 
matic compounds. When tiirpentine-oil is boiled for some time with moderately strong 
nitric acid, numerous products of decomposition are obtained, the formation of which 
has not yet been explained ; nitrogen, carbonic oxide, carbonic dioxide, and hydro- 
cyanic acid nro evolved as gases, formic, acetic, propionic, and butyric acids distil 
over , and the residue coutams oxalic acid, terohic acid (p. 723), camphretic acid, 
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(described under PYBOoiMPHiiETJO Acid, iv 767), terophtlialic acid, (p. 7231, tere- 
benzie acid (p 723), and terochrysia acid (p 725) 

5 Tiupentinfl-oil boated with lithaige takes up a large quantity of oxygen, yielding 
fornuto and torebontato of lead On washing the procipitato with alcohol, suspending 
It in uater, dcconiposiiig it with siilpliydric acid, oxhansting the remaining solid 
Bubstanco with alcohol, and leaving tho alcoholic solution to evaporate, wliite eiystals 
ara obtained, consisting of terobentic acid, (Woppen, Ann. Oh. Pharm. 

c 253 ) 

0 Tha action of other acids, salts, &c., which comhino directly with turpentino-oil, 
or merely convert it into isomeric or polymono modifications, will he considered 
further on. 

Compoitnda of Tmpentine-oih with Eydiooldono, Sydrobromiie, and Sydnodio Acids 

Hydroohlorates. — The terebenfiienes, subjected to tho aijtiou of hydrochloric 
acid gas, yield a mixtimoof crystaUisahle and hquid monohydrochlorates, 

HCl When they are left for some time in contact with fuming hydrochloric acid, or 
when their ethereal or idcohohe solution is saturated with hydrochloric acid, water 
then added, and the liquid left exposed to the air, a crystalhsahle dihydrochlo- 
riite, G"'H'“.2HC1. is produced, sometimes, also, unstable compounds of sovorul 
hydi'ochlorates are obtained. Tbe dihydrochlorates, aia likewise produced by tho 
action of hydrodilono acid upon tho hyJi’atcs of turpcutiue-oil, and by that of the 
chlorides of phosphorus on terpmJiydrato and torpiii (p. 923). 

Tho monohydrochloratcs are optically active, producing rotation to tho right or left, 
according to the uatiu’o of the toroheutheno from which they have been formed thus for 
the solid inonohych'ochlorato ottorobentheno, [a] = — 32'2°, for tliat of auatralene, 
[aj as +117 — ^Tho diliydroehlorate is optically inactive 

The several v.meties ot turpentino-oil, inasmuch us they consist essentially of tore- 
henthoues, likewise react with hydrochloric acid m the manner just described , indeed, 
most ot the piihlishod stutcnieiits lospccting tho hydrochlorates of txu'poutine-oil ro- 
late to products which have huon propaiod from turpcutina-oila of unknown origin 

Solid Munohydrochloraic, C'"fI'“,IICl — This compound, also called urtifi- 
Dial camphor, was discoverod by Klein, in 1803 It le propaicd by s.itiu'atnig 
loctifled tiitpentuic-oil with hydroculorie acid, keeping the liquid cool, pressing tho 
ci'jstals winch Bcp.urato uftci' some hours, and romystallisiiig thorn from hot alcohol, 
,or precipitatmg the aleohohc solution with water It forms white orvatals or orysUil- 
Inio floiiB . by slow auhhiuation, it may be obtained in tufts of needles or shining 
lanuuw It resembles common camphor in .ippearance and in odour, and sublimes 
easily at ordinary temperatures. It melts at 116°, and boils, ivith partial decomposi- 
tion, at 16 6°. It IS insoluble in water, easily soluble in alcohol f especially at the 
iuiluig heat), and in oil of turpentino. At ordinary tomporatures, it is very stable, not 
giving up its chlorine even to silver-salts , but when heated, it is decomposed by 
water and alcohol (at 100°), though not completely Tho hydrochlorato is likewise 
decomposed when heated with salts, the decomposition sometimes requiring rather a 
high temporatiu'e. The product is always a hyili'ociirbou of the formula viz. 

camphono, inactive camphouo, or eamphilcne (pp 924, 925). 

Liquid Monohydrochlorate, C‘“H'“HGl(BomotimeBcaUedhyJi'ocUlorat6oftero- 
hene). — Produced, toguther with tho solid monohydrachlorato, by tho action of hydro- 
dilorio acid gas on turpentine-oil, tho proportion of Iho liquid hydi'Oohlor.ita being 
gre.itev as tho temperature atwhiebthe reaction takes placo is higher. Topprifyit, tho 
liquid docanted from the solid hydroehlorate is cooled to — 10°, in order to remove tho 
portion of solid hydroehlorate still remaining in solution, then w<irmed for some time 
in tho water-bath, tented with chalk, dissolved iii twice its volume ot alcohol, deoo- 
lorisod with animal charcoal, precipitated with water, and dried over chlorido of 
ciilcnim. It IS a colourless, optically active oil, of spocitie giunty 1 017. It is de- 
composed by heating with salts, or with bases, but tbo hydrocarbon (camphilone, p. 
926), which IS tho direct product of tho decomposition, has not boon further ox.i- 
mined By distillation over quickbrne, it yields the so-called torpdouo (p. 926). 

Ilihydrochlorate,C''’R'°.2'B.Ql . — Prodiieed when turpentine-oil isleft for some time 
in contact with very strong hydrochloric acid iBcrtholot), when terpiu, terpiu-hydrate, 
or terpinol is satmMtcd with hydrochloric acid gas, or treated with tho liimiiig acid 
(Dovillu, Ann. Cli Plurin. Ixxi 361. — List, tiiif. Lexvu 369) , also when terpin or 
ttrpm-liydr.vto IS acted upon hy a iddoridc of phosphorus (Oppenheini, ibid exxix. 
149) When a solution of tiirpeiitmc-oil in alcohol, cthor, or acetic acid is satiu.ited 
witli hydrochloric acid, easily ilccomposihlo compounds of tlio diehlorhydrato witii tlm 
solid or liquid monohydrochlor.itu are produced , and oil adding w.iter, and leaving tlie 
liquid for some time m euutiict wilh the air, cryslals of tho diliydroclilomlc are oblumod. 
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The dihydi'ochloi'ate forma rhombic tablea, insoluble in water, easily Bolnblo m 
boiling alooho?. It is slowly decomposed by boiling with water or alcohol, quickly by 
boiling with alcoholic xiotash-solution, yielding terpinol 

Pydrobromates. — Hydrobromie acid acts ontnrpentine-oilinthe same manner as 
hydroehlonc acid, forming a crystallisable and a liquid monohydrobromato, HBr. 

A orystaUisable dihydrobromato, C“H'“ 2HBr, melting at 42°, is produced by the 
action of phosphoric pentabromido on turpentine-oil. When hydrobromie acid gas is 
passed into a solution of turpoutine-oil in acetic acid, a hquid compound 'of the two 
hydrobromates, + C‘"H'“.2HBr, is formed, when exposed to the air, 

it yields crystals of the dihydrohromate. (Oppenheim, Ann. Oh. Pharm oxidx. 149.) 

Hydrlodatea. — Gaseous hydriodie acid does not appear to form a solid compound 
with turpontine-oil The product, which is liquid and oasily doeomposiblo, appearsto 
bo a mixture of two hydriodatoa, one corresponding with the solid, the other with the 
hquid monohydrochlorate 

Torpin, treated with iodide of phosphorus (PI“ or PI’), yields the easily decomposi- 
hle dthydriodate, G*“1I‘“ 2H1, which crystallises fiom otheroal solution, in colourless 
hexagonal tables melting at 48°. (Opponheim.) 


Hydrates of Tv,ryentine-o%l. 


The terehenthenos imito with water in several proportions, yielding the following 
compounds . 

C'»H'*8H’0 0'''H">.2H’O 20‘»H>»H’0. 

Terpln-hy- Teiplii. Terjentin- I'crpinol, 


peiitino-oiriu’o mixed with 2 vols nitric acid and 1 to G vols. alcohol, and tlioniixtiu-a 
IS frequently shaken during the first few days, then left to itself in shallow vessels for 
several weeks Prouii crj stills are thereby formed, which must he pressed, and then 
recrystalliBod from hoiiiiig water, mth addition of animal charcoal. 

Terpm-hydrato usually crystallises in huge rhombic prisms , it difi.solvos sparingly 
in cold, easily in boiling wator, easily also in alcohol and ether. At 100° it molts, 
giros off its uator of crystallisation, and is converted into torpin Tlio same change 
takes place on exposing the oiystals to air dried over oil of vitriol 

Toiniin, 2H=0, melts at 103°, and solidifies in the crystaUmo state on cool- 
ing. It sublimes at about 160°, in slender needles. It is dissolved with red coloiii by 
stiony sulyhuno aeid, and converted into turpontme-oil Tho same chango takes place 
on boiling tho torpm with dilute acids, heating it to 100° with cMonde of sine, or to 
160° — 180° with eUorUle qf calcium, strontium, or ammonium. Torpin, or terpm- 
liydrate, subjected to the action of gaseous or aqueous hydroehlono acid, or of either 
of the clilorMsofpliQaphorus,-\e converted into the crystallised dihydroclilorate, 

2HC1. Terpin, distiUod with fliosjfliurie anhydi ido, yields terobone and eolophone 
(p 924) when vapour of terpm is passed over soda-lime, heated to 400°, lerohontihe 
acid (p 723) is produced. Heated with actiio or hityne acid, or with heiisovs cUonde, 
It yields toroheiifl and polyterehenos (p 921) When heated with acetic anhydride to 
140°, for not too long a time, it yields a compound containing C"'H‘“.C’H''0’ H’O, re- 

garded by Oppenheun as an acetic ether, O’H’0 10’. This compound boils at 140° 

H 3 


— 160°, under a piessure of 2 centimetres of morciu-y 

Terpinol, 2C‘“H’'H’0. (Wiggers, Ann Cli Phaa-m. Ivii. 247— list, ihid 
ixni. 367 — Opponheim, cxxix. 155 ) — Produced when terpin is boiled or distilled 
with dilute hydrochloric or sulphiu-ic acid ; also when the diliydroehlorato of terebeu- 
tlieiio IS boilod with wator, alcohol, or alcoholic potash It is a eolomless, strongly 
refracting oil, having a yileasant odour of hyacinths, slightly soluble in water, and 
optically inactive Specific gravity = 0 862. It boils at about 168°, but suffers 
partial decomposition at the same time, and in such a manner, that the first portions 
of tho distillate contain loss oxygen than the later portions. It forms with hydro- 
cliloiic acid the crystallisable dihydrochlorate, 21IC1, and may ha lecouvorted 

into terpin by assumption of water 

Torpoutin-liydrato, C'“n'‘'H’0 Liquid Turyentinc-camplior — Tina compound 
is soiriclimos obtained in tho piroparalion of terpin, eitlior togothor with tho latter, or 
fornnng tho only product It is a liquid iiisoliihlo in water , boils, .ipparciitly willioul 
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decomposition, at 200°— 220°, and in presence of water appears to te cijnverted, imdor 
oiionmstaueea not exactly nnderstood, into terpin. It la optically active ; [a] = 
-42-t°. When treated with hydroehlorio acid, it yields the orystallisabla dihydro- 
chlorate, C'“H>®.2H01. (Doville, Ann.Ch. Phitrm.lxxi. 348) * 

Molecular Transformations of TurpenUne-oil. 

I. By heat. — Terebenthene (p. 922) when carefully prepared, may he distilled, and 
even heated considerably above its boiling-point, without alteration; but towards 260°, 
it begins to undergo a change, the boiling-point rising, the rotatory power dmnmshing, 
and the product becoming more easily oxidisable in contact with tlie air ; this alter- 
ation goes on the more rapidly as the temperature is higher. The product consists of 
one leomerio -and several polymeric modifications of terebenthene. 

Tlio isoinorio modification, called toropyrolene, resembles austrapyrolene, but 
has nut been partieularly examined. The chief product is the polymenc modification 
metaterehonthone, G“H“. It is a yellowish viscid liquid, boding at ohout 360°, 
and of specific gravity 0'9 13. It forms, with hydrochloric aci^ the hquid compound 

Aubtralene (p. 921), heated for several hours to 250°, is converted into the isomeric 
body, austrapyrolen e, boiling at 177°, and having a specific gravity of 0-847, and 
specific rotatory power ■= — 11°. It smells like lemon-oil, is more readdy oxidisablo 
than anatralene, andfoims a solid hydrochlorato, 20‘"E“’ 3HC1, which has a spemno 
rotatory power of -14-6°. By continued heating, the polymenc body, motaustra- 
terebonthen6,is produced, very much like metaterebentheno, having a specific gravity 
of 0-91, and boiling at about 360° ; its specific rotatory power is smaller than that of 
australene, and of opposite sign. 

n. By reagents. — ^Many substances possess the power of converting terobentliene 
into isoraerio or pDljunorio modifications. Some act even at onbnary temperatures, 
others only with the aid of heat Many produce the traneformation in a very short 
time , others act slowly, and never produce complete transformation. In some cases 
very small quantities of tho reagent are sufficient to produce complete transformation, 
but frequently large quantities are required. The moat energetic reagent is flimnie 
of bmon. 1 pt of this substance instantly converts 160 _pts terebenthene, with great 
rise of temperature, into polymenc optically inactive modifications, boiling above 300°. 
— Sulphurio aoid likewise acta in tho cold, but leaa energetically, 1 -pt. of this aeid 
converts 4 pts. terebenthene into an isomeric and a polymerio modification, — Weak 
mineral acids (bko boric acKf), and several organic m&s (e g., aceiio, oxalic, tartano, 
and citr'w acids), act upon terebenthene at 100°; but tho action is very slow, and not 
complete, even after 60 or 60 hoiu-s. — Chloride of smo, at 100°, acts in a simdar 
manner. — Fluoride and ohloride of calcium, and oven t\ia chlorides of the alkali-metals, 
act in Idee manner, hut very feebly , the transformation takes place, however, more 
quickly in presence of these substances than under tho influence of heat alone. 

The products of those transformations are the same in hU cases, viz. 

а. Terebene, an isomeric modification. — This substance is best prepared by the 
action of strong sulphuric aoid on tcvaheiitbeno or australene, and may therefore alao 
he obtained from turpentine-oil. The process consists in mixing tho turpentine-oil 
with 55th of Its weight of strong sulphuric acid, leaving the liquid to stand for twenty- 
four hours, then decanting it from the sediment, and istillmg , repeating the process 
tiU the product no longer acts on polarised light ; then washing with water and carbon- 
ate of sodium, drying over chlonde of calcium, and reetifjing 

Terebene is a liquid having the odour of thyme-oil, a speoifle gravity of 0-864, 
bulling at 166°, optically inactive. With hydroehlonc acid, it forms allquid compound, 
20-'»H'®.HC1, and similar compounds with hydrohroraic and hydriodie acids. 

б. A liquid optically inactive hydrocarbon, boiling at 250°, and probably consisting 
of sesquitoreboue, C'*II“ 

•y. Diterebene, Metat erebene, or Colophene, O*’’!!'*.. — Produced, together 
with terebene, in the process above described. It is an oil, having an aromatic odour, 
a blue iridescence, optically inactive, of specifle gravity 0-94, boiling at.310°— 316° 
It absorbs hydrooblorio acid gas, but does not appear to form a deflmte compound with 
it. Chlorine converts it into a resinous mas,?, from winch alcohol extracts a compound 
crystallising in yellow needles, and probably consisting of a suhatitutiou-prodiict, 
C^"H«CP. (See i. 1086.) 

S. Various polyterobenes, (C'“H’*)».— Optically inactive hqiuds, of continually 
increasing -viscidity, and boiling at temperatures between 360° and a low red heat. 

III. By combination with hydrochloric acid or water, and decomposition of 
these eompuiids. 

The Bohd monobydrochlorates of lurpentine-oil, subjected to the action of very weak 
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reagents, yieldi hydroearbons, designated by Berthelot as eamphenos.* The 

three folioTOg are known • — 

1. Tereeamphene. — ^Produced by heating the solid hydroohlorate, prepared from 
French turpontine-oil, to 200° — 220°, for a considerable time, with stearate of potassium 
or dry soap The product, purified by reerystaUisation from alcohol, is solid and 
crystalhsablo, with the aspect of camphor It melts at 46°, and boils at about 160°. 
Specific rotatory power [o] = —66°. It forms o;^ one compound with hydro- 
chloric aoid, namely, a solid monohydrochlorate, 0*'’H‘“.H01, whose specific rotatory 
power is + 32 , that is to say, eipual and opposite to that of the sohd monohydroohlo- 
rnte of terebenthene. 

2 Austraeamphene. — Obtained from English turpentine-oil in the same way as 
tereeamphene is obtained f rom the French oil It resembles tereeamphene m all its 
properties, excepting in its optical rotatory power, which is [o] = + 22°. It forms a 
solid monoliydi'oohlorate, having a specific rotatory power of —6°. 

3. Inactive Camphene. — This is a solid hydrocarbon, produced by treating tur- 
pontine-oil, in the manner above described, with stearate of barium, or better with 
benzoate of sodium it resembles tereeamphene in every particular, excepting m its 
relation to polarised light. It forms a solid monohydrochlorate, which is likewise 
inactive 

Oamphilene, — This name is given by Bortlielot to a hydrocarbon (not yet oxa- 
mined), which is produced by the action of potaBsium-stearute or other weak reagents 
on the liquid monohydrate of terebenthene. 

The same name (also Dadyl) is applied to a hydrocarbon (evidently a product of 
tho transformation of camphene), formed by diatilbng the solid monoliy droclilor.ito of 
turpontine-oil several times over quicklime, or in the state of vapour over lime heated 
to 1 90°— 196°. It 18 a limpid aromatic liquid, of specific gravity 0’87, boiling at 160°, 
and without action on polarised light. According to Laurent, it forms, with ohloriuo, 
the compound O'^H'^OLHCl, whieh, when treated with alcoholic potash, yields ohloro- 
caniphilene, C‘“H“01, and this again unites with chlorine, forming the compound 
OWfluOF.HOl, &o hence it wovdd appear that camphileno reacts with chlorine in 
tho same manner as ethylene. 

Terpilene — ^An inactive hydrocarbon, produced by tho action of weak reagents on 
the sohd dihydrochlorato, C'“H’“.2H01. 

Terebilene is a hydrocarbon obtamed by distilling the liquid monohydroohlorate 
of turpsntine-oil with quicklime or with potassium , also by distiUing the corresponding 
hydriodata with potash. It smells like terebene, and is optically inactive. Specific 
gravity = 0'84S. Boiling-point = 134°, 


Sabatiiution-produois of Turpeniine-otls, 

OUorme forms, with turpentine-oil, a liquid having a camphorous odour, and turn- 
ing the plane of polarisation to the right, oven when it has been prepared fi'om Itevo- 
rotatory tnrpentine-oil. It appears to ha a mixture of tetraelilormatcd turpentine-oil 
and tetraohloroterebene. 

When chlorine is passed over the sohd monohydroohlorate of turpentine-oil, a yellow 
liquid is formed, consisting of 0'"H'*ClhHCl, and easily resolved into hydiroehlowo 
acid and tetrachlormated turpentma-oil, Tho latter is crystalline, melts at 

110°— 116°, and decomposes at a higher temperature. It is optically inactive. 

Terebene also forms substitution-products with chlorine, chiefly tetrachlorotereheue. 

Bfcmmie acts on turpentine-oil and terebene similarly to clilorme, forming chiefly 
tetiabiomiuatcd products. 

The products of the action of chlorine on oamphilene have already been mentioned. 

TTmPEHTinrzi-VAnif ISHES. .Solutions of resins in oil of turpentine. 

XtTRPBTH or TURBITH AXIN-BBAB. An old name for basic mercmuc 
sulphate, HgSO* 2HgO (p 606). Sulphate of tetramerenrammonium, (N''Hg<)SO^. 
2ffO, IS sometimes called arnTtumumal iurpethum. 

TURPBTK or TBTRBITH ROOT. The root of Convolvulus Turpethm, or 
Ipomsa Turpetlmm, a plant indigenous m India and Australia. It has a disagreeable 
sweetish taste, and contains, according to Boutron-Cliarlard (.T.Pharm. mu 131), 
a volatile oil, fat, a yeUow colouring-matter and a drastic ream. This reain constitutes 
about 4 per cent, of the root, and contains about ^th of its weight of a substance 
soluble in ether, the remaining jjths eonsistmg of turpethm. (Spirgatis ) 



926 


TURPETHIC ACID— TYPES. 


TUKPETHIC ACXn. (Spirgatis, J. j)r. Chom ?:cii 97 , Juh- 

iesl3 1S64, p. 501.) — Au acid produced by rtiu action of ba'cs on tiirpcttuu, 
Wlioutiirpollun is dis-iolTod in -warin baryta-ivater, tho b.iryba removed by (lulplumo 
field, tliQ evecss of this acid by load-lij’diuto, tlici latter by sulphydric acid, and the 
filtrate ovapoiatod, turpcthic acid rein, line us an amorphous yellouish mass, easily 
soluble in water, having a strong acid ronelion, and a bitter somewhat sour taste. It 
forme two b.irnim-salts, containing C’'lI''''Bn"0"‘ and C*^II’*I!a’'0’“ It is 

resolved by luiiieral acids into glucose and turpetholic ncid 

xmtPETHIW. (Spirgntis, loc. fflif.)— A purgative resin, isomcno 

witbjabipni .and scainnionm, extracted from the root of Ipoinm Tui -pethumirnd sup ), 
To pvepaie it, the root is exliausted with cold water •, tho dried residue is ticated with 
alccihof, tho alcoholic extract coneentrated by distillation, tho residue mixed with 
water: and tho brown-yellow mass thereby precipitated is repeatedly boded with wiitor, 
then dried and shaken npfour or five times with other, and repeatedly precipitated by 
ether from solution in absolute alcohol 

Tnrpethin thus prepared is a brownish-yellow inodorous rosin, gradually exciting 
a sharp bitterish taste, and strongly irritating the mucous membranes of tlie mouth 
and nose when ptilverisod. It dissolves easily in alcohol, like jal.apin, but is distin- 
guiihed from tliut substance by its insolubility in ether. It molts at about 183°, and 
dissolves slowly in strong sulphurio acid, forming a rod liquid "When treated with 
alkalis, bivtytn-wator for example, it takes up 3 at, water, and is Converted into tur- 
pothic acid. Under the influence of imueral acids, it is rodiasolved into glucose and 
turpetholic acid 

+ 6H»0 = 3C“H'=0" + C'“H«0b 

TtTRPBTHOXIO aoid,C'“H.® 0*, separates, tn flie reaction just described, as a 
yoUowish-whito granular conglomerate ; and after washing with water, and repentod 
crystalheution from dilute alcohol, with addition of animal charcoal, forms a white 
mass, made up of slender jnicroseopio needles It is inodorous, has an inntating taste 
and acid reaction, dissolves easily 111 alcohol, less e.asily in ether, molts at about 88°, and 
decomposes at a stronger heat, like jalapinolic acid (in. 440) giving off a white fume 
which strongly irritates the eyes and nose — Turpetkolute of Sodium, G“H*'NaO*, is 
a white mass, having a silky lustre, and exhibiting, under the microscope, sharply 
defined rhombic pl.itos, with iiugles of about 65° and 126°. — Tho banmi-sidt, 
0>'H"®Ba"0*, IB ammphouo (Spirgatis.) 

TtTBRlTB. Syn. with Euthe. 

TUSStliAGO. The root of Tuasdaqo Pctaaifes, L {Petaaites nuk/aiu, Desf ) con- 
tains, aeoordnig to Bern sob (N Jahrb Pharm. iv 257), avolati'eoil, acrystallisablo 
acid resin, called resinapitic acid, another ream caUod potasite, the alcoholio 
solution of which forms, with mineral acids, an omer.ild-groen liquid, afterwards turn- 
ing blue when hydrochloric acid IS used, — ^besidosgluoose, manmte, luulin, tannin, and 
the ordinary plantoonstituents. 

TUB^TcrotS. A native hydrated alumiaium-phosphate, 2iU^O“ P*0b6H“0, found 
in Porsia, and much valued as a gem, (Sea PaospiiiTES, iv 652 ) 

TTJPB-JVIBTAli, Printers’ typos are made of an alloy of lead and antimony, 
sometimes with addition of sine or bismuth, and of tin for stereotype plates (i 316 , 
ill 632). 

TYPES, CBEKICAE, Bodies analogous in constitution, and exhibiting ana- 
logous reactions, .are said to belong to the same type. Thus hydrochloric acid, HOI, 
or ratlior its multiple «H01, may bo token as the typo of chlorides, which may, m fact, 
lie derived from it by equivalent substitution • e.g. KGl Bii’CP, Sb"'Gl*, Sfi’Cl*, Aa’Cl”, 
&c. In like manner, tho sulphates are derived from the type »H'SO\ the orthophos- 
phates from the typo tiHTO*, metaphosphates from «HPO’, &o In a wider eonse, 
the formula HClmav he taken as the type of chlorides, bromides, iodides, fluorides, and 
cyanides , H^O of oxides, sulphides, solenides, tellundos, oXysalts, sulphur-salts, &o. , 
and ffN of all amraos .iiid amides, and of the corresponding phosphorus, arsenic, and 
antimony compounds. It is imnecesaary to go further into detail on this subject, as 
it has been fully explained in the article GiatsaipiciTiow (i, 1007), and, moreover, the 
system of fonauhition according to types has been adopted throughout this work In 
the present article wo slmll endeavour to give a sketch of the history of tho theories 
of types and substitution 

Gay-Lussac observed that wax, when bleaebed by chlorine, gives up hydrogen, 
and takes up a V'olume of chlorine equal to that of the hydrogen removed Dumas 
observed the same plicnomcnon with oil of turpentine ; and by extending the investi- 
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gation to tlie^action of ehlorino, broraitio, and otlier elemenls on various organic 
substances, bo eonduilod th.it — Wliiii a hody contammg hydrogen is sutgeetcd to the 
dehydrogenising injliicnm ofchloi tiie, bromine, iodine, osrygen, , it takes up, for every 
atom of hydrogen removed, an atom of chlorine, bromine, iodine, or oxygen [0 «= 8]. 

Tho an'nonncoiuent of this empmeal law of substitution gave rise to a Irago number 
of experiments m the same diroetion, espocinlly by Laurent, who first instituted a 
careful comparison between the properties of the substitulion-prodnet and those of 
l.lip primitive compound, and thence conelndod that — When egiavalmt substitution of 
hydrogen by ehlonne or bromine takes place, the eUoiineor hromme takes up the posi- 
tion previously oecupied by the hydrogen, and plays to a certain cadent the same part, so 
that the chlormatcdor bronvmatA pi odnet is analogous in constitution to the body from 
which it has been formed. 

Dumas -was at first opposed to this idea, as to the part which the chlorine plays in 
these substitutions , but afterwards, when a larger number of substitution-products iad 
been obtained (by Laurent, Malaguti, Regnault, and others), and when he himself 
had diseovorod trioWoracetio acid, and shown it to be analogous in all its reactions to 
acetic acid, he not only adopted Laurent’s news, but even went beyond them, extending 
them to substitutions by oxygen, and developing them into tho theory of types, the 
miunprineiples of which ha laid down, lu 1839, as follows’ — 

1. The elements of a compound may, in numerous cases, be replaced, in equivalent 
proportions, by other elements, and by compound bodies which play the part of 
elements. 

2 When tliis substitution takes jilaeo in equal numbers of equivalents, the body in 
which It occurs retains its chemical type, and the elements which have entered 
into it, piny therein tho same part as tho element which has been abstracted. 

The chemical type included bodies containing the same number of atoruB of 
their elements, and resembling one another in their principal eliemical properties — such 
as acetic and tnchloraoetio acids, or chloroform, bromoform, and iodoform. 'When, 
on the other hand, tho chemical character of a body was altered by substitution, the 
number of elementary atoms rem.aining the same, the two bodies were regarded as be- 
longing to the same mechanioal or molecular type ’ e g. marsh-gae, CH* . formic 
acid, CH^O“ ; cliloroform, CHCl* , chloride of wirbon, CC1-* 

The law of substitution is tho expression of facts, which tho typo-tlieory was in- 
tended to explain It was not supposed that tho type was presei’vod because substitu- 
tion took place in equivalent proportions, but the permanence of the typo was regarded 
as a power striving to retain the atoms m tho original order, and thus giving rise to tho 
substitution of one element for another. According to this theory, the properties of .a 
compound depend, in many oases, upon tho relative positions of its atoms, mudi more 
than upon their individual nature 

Those views wore mot with determined opposition by Berzelius and tho other up- 
holders of the elootroohemioal theory Accoraing to that theory, ebcmieal combination 
consists in the union of atoms or molecules m opposite electrical states, and the func- 
tion of any element in a compound depends altogether on its electrical polanty. Such 
a theory is plainly irreconcilable with the idea thata strongly olectronegativebody like 
chlorine can take tho place of a positive element like hydrogen, and discharge suuilar 
functions in tho resulting compound Accordingly, tho advocates of the cloctroohemi- 
cal theory at first denied tho facts upon which the substitution-theory was founded •, 
and afterwards, when these facts had been incontestably established by numerous 
anolyses, sought to explain them in a manner consistent with the principles of the 
electrochemical theory. ‘VYiththis view, Berzelius endeavoured to show thatacetie 
and trichloraeetic acids are differently constituted compounds, acetic acid being an 
oxide of the radicle (7‘iP, whereas trichloracetic consists of oxabc acid “copulated” 
with chloride of carbon , &us 

Acetic acid C'm CP + HO 

Tricbloracetie acid . . . CPCP + C»0“ + .ffO. 


The numerous substitution-products of acetic other, formic ether, &o , discovered by 
Malaguti and Eegnault, were hkewiso formulated by Berzelius in a similar manner : 


Diohlorethylio ether 
Porchlorotnylio ether 
Dichlomcetic ether , 
Dichloroformic ether 


CPff.CP + iO'JH^.CP 
(PCP + 

2U'HCP + (PBP.CP 
•hGiHCP -I- CPH.OP + WH\CP 
(pm CP + (pw^a* 

(PHCP + iCPHOP 

ccp + SCOT 


(PIP. CP 
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But these complicated formute, whicli represented compounds evid^tly analogous 
in jiroportioB, as constituted in entirely difihrent -ways, met with little acceptance, more 
especially os, in order to carry out such modes of representation, it was necessary to 
jiivent a new radicle for almost every organic compound that was discovered j and 
■finally, when Melsens showed that acetic acid can be reproduced ftom trichloracetic 
acid by the action of sodinm-amalgam, the idea that those two bodies were differently 
constituted became altogether untenable. Accordingly, it was then assumed that, as 
trichloracetic acid was oxahe amd copulated with &CP, so acetie acid itself was 
oxalic acid copulated with CPJB*: 

Acetic acid . . + C'0‘ + BO 

TricUoracehc add . C^Cl^ + CPCP + BO; 
and this view -was supposed to he supported by the fact that chlorine took the place of 
hydrogen in the “ copula.’’ Similar formulm were given for mothyldithiomo acid and 
the alhed compounds discovered by Kolba ; 

Triohloromethyldithiouic odd . (PCI" + 8^0^ + BO 

Dichloromethyldithionic acid . C^BCP + + BO; 

and by this fanciful hypothesis of copulss, the fact of substitution was supposed to be 
reconciled -with tlie old theory. It is dear, however, that by this mode of explanation, 
the possibility of chlorine taking the place of hydrogen m a compound, and discharging 
similar functions therein, was substantially adimtted , and thus the mam point of the 
substitution-theory was established. 

In this contest between the old radicle-theory and the substitution-theory, the 
adlieronts of the latter had somewhat ovortooked the good points of the former, resort- 
ing almost exdnsivcly to empirical formulas to represent the relations of compounds. 
As, however, it was found that mere empirical formulas did not always represent 
those relations so clearly as the hypothetical formulm of the radicle-theory, endeavours 
were made to construct formulae which should attain this end without reguiiang the 
use of the numerous hypotheses of the radide-theory This object was greatly pro- 
moted by certain considerations which Gerhardt put forward in 1839, and after- 
wards further developed under the name of “ Theory of Besidues,” He says “ When a 
so-called replacement of an element by a compound body takes place, the process is not, 
a ilircot substitution, but an element of the one body (e^. H) unites with an element 
of the otlier (0), tlie resulting product (HO) separating out, while the remaining 
elements (residues) of the two bodies enter into combination ” These residues are 
evidently identical, in many cases, witli the ladidea of the older theory, and exhibit the 
relations of compounds to one another with thesame clearness, without the necessity of 
assuming the pre-Bxistence of these radicles in the compounds In short, the use of 
them m equations of decomposition sho'ws that a group of elements, or in other 
words a radicle, may be substituted for an element m a compound, without altering 
the type. 

This process of amalgamation of the radicle and type thooiies received a great stimu- 
lus, in tlie years 1849 and 1860, by the discovery of the alcoholic ammonia-bases by 
Wurts and Hofmann, which showed that the hydrogen m ammonia, NH®, maybe 
replaced, partly or even wholly, by an equivalent quantity of theradiclos ethyl, metliyl, 
&c , forming bodies of the same nature as ammoma itaalf. These discoveries, which 
demonstrated, more clearly than any that had gone before, that organic bodies may be 
referred to simple inorgnnio compounds as types, may indeed be regarded as the foun- 
dation-stone of the modem typo-theory 

Another i ory important step in tho same direction was Williamson’s discovery 
of the mixed ethers (1860), and his explanation of the general relations of the 
ctheis aud alcohols, by referring them to the typo of water, ffO (Chem Soo. Qu. 
I. iv. 106, 229y Williamson subsequently extended these views to acids, repre- 
senting aceticaeid, for example, as ‘‘1®° pointed out the possibility of 
replacing the second atom of hydrogen in the water-molecule by an aoid radicle, thei'cby 
forming a compound related to acetic aoid in the same manner as etlier to alcohol 
(Ghem. Soe Q,u. J iv. 350). — This prediction was vorlfied, in 1862, by Gerhardt’s 
discovery of the anhydrides of acetic aoid, benzoic acid, &c Kmm that time chemists 
vied with one another, in referring organic bodies to the simplest types of inorganic 
chemistry, and thus arose the newswhichweie systematisedby Gerhardtin thefoiu'lh 
vohirao of his Ti-ai/i de Ckmae organigue, iv. 660 — 806 (See also Graham’s Eknunts 
of ChsriHstrg, 2nd edition, ii. 619 — 669, and the artide Glassification in this 
liletionary i, 1016.) 
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It ia usual St the present clay to admit four principal types : 

HH Off Nff Off; 

or, more generally (denoting monatomic and polyatomic radicles byEoman numemls) 
I + I n + 21 m + 31 IV + 41; 


and to these, together with the multiple and mixed types, formed by combining two or 
more of them together, nearly all well-defined eomponnds may ha referred. Sometimes, 
however it is oonveiuent to refer eompoimds to types containing radicles of lughev 
atomicity ; for example : 


irype 

ciilorlde. ride. 

V 4 61 ffCP ff pf®)' 

Tungstic Tiuigstlc Sulphuric 

rhlonde. oxide. oxide. 



Tetrelhyl 

chloride. 




Sulphurfo 



VI + 61 


.fHO, 


The union of two or more molecules of the same or dififerent typos, by the substitu- 
tion of a polyatomic element or radielo fox an equivalent number of hydrogen-atoms, 
gives a considerable extension to the power of typical representation ; for example • 
Phojpho. Phoiptiorl 


Type. 

2ffO 

Typo. 

8ffO 

Typa 

2ffN 


""pop (PoVci* 

Suiphnrio Bucc 


TrlcblorliydrJn. 

{C»ff)'"01» 


Citric chloride, 

(O'ffOTCP 


(soTjol (owy'jo. (C^Tjo» 
(pjy'jo. (c|o7"jo. 


(c^rjo- 


Oxomide. 


Succlnamide 

(OffOTU* 


Hyposul- 


Tjpo. 

HCl 


Sulphuric 

chlorby- 


Type 

ffN) 


H* iK 

T}0 




The same compound may, in many eases, ho referred to ddferant types. Thus tri- 
chloride of phosphorus, PCI*, may be derived, eitlier from a triple molecule of hydro- 
chloric acid, 3H0I, by substitution of P’" for ff ; or fiom ammonia, Nff, by substitu- 
tion of P for E, and of Cl* for ff. In the same maimer, the typical molecule, Nff, 
itself may be regarded as three molecules of hydrogen, SBIl, held together by the 
VoL V. 3 0 
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Bubatihition of N'" for H" ; anil the tniieol molecule of water, H’O, also he re- 
garded as WO molecaleB of bydrogen, hold together by the djatomic element, 0. 

It appears, then, that the different types may also he reduced to one, namely hydro- 
gen, -which may therefore he regarded as the representative of the smalledt molecular 
unity, or as the unit of molecule. In other words, all ehomieal compounds may he 
regarded as aggregations of ideal hydrogen-molecules, held together hy the introduction 
of one or more polyatomie elements or radicles. 

“The reduction of the typical mode of representation to this last oonseqneneo, shows 
plainly that the entire system is nothing move than a comp.irison of compounds ivith 
regard to their composition, not a true theory which can teach us anything about their 
actual composition itself. The several typos are, therefore, not classes of compounds 
distinctly separated from one another hy diiferenco of constitution, hut rather movable 
groups, in which compounds mny ho placed together, according to the particular .lualo- 
gios winch It 13 desired to bring to light.” (KekulA.) 

XYPHA. Two species of this -wateivplftnt have been chemically investigated. The 
pollen of T. laUfoha contains, according to Braconnot (Ann. Oh Phys [2], slii. 
919), 3'8 per cent, stearin and olein, 18 3 sugar, 2 0 starch, 26 9 pollenin, 2'5 niague- 
sinm- and potassium-phosphates, together with small quantities of other potassnim- 
salts, and 0-4 silica. 

Tho rootstock of the same plant contains, in the fresh state, according to Lococq 
(I. Chim.m6d slii 91),inDeo6mb6v, 12 5pts. starch to 73 yts. water , but in April, only 
10 5 pts, starch to the same quantity of water. A decoction of the root is said to ho 
iised in Turkey as a remedy for dropsy and for snake-hites. (Landoror ) 

100 pis. of tho entire plant of Typita mgustifoha contain, after drying, 9 68 per 
cent, ash; and the ash contains, in 100 pts, 14-8 K’O, 21'0 CaO, 1-66 MgO, 0'2 Pe-'0“, 

2 5 SO’, 0'6 3i0’, 21 0 00’, 3'9 P’O’, 10 8 KOI, and 16 9 KaOl. (Sohiiljz-T'leeth, 
Pogg. Ann. oxv. 187.) 

XYSITE, See Niobates of yTTiauM (iv. 66). 

XYSOZiiTE, Copper-froth. ’BiarmacomieHte. Owpnferow Calamine. Kxtpa- 
fliriie. Kupferschaum . — basic arsenate of copper, (5u’Ab’0*.20u"H“0’ 7H’0, or 
6Cn"0.A6’O»,9H’0, found native at Palkonstein in tlie Tyrol, and in other locali- 
ties, sometimes in trimetrie crystals, -with the feces oP . coP« . c»P, cleaving 
perfectly parallel to oP; more frequently reniforra, massive , striioture radiate, foha- 
ceons I siufaee drusy. Specific gravity = 3 02 to 3‘098. Hardness = 1 — 2. Lustre, 
pearly on the faee oP, vitreous on tho other faces. Colour apple-green and voidigris- 
groen, inclining to skyblue. Streak a little paler. Traiislnoent to subtranslucent, 
Sracture not observable. Very sextilc. Tlim lanunm fleidhlo. Deoi’epitates strongly 
whan heated , molts before the blo-wpipe to a nouccystalline head, colouring the flam'o 
green, On charcoal it emits moisture quietly, and on long exposure to the hlo-ffpipe- 
flame swells a little from escape of arsenic-vapour. "With soda it forms an imporfeotly 
fluid mass, containing a wliito metaBic nucleus. Dissolves in acids, with evolution of 
carbonic acid. , 

Kohell’s analysis (Pogg Ann. sviii. 263) gave 26'01 par cent. As’O’ 43-88 CuO, 
17 40 water, and 13-66 carbonate of calcium ; or, abstracting the latter, 28-96 por cent. 
As’O’, 60-82 OuO, and 20-22 water, the formula 6Cu’0.As’0’+ 9H*0 requiring 
29-20 Cn’O, 60-28 As’O’, and 20-62 water. 

Copper-froth occurs in the cavities of calamine, calcspor, or quartz, together with 
other ores of copper, in small aggregated and diverging fibrous groups, having apale- 
groon colour and delicate silky luatro. (Dana, ii. 426 , Rammelsborg, p. 378.) 

TYROSIWB. C*H»irO’. (Liebig. [1846], Ann. Gh Pharm.lvii, 127 , M. 269.— 
■Warren Do la Hue, ihi. mv. 36 — ^Bopp, ibid. Ixix. 20. — Hinterberger, ibid. 
Ixii. 72. — Strecker, Md. Isxiii. 70 — Pina, ibid Ixxxii. 261.— Alex Muller, 
J. pr Chem. Ivii. 162— Leyer and Koller, Ann. Ch. Pharm Ixxiiii. 332,— Witt- 
stoin, Jalirosb. 1864, p 660. — Prerichs andStadeler, ibid. 1866, p. 729, 1856, p 
702— B. Hoffmann, Ann. Ch. Pbarm. Ixixvn. 123 — Sbadeler, jW. cii 12, oxv. 
67. — ^Erlonmoyer and Schoffor, Jahresb. 1869, p. 696. — Nenbauor, Ann. Ch 
Pharm. ovi. 72. — ^Frohde, Jahresb. 1860, p. 679. — Sebmeisser, Arch, Pharm. [2], 
c, 14. — Kblliker and H. Muller, Bar. d. pbys. Anat. zn 'Wurzburg, vu. 3. — 
fichmetzer, DiascrtsafioB, Erlangen, 1862, — Gorup-Besnnez, Ann. Ch. 
Phai-in. xoviii. 13, exxv. 381 — Scherer, J. pr Chem. Ixx. 406 — 0. "Wicke, Ann. 
Gh Pharm ci. 314 — E, Schmitt and 0. hfasso, ibid cxxxiii. 211 —L Barth, 
ibid, cxxxvi 110; Bull. Soe Chim 1866, i 307— G. Boyer, Zeitsehr, f. Chem. [2], 
ill. 436; Bull. Soc, Chim. 1867, li. 368.) 

A oryatallme nitrogenous body, produced by tho decomposition of albnmmoidal 
subatanoos under the influence of acids, alkalis, and putrefaction It was disoovorid 
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by Liebig, wl.o obtained it by decomposing casein with melting polash. A. Muller 
found It amongst the pradncts of the putrefhetion of yeast. Leyer and KoDer 
olitjuned it by the action of fused potash on globuhn, feathers, hairs, and hedgehog’s 
prickles, or by treating these bodies with sulphuric acid. Hinterberger prepared it by 
boiling ox-bom with sulphuric acid. Stadoler obtained it in hke manner from 
niusclo-iibrin, vegetable fibrin, fibroin, and animal mncns. Stfidoler has further 
pointed out that the white bodies, resembling poppy-seeds, sometimes observed in 
badly-preserved aleoholio anatomical preparations, also consist of tyrosme; and that 
the bo-caUed eystinoid tubercles, or xanthocystm, found by Chevnllier and Lassaigne 
on a corpse two months old, likewise agreed ip character with this Bnbstance. 

Tyrosine occiu's ready-formed, and always accompanied by lenoine, in the animal 
organism' it has been found m the epleon, and the pancreas; in the liver and in 
the blood of the hepatic veins, in certain states of hver-disease ; in the bile of 
typhous patients ; and m the nrine, sometimes forming crystalline sediments (Proriohs 
and Stfidoler) ; in the cutaneous scales in pellagra (Sohmetzer). It occurs also in 
eoehmeal (De la Eue), probably as a prodnet of decomposition, and m moat of the 
lower forms of animal life. According to Wittstom, it is found in American extract of 

FreparaMon. — From Casein. — Well-pressed cheese, prepared from milk, either foesh 
or curdled, and freed as much as possible from adhering butter, is fused with its own 
weight of potassium-hydrute (or with solution of potash strong enough to crystaUiso 
on cooling) until hydrogen, as well as ammonia, is evolved from the melting mass , 
the mass IS dissolved in hot water, and slightly supersaturated with acetic acid , and 
the filtered liquid is left to cool, whei'oupon needles of tyrosine separate, which are 
purified by rejleated solution m wa,ter containing potassium-caibonate, and precipita- 
tion -with acetic acid (Liebig) To purify it from leucine, when obtained in this 
manner, or according to preparation 6 of leucine (ui. 680), it is recrystallised fiiom 
hot, and then washed -with cold water. It still retains some brown-red matter, to 
ramoTB which the solution in hydrocliloiio acid is treated with animal charcoal, 
decomposed with a quantity of potassium-acetate equivalent to the amount of hydro- 
chloric acid, and rapidly filtered, whereupon the filtrate becomes filled ■with entangled 
needles. A portion of the tjrosine remains dissolved in the acetic acid, but the rest 
IS thereby freed from ash, which adheres obstinately to the tyrosme crystallised from 
neutral solutions. The noodles are washed with cold water, and once more crystalhsed. 
(Bopp.) 

Ftom Hm'n — ^Dilute sulphuric acid (1 pt. oil of vitriol to 4 pts. water) is boiled in 
a copper vessel with hom-shavings (equal to half the weight of the oil of vitriol) for 
about twelve hours, renewing the water as it evaporates. The liquid is then diluted 
■with water, mixed with milk of hme to alkaline reaction, and strained ; the residue 
IS exhausted with hot water ; the liquid evaporated at the hoilmg heat to about 
two-thirds the Volume of the dilute sulpbunc acid, and then neutralised -with 
sulphuric acid; the impure tyrosine, winch separates in twenty-four hours, is col- 
lected; and a'tt additional quantity is obtained by evaporatmg the mothor-hquor, 
together ■with leucine, wbieh must be separated by solution lu cold water. The impure 
tyrosme is next heated with dilute soda-ley , and the tyrosme which separates after 
twelve hours is again collected, and frirther purified by recrystallisation from aqueous 
ammonia Hovn-ahavings treated in this manner yield, on the average, 4 per cent, 
tyrosine and 8 per cent, lencino , flbrom (silk) and animal mucus more than 4 per 
cent, tyrosme (Stddelor). For Erlenmoyer and Schofifer’a doterimnations of the 
quantities of tyrosine and lencino obtained by boiling various animal substances with 
dilute sulphuric acid, see LEUomB (in 679). 

Tyrosme, even after repeated crystallisation from aqueous ammonia, is often con- 
taminated with a small quantity of a sulphurous compound, which adheres obstinately 
to it. To remove this impurity, Stiideler dissolves the tyrosine in -water, mixes the 
warm solution -with a small quantity of basic lead-acetate, and removes the lead fi-om 
the clear filtrate by sulphuretted hydrogen. The concentrated solution then yiolds, 
by evaporation, perfectly pure tyi-otine. 

From Cochineal — Decoction of coebineal is precipitated by neaitral acetate orbasio 
nitrate of load ; tbo liquid is filtered from the carminate of lead, and treated -with 
sulphuretted hydrogen ; and the filtrate is evaporated to a syiup, whereupon a olialk- 
like substance sopaiatos. This is washed with cold water, and several times rocrys- 
tiilliscd from boiling water, ultimately with the aid of animal charcoal. The separated 
crystals, which have a silky lustre, shrink on the filter to a yapor-like mass also 
having a silky lustre. 300 parts of cochineal yield 1 pt. of tyrosme. (De la Eue ) 

Properties , — Tyrosine ciystallises from aqueous solution m stellate groups of long 
slender needles, having a silky lustre, and becoming interlaced and confused in drying 
From ammoniacal solutions, it crystallises in permanent tufts of laiger needles, also 
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having a silky lustre ; and by supersaturating woim dilute hydrochloric acid with 
tyrosme, a crop of crystals is obtained, consisting of rather thick oblong prisms, witli a 
horizontal dome resting on the uarroir sides. 

Tyrosine dissolves in ISO pts of boiling water, in 1900 pts of cold -water (at about 
16°), in about 13,600 pts. of cold 90 per cent, aholtol, not much more freely in boiling 
ulculiol, and is quite insoluble in Mar. Its solubility in alcohol is greatly increased 
by admixture with amorphous extractive matter. 

Tyrosine-solutiona are not precipitated either by neniral or by basic acetate of had, 
blit on addition of ammonia, the basio acetate produces a precipitate consisting of 
tyrosine combined -with lead. A solution of tyrosine is not altered by addition of 
meromm acetate, iinlosB previously mixed with basic acetate of lead ; in which case the 
tyrosine is almost completely precipitated as a moreury-compound, from which it may 
he separated by sulphuretted hydrogen An aqueous solution of tyrosine mixed with 
mereimo nitrate remaina clear ; but on adding a small quantity of soda, a white pre- 
cipitate is formed, containing tyrosine, mercuric oxide, and nitric acid. A moderately 
dilute solution of tyrosme boiled -with mcrcuno nitrate, turns red and deposits a hrowii- 
red precipitate. Very dilute solutions assume a faint rose-colour, and yield a yellow 
or flesh-coloured precipitate (E. Hoffmann, Stadeler). A small quantity of 
tyrosme gently w.irmed -with a few drops of strong svlphum aciif yields, after dilution 
with water and neutralisation with barium-carbonate, a hquid which is coloured 
violet by /eirio chloride, this reaction affords a voiy delicate test for tyrosme. (Pina , 
Stiideler.) 

Tyrosine heated for some time with chlmne, or bromine, is converted into pereliloro- 
qumone, or perbromoquinone , at ordinary temperatures, on the other hand, bromine 
foi-ms dibromotyrosine 'When chlorate of potassium is added to the hydrochloric 
acid solution of tyrosme, a wmo-red coloration is produced ; oily drops separate ; and 
the liquid when disttllod yields chlorinated acetone, leaving a resinous mass, which, 
by the further action of hydrochloric acid and potassium-chlorate, is converted into 
perchloroqumone. 

Tyrosine heated with dilute sulphuric acid and ‘peroande of lead is completely decom- 
posed, carbonic anhydride being slowly evolved, and tho brown liquid, when freed from 
sulphuric acid by means of baniim-carbonate, yielding, on addition of alcohol, a dark- 
coloured precipitate, -while the filtrate on slow evaporation deposits a fe-w small 
crystals. — Atkalme tyrosine-compoiinds docomposo permanganate of potasmm even 
in the cold, forming oxalic acid and a brown substanco (Neubauer). Tyrosme 
distilled with potaseium-chromate and sulphuric acid, yields bitter-almond-oil| hydio- 
cyunio acid, benzoic acid, formic acid, acetic acid, and carbonic acid (Prohde.) 

Tyrosme heated with mtno aeul, yields nitro-substitution-produets. 

Tyrosme is decomposed by heat, omitting an odour of burnt horn , when heated in 
considerable quantity (mixed -ivitb pumice-stone), it yields an oily distillate, smelling 
strongly of phenol (Stadeler). But when very small quantities of it are heated in 
thm glass tubes to about 270°, a white alkaline sublimate, C*H‘'NO, is obtained, very 
slightly soluhle m water, and forming a crysUlhsable hydrochloiate and chloroplati- 
nate This body has the composition ofethyl-oxyphonyliiraine, C®H"(0“H“)lfO, 
and accordingly tyrosme, from which it is formed hy elimination of oarhonio anhy- 
dride, may be regarded as ethyl-amidosalioylio acid 
C'H’NO* = C«H'NO + CO“. 

AmidotnH- Oxyphcnyl- 


C’II«tC’H'‘)NO» 

Elbyi-AmtdoisU- 


C“H<'(0’‘H»)NO 

EtUyl-oxypne- 

nylaiiilue. 


CO*. 


(Schmitt and Nasse, Ann. Ch Bliarm cxxxni 211) On the other hand, accord- 
ing to L Barth {dud cxxxvn. 110), tyrosme, fused -with caustic potash, is resolved 
into paraoxyhenzoic acid, oceticaeid, and ammonia, as shown hy the equation 
(yi[‘'NO» + H*0 + 0 = C’H"0’ + 0*H'0* + NH”; 


and may, nci 


I the ethylio denvativa of amidopariioxyl 

C'H«(NH.a*H“)0*. 


Compounds of Tyroeme — Tyrosine dissolves in adds and in allcalis, forming 
nite compounds. It unites witli acids in two proportions, but is not capable of nev 
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ising thpiri. 2t Ims rather the properties of a, weak add, decoiuposing the carbonates 
of the alkaline earth-metals at the boiling heat, and forming, partly amorphone, partly 
crjbttiUino compounds, ■which have a somewhat strong alkaline reaction. 

Tyrosine dissolves abundantly in amnioma, bnt crystallises out from the solution 
unaltered. With the fixed bases, on the contrary, it easily forms definite compounds. 

The banum-compound, C‘'H''Ba"NO* 2H®0, forms somewhat speimgly soluble pns- 
matio crystals, more soluble in cold than in hot -water. Tho agueoua solution has an 
alkaline loaction, and is precipitated by alcohol — ^There appears to be also a compound 
containing C“H®Ba"NO‘ C‘'H“NO’. — Tho calomm-sdtt, C"H‘'Ca"NO*, prepared by dis- 
solving tyrosine in lime-water, does not crystallise. A solution of tyrosuia boiled 
■with ealenim-e.srbonato, appeara to yield a mixtime of this salt -with tho compound 
G''H®Ca"NO''.C“H>'NO“. — The todztm-sdlt, C"H"Na-NO", is formed by satumtmg di- 
lute sodn-ley with tyrosine. The solution is alkaline, and is not precipitated by alcohol. 

Silvn -salts — On adding a saturated ammoniacal solution of tyrosine, by drops and 
with constant sturing, to a coneenti-ated solution of silver-nitrate, in such quantity that 
tho liquid no longer smells of ammonia, a heavy amorphous preeipitato is formed, 
containing H’O After a certain quantity of the ammoniacal solution has 

been added, no further precipitation takes place , but if tho liquid bo then neutralised 
intli nitric acid, the compound 2C'’H.‘“AgH0'.H’0, separates as a heavy ciystaUine 
powder Both compounds are shghtly soluble in -water, but turn red Stmus-papei 
blue They dissolve easily in nitric ueid and in ammonia, and ore decomposed hy 
boiling ■with water. 

HydrooUoraU of Tyrogint:, 0’H“N0'.HCl, separates in needle-shaped crystals, on 
adding an excess of strong hydrochloric acid to a solution of tyrosine in the same acid. 
Water and dilute alcohol deoomposo it immediately into tyrosine and hydroehlorio 
acid , but absolute alcohol dissolves it without decomposition, forming a solution 
wlueh is not precipitated by platinio chloride , tho salt is msoluhlo in ether. 

Nitrate — Tyrosine, triturated to a paste with water, remains colourless wheu nitric 
acid IS added to ic, not m excess , and the liquid filtered from undissolvod tyrosine, 
yields, by spontaneous evaporation, radiate groups of needles, probably consistmg of 
the salt C‘'H‘>NO’.nNO». 

Tho sulphate, C“H”NO’*HBOS is obtained, by treating tyrosine in excess with 
dilute sulphuric acid, and leaving the filtrate to evaporate, in long slender needles, 
■which are not eoknired by ferric chloride, suffer no loss of weight at 116°, and dis- 
solve o.ibily in "water , tho aqueous solution, however, soon deposits tyrosine. 

No compounds of tyrosine with organic acids have yet been obtained. 


Derivatives of Tyrosine. 

Amldotyrosine, 0«H'^=0= = (G Bayer, BuU. Sec. Ohim. 

1867, 11 . 369 ) — Obtained by reducing nitrotyrosine with tin in presence of dilute 
IiydrooMorio acid The solution, freed from tui by snlphiirettod hydrogen, and quickly 
evaporated (any brown colour that may appear being removed from time to time 
by sulphuretted hydrogen), yields nearly colomdess hydrochlorata of amidotyrosme. 
To obtain the base, the aqiioou.? solution of this salt is mixed with soda, not m excess, 
and evaporated to 100°, till it concretes mto a tindt magma, a resinous matter 
which forms diming tho evaporation being previously removed by filtration Tho 
crystalline magma is then left to cool in a vacuum, and freed by pressure from cliloride 
ot sodium, which remaius in solution 

Amidotyrosme thus prepared is an anhydrous crystalline powder, very_ soluble in 
water, slightly soluble in alcohol, permanent in the air when dry, but easily absorb- 
ing moisture, iii’d then turning brown. Heated above 100°, it decomposes, and yields 
by distillation an ole.sginous liquid, which sohdifiea to a crystolhno mass on cooling. 

Amidotyrosme foms woH-erystallised salts.— Tho hydrocMorate, C“H°‘ir*0* 2HC1. 
ffO, ci'ystallises m long neodles, and sometimes forms a white hygroscopic powder. 
It gives off its w.ater at 120°, without coloration The aqueous solution quickly 
acquires a molot-brown colour. It is more soluble in alcohol ttan the free base The 
solution at the boiling heat quickly reduces sUver-oxido end plalimc ehlorido to the 
metallic state, a resin soluble in ammonia being formed at tho same time — Tho aoid 
siiphate, C®H'^N''0''.2ffSO', separates on coohng in anhydrous nodulos, soiuhlo in 
water, when the hydrochlorato is evaporated over the water-hath with dilute sulphuric 
acid. — ^The neutral sulphate, 0“H‘®N"0" IPSO’, is formed on adding the free base to an 
equivalent qinnitity of the acid salt in concentrated sulutiou, and separates in well- 
defined cryst.ils , it reduces oxide of silver — Sulphaie of zinc and amidotyrosme, 
ZnSO' 2(C"H'’N=0® H-'SO’), is obtained in tho crystalline state from a mixture of tUo 
tivo sulphates. 
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nibromatTraglne) C''H‘®r’N0^2ff 0. (Oorup-Bosane k.)— T be hydi-obromate 
of this base, ptodaeecL by the action of bromino-vapour on excess of tyrosine, splits 
up, -whan boiled witb watar, into hydrobromie acid and dibromotyioamo. The base 
separates from concentrated solutions, in slender white needles; from more dilute 
solutions, after some time,^ in fan-shaped ^oups of large rhomboidal tables, or in thick 
prismatic crystals belonging to the tnchino system The crystals arc, at first, per- 
fectly transparent, but, whon exposed to the air, gradually give off their water of 
crystallieation, and become milkwhite. Bibromotyrosino is more solublo in hot than 
in cold water, sparingly solublo in alcohol, insoluble in other ; has a slightly bitter 
taste, an acid reaction, and gives off the whole of its crystallisation-water at 1 00° At a 
higher temperature it decomposes, giving off an odour like that of phenyl-eompounda 
It dissolves in alkalis, with decomposition, and formation of metallic bromide , and 
when treated with nitric acid, immediately becomes reddish, gives off btoniine, and 
forms a solution, which, on evaporation, ^adnally deposits crystals of diuitroty- 

Dibromotyrosina unites with acids and with bases, forming compounds which may 
ho prepared similarly to those of tyrosine itself — ^She stiver-compound, C’H’Br^Ag’NO’, 
is a white d^staUine precipitate, which turns hrown on exposure to light, is decom- 
posed by boiling with water, also by nitoc acid, which separates bromide of silver, 

Sydrobromafe of Dibtomotyrosim, C'’H"Br’NO“-HBr, crystallises in etelhite groups 
of small nacreous needles, easily solublo in water and in alcohol, but decomposed by 
boiling with water. — The hydrocMorate, C“H“Br’N0*.H01 . IffO, gives off its water of 
crystaUisation at lOO”, and in other respects resembles the bydrobromate.— Tlie 
eiUphaie, (C“E”Br’NO’)= H'SO*. forma interlaced needles, easily soluble iu water end 
in alcohol, 

NitrotyroBlne, C*H’'’(IIO*)hrO*. (Streckor, Ann. Oh. Pharm. Isxih, 70 ) — ^Whou 
tyrosine is suspended in four times its bidk of water, and a quantity of nitrio acid of 
specific gravity 1‘3, equal in volume to the water, is gradually added, the solution becomes 
warm, acquhes a red colour, and, after stundmB for twelve hours m a worm place, 
deposits an abundant crTOtallisatioii of nitrate of nitrotyrosine , and on pressing those 
crystals between paper, dissolving them in water, and adding as much ammonia as can 
be added without reddening, nitrotyrosine is deposited: it may also he separated fiom 
the solutions of its salts by acetate of ammonium 

Nitrotyrosine forms deheate yellow needles, united in warty groups, or in beautiful 
waveUitio orystanine geodes It is slightly soluble in cold, more soluble in hot water, 
insoluble in alcohol and ether, has a sbghtly bitter tasto, reddens litmus, and decom- 
poses with slight detonation when heated above 100°. It dissolves in ammonia, the 
fixed alkabs, and dilute mineral acids, but not in acetic aoid. 

Nitrotyrosine unites with acids and with bases, mtho same manner as tyrosine. — 
The barium-salt, Ba'TC“H‘'(NO’)NO*]*, is a hlood-r^ amorphous mass. — The ailva -salt, 
C'H®Ag’(NO-)NO*, is an orange-yellow precipitate, soon changing to a deep red 
granular powder, somewhat soluble in water; there appears also to be another silver- 
compound containing 0*H«Ag(NO»)NO». 

Hyirocldorate of Nitrotyrosine, 2rC‘B["’(NO’‘)NOM[Cl] H’O, orystallisos in tufts 
of lemon-yellow needles, easily solublo in water and in alcohol. — The nit/ ate, 
0®H'“(NO-)NO’HNO*, forms lemon-yeBow needles, insoluble in ether, easily soluble m 
alcohol, soluble in 6 pts. of water , the solution decomposeB on standing, depositing 
nitrotyrosine — Sulphate of Ntrotyrosine, fiCWfNO-lNO'.ffSO^ forms yellow 
needles or granules. 

Diniirotyrosine, C“H'(NO’=)*NO». (Sthdoler, Jahresb. 1860, p. 670 )— Produced 
by gently heating nitrate of nitrotyrosine with a mixture of equal volumes of water 
and uitrio acid of specific gravity 1-3. On washing the lemon-yellow residue with cold 
water, andrecrystoUisingitfromhoilingwater, the dinitrotyrosme is obtained in golden- 
yellow shining lamin® It is very slightly soluble in cold water, not much more in 
hot water, easily soluble in alcohol, less soluble in ether, has a slight acid taste; 
makes a deep yellow stain; melts at 116°, and decomposes with shght detonation 

Dimtrotyrosine unites easily with metals, forming red and yellow salts, which 
detonate violently when heat^. — The ammomum-saU crystallises from an aqueous 
solution mixed with alcohol and ether, in steUato groups of needles, having a deep 
chrome-red colour with violet reflex. — ^The banum-sali, C“H'Ba"(N0“)2N0^ 2S-'0, 
crystallises in rather thick ruby-coloured prisms, more soluble than the oalcium-salt 
— The cakinm-salt, C”H’’Oa"(NO’)'’ NO’.3H“0, is precipitated in goldSn-yeUowsiz-sided 
tables, on adding ammonia to a solution of dinitrotyrosine mixed with chloride of 
calcium , it is insoluble in alcohol and ether, slightly soluble in water, more readily in 
dilute acetie aeid. — The lead-salt separates, on mixing a solution of dmitrotyiosine 
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with acetate„of lead, in orange-oolonrad flocks, which, if left in the liquid, gradually 
become erystaJhne, and are converted into largo staia, formed of chrome-red hexagonal 
tabloB — ^The magnmwn-salt crystaUiaes in atellate tufts of very dolicato bright-red 
needles. — The eilver-salt is precipitated by ammonia, from a solution of dinitrolyrosine 
mixed with silver-nitrate, in red flocks, which soon become erystaUine. 

Er^throsm.—'ihiB name is given by Studeler to the red colouring-matter, formed 
when tyrosine is dissolved in excess of nitnc acid, or when a solution of tyrosino-nitrato 
is left to evaporate in the ah', and probably also by the action of ozone on tyrosmo 
(Gorup-Besanez). It is a red-brown anbstance, insoluble in the ordinal^ solvouts, 
but easily soluble in alcohol containing sulphuric acid, from which solution it is partly 
precipitated by ammonia, tbe remaining hquid being green liy transmitted, red and 
opaque by reflected bght. Erytbrosin dissolves in file fixed alkalis witb brown-red 
or violet colour, in strong sulpburie acid also with violet colour. Stadelar thinks it 
not improbable that this body may be identical with haematoidin. 

tr'ntOSlNIl-STJl.PHVRIO ACID, (Breriohs and Sthdolor, Jabresb. 1864, 
p. 676 — Stadeler, Ann Cb. Pharm cxvi. 67; Jabresb. 1860, p. 677.) — Tyrosine 
forms, witb sulpburie acid, several acids eoutainmg the radide SO*. — « On beating it 
to 100°, with four or five times its weight of strong sulphuric acid, a monobasic acid, 
C'H‘‘NO*.SO*, IS formed, which, on diluting with water, neutrabsing with carbonate of 
barium, and decomposing tbe filtrate witb sulpburie acid, is partly precipitated, 
together witb the barium-sulphate, as anhydrous ciystalbno acid, and partly separates, 
on evaporating the mother-liquor, as hydrated pulverulent acid, C*H"NO’ S0’.2H*0 

The crystalline acid is very slightly solnble in cold water, dissolves slowlyin hot 
water, and is gradually deposited from this solution, on evaporation, or on addition of 
liydroohlorio or nitric acid, in prisms or tables , it is but very sHghtly soluble in 
alcohol, even at the hoibng heat. — The hydrated acid is a storohliko powder, con- 
taining from 0 8 to 12 per cent, water, and much more soluble in water and alcohol than 
the crystalline acids (12 per cent, water = 2 at.). 

Tyrosme-sulphunc noid has a strong acid reaction, and produces, with a small 
quantity of ferric chloride, a splendid violet eolour — or rose-red in very dilute solutions. 
Its salts, which are mostly very soluble, and bkewise produce tlie violet colour with 
ferric oMorido, are amorphous, and not precipitoble by nitrate of sdvor or neutral 
acetate of lea^ but yield a precipitate with' the basic acetate. — ^The amnuminm-salt, 
C“H‘“(NH*)N0®.S0*.H*0, gives off water and ammonia when heated, and then 
becomes acid. — The banum-galt, C'H"’Ba"irO®.SO“.2H*0, and the ealciimi-galt, 
0®H"’Ca"N0'‘.S0*.2^H*0, have an alkaline reaction, and disagreeable saline bitter 
taste. 

j8 Wben tyrosine and snlphmie acid are heated in tbe proportions above men- 
tioned, but more strongly and for a longer tamo, an acid is formed, the banum-salt of 
whieh has the same composition as the above, but a neutral reaction and sweet taste. 

y. By strongly beating tyrosine with 8 to 12 pts. sulpliurio aoid, dibasic acids 
are produced, the barium-salts of wbicb still yield tbe violet colour with feme 
chloride, but differ in composition and in their other properties from those above de- 
scribed. One of these barnun-salts, crystallised in nodules, was tasteless, had an 
alkaline reaction, dissolved slightly in cold, more freely in hot water, and was found 
to consist of C”H»Ba"NO«.SO’ SH'D. 

5. The action of sulphuric acid on tyrosine at high temperatures appears also to 
yield other acids, roaulhng from more advanced decomposition . they all give the violet 
colour with ferric chloride, but have not boon ftirtbor examined. (Stddelor.) 


u 

VZOITE. A mineral from Big, in tbe Me of Skye, containing 62'40 per cent, 
sibea, 17'98 alumina, 9 97 bme, 0 36 magnesia, 0 OS potash, 1'40 soda, and 17'83 
water It has a white to light-yellow colour, nacreous lustre, hardness •= 6’6, and 
specific gravity = 2-284. Before the blowpipe it melts quietly and easily to an opaque 
enamel. (Heddlo, N. Jahrb. f. Mineral. 1868, p. 823.) 

inEXITB. Syn. with Bonocai.oi'ra (i. 643) 

iriiXiICO, Attempts have been made in Holland to cultivate the root of VUieo 
tuberoms on the largo scale as a subatitnto for tbe potato. 100 pts. of (be fresh root 
contain 87'9 pts. water, 10'96 organic matter, and 1-16 ash 100 pts. of tbe dry sub- 
stance contain 3'1 pts fat (mostly crystaBisable), 29 4 fruit-sugar (witb extractive 
matter and a little ream), 4'0 gum, 83'3 etarob, 11 9 solid albumin, 18 3 cellulose, and 
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other insoluble substances. The <Jjy root contains 2'6 per cent, mtrogcm, equiralont 
to 17 poc cent albuminous substance. The ash contains Umo, fartic oxide, soda, snl- 
phuriu aeid, phosphoric acid in large quantity, chlorine, and carbonic acids, together 
ivitli small quantities of magnesia, potash, and silica. (Mulder and Sobablie, 
Pliarm. Centr. 18S1, p 269.) 

'OXiXiKAK’XTB. Antimonial or Bntmonio-arsenical nickel-glanee, ^.^(SbjAs)’ 
(it. 43). 

VXtVI&.'BXC AOXn, Bachncr’s name for spirteic or sclicylous acid, obtained from 
Spirma vlmana. 

TTBIMCIC ACID, nvntlir. Soc the next article. 

DXiWtODS or BVMOirs SUBBTANCES, These names are g^yen to various 
brown or black substances, occurring in vegetable mould, peat, stable-manure, dung- 
water, and certain mineral waters, and resulting ftom liie putrefaction of vegetable 
or animal substances in contact with air and water. Similar substances are prodnced 
by the action of acids and alkalis on cellulose, starch, sugar, fibrin, albnimn, &c. , but 
the composition of these products appears to vary according to the circumstaacos under 
which they ora formed, and the nature of the reagents used in preparmg them. 

"When sugar is boiled for some time with dilute hydrochloric, nitno, or sulphurio 
acid, black or brown scales are deposited, which, after being washed with water, dis- 
solve partially in aminouia, leaving a black insoluble substance called ulmin; and 
the ammoniaoal solution, when neutralised with an acid, deposits brown or black gelati- 
nous flocks of ulroic acid, soluble in pure water, but insoluble in water containing free 
acid or sulphate of potassium. Ulmio acid and ulmin have the same composition, 
Qn;gi80®, according to Stem (Ann Oh. Pharm. xxx 84), differing from that of sugar 
only by the elements of water. Ulmio acid is converted into ulmin by prolonged 
dosiocatian, and mote quickly by boiling with strong hydrochloric acid. 

When vegetable mould, or mouldered wood from the trunk of a decaying tree, is 
digested in a weak solution of potash or soda, a brown liquid is formed, which, on 
addition of an acid, yields a blackish-hrown precipitate, easily soluble in alkalis, and 
always retaining a considerable proportion of nitrogen. Mulder (Ann. Gh. Pharm. 
sxxvt. 24S) regards this precipitate as a mixture of three substances, which are com- 
pounds of water, or of water and ammonia, with three different acids, viz. — geio acid, 
humic .loid, and ulmio acid, C“H”0". These foimulse are 

very doubtful, hut the substances in question are obviously the product of vegetable 
matter in a state of decay more or loss advanced They are very much hko the above- 
mentioned products of the decomposition of sugar. 

The name " ulmic acid,” or Mmin,” was given by Klaproth to a gummy substance 
contained in the black alksJino excrescences on the etoms of unhealthy trees, especially 
of elms. 

Ulmin is also the name of a brown pigment, produced by the action of strong acids 
or alkalis on various organic bodies, especially by heating treacle or alcohol with 
strong sulphuric acid, thoroughly washing the residue with water, then triturating it 
with gum, and drying the mixture. A similar colour is obtained by boiling alcohol with 
solid caustic potash, washing the product with hydrochloric acid, and then with water. 

Por details respecling the various ohsorvations which have been mode upon nlmons 
or humous substances, see Sandboof:, xvii. 4S8. 

dXiUXUB. The hark of the common elm, Ulinm campMtm, contains tannin, resin, 
mucus, and inorganic salts; the mucus, according to Braconnot, is very much like that 
of linseed. Tho tek of old elms often exudes gummy or mouldy substances, containing 
vegoUble mucus, together with tho carbonates of potassium, calcium, and magnesium. 
Klaproth’s nlmin was a substance of this kind. Tho leaves of tho elm are said to 
conbiin a bitter principle and a yellow colonrmg-matter, and (according to K oiler- 
man) the flowers, at the timewhen the buds turn red, contain a red and a green colour- 
ing-matter. 

The composition of the ash of the hark and wood is as follows . — 

K20 NanO. CaO. MgO, Fo'"FO<. SOb SiO>. 

, Burk 2-2 10-1 72-7 8-2 1-2 1-2 0'6 8'8 100 

Wood 21 9 13-7 47 8 7-7 1'7 2 8 1'3 3-1 = 100 

VDTBH-lXE. A rock occurring in theUlten Valley in the iPyrol, consisting of a 
crystalline, flne-grainod, slaty mixture of garnet with distlieno and a small quantity 


TtDTBAAIAllIN'B. (hhtieimr^ — ^The fine blue pigment knoivn by tins name 
consists essentially of silica, alumina, soda, and sulphur, and is regarded as a sodio- 



ULTRAMARINE. 937 

tiluwimc Bilioatfl, united either with polysulphide of Bodium. alone, or with a poly- 
Biilphide and a polytluouate of sodium. 

Ultramai'ine occurs natire in aoToriil minerals, to winch it imparts its blue colour, 
and the charaeturiatio property of giTmg off sulphydnc add and yielding a jelly of 
silica, when treated with hydrochloric acid, such are nosean, bauyne, ittnente, and 
especidlly 1 a p 1 3 - 1 a z u 1 1 , which oeenrs intergrown with limestone, and mixed with iron- 
pyrites, m Siberia, Thibet, China, and on the Cordillera of OvaJlo in South America. 
From this mineral, idtramarine was formerly obtained by gently calcining the atone, 
broken into fragments of about the size of hazelnuts, quenching the heated fragments 
m vinegar, by which they were rendered more friable and were deprived of adhering 
carbonate of calcium .—then pulverising them , levigating the powdor for a long time 
with a thin syrup of honey and dragon’s-blood ; mixing it to a paste with a resinous 
cement composed of colophony, white pitch, yellow wax, and Imseed-ml , then leaving 
it at rest for some days, and extracting the ultramarine from it by suspensiou in 
water, and decantation. By this jirotracted mechanical treatment, the ultramarine was 
obuined in the form of a very fine soft powder, of various shades of blue, the portions 
first deposited being the darkest, and the last constituting a pale-blue powder called 
ultramariue ash (ccjk?) es d'ouireaier). 

This process being very tedious, and the lapis-lazuli being a rare mineral, obtainable 
only from remote and difBeultly accessible localities, natural ultriunarme was neces- 
sarily a very costly article ; and of late years, it has been entirely superseded by 
artificial ultramarine, which can he made equal, or even superior, to tlie natural 
product in colour aud lustre, and at a price low enough to admit of its extensive use 
as a pigment, 

The idea of preparing ultramarine artifici.illy was suggested by the discovery of 
blue masses, more or less resembling it, on taking down soda-fumncea and limelains, 
Tesaaert, in 1814, found a blue mass of tins kind in a aoda-fumace at St, Gobain, and 
gave it to Vauqnelin for analysis, who pronounced it to bo lapis-lazuli (Ann. Chun. 
Ixxxix 88). Kuhlmann found on the hearth of a salt-cake furnace, similar blue masses 
surrounded with very small brown-red mystels of sodiura-aulpliide (Dumas’ 7}ait( de 
Chinas nmilijiiie, 11 . 419 ) Asimilar observation was made by Hermann inSdionolack 
These observations induced the Boc^te d! Encouragement at Pans, in 1824, to offer a 
prize of 6,‘000 francs for tlie discovery of a mode of preparing ultramarine artificuilly , 
aud this prize was awarded to Guimot, of Toulouse, in 1828, A mode of obtaining 
ai'tifioial ultramarine had, however, been promonsly discovered by 0 hr i s 1 1 an Gm el i ii, 
and published by him at the beginning of the year 1828 CWurtembcrg Haturw. 
Abhandl. ii. 191). Guimet's process was first applied on the manufoetuimg scale, but 
It was kept secret Gmebu’s process is as follows ■ — 

Soda-ley saturated with precipitated sihea, is mixed with ulumimum-hydrate (con- 
taining 20 per cent, water, and obtained by precipitation fiiom alum not containing 
iron), in such proportion that the mixture sbaU contain 31 pts dry silica to 28 pta di'y 
alumina , the liquid is then evaporated to dryness, and the pulverised residue is mixed 
with fioweta of sulphur. In the next place, the same quantity of a mixture of dry 
sodium-sulphate and flowers of sulphiu-, in equal parts, is weighed out; the whole 
carefully mixed and stamped into a crucible, so as to fill it completely , the crucible, 
tiglitly closed, is quickly heated to redness, so that tho sulphur may not volatiliso 
befera the sulphido of sodium can bo formed , and the mass is kept at a red heat for 
two hours. The crucible is then left to cool with the cover on, and the greenish-yellow 
product {green uitramanne) is gently heated in porous crucibles, m which narrow 
channels have been bored to increase the draught. The blue mass thus obtained is 
finely pulverised, levigated, and washed 

Gmelin's piocess mcludes all the conditions essential to the preparation of a good 
uitramanne ; aU the more recent processes, indeed, differ from it, dnefly, in using clay 
iiibtead of the artificially prepared mixtuioof silica and alumina. At the present day, 
manufacturers of ultramarine use mixtures of kaolm with Glauher-balt and charcoal, 
or with carbonate of soda and sulphur, or carbonate of soda and Glauber-salt together. 
The mixture is igmted in closed crucibles or boxes of fireclay ; and the green ultra- 
marine thus obtained is ground m a miU, and then roasted, with addition of sulphur, 
to convert it into blue ultiamarine. Gentelo (Dingl. pol. J. cxh. 116; exlu. 300) 
gives the three following mixtures • 


Kaolin, anhydrous 100 100 100 

Calcined Glauber-salt . . . 83 to 100 . . 41 

Carbonate of soda 100 41 

Charcoal 17 12 17 

Sulphur ....... .. 60 13 


Tho colouring-matter of ultramaime has been made the subject of investigation by 
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many cllomistB, but considerable doubt still exists as to its true nature. «> According to 
tbe expormenta of Wilkaus (Ann. Cli. Pharm xcix 21), who baa made careful 
analyses of a variety of samples of artificial ultramarine, bntli feoni bis own manu- 
factory and from other sources, ultramarine is composed of two portions, one of 
which — regarded by him as the essential conatituout — ^is coustiiiit in composition, and 
is attacked with facility by hydrocblorio acid, evolving sidphurettod hydrogen ; while 
the' other portion, not soluble m hydrochloric acid, confcuns a variable amount of 
sand, iclay, oxido of iron, and sulphuric acid 'Wilkens’s analyses of the pure blue pig- 
ment eoiTospoud nourlywith tbe formula (2Al=0’.3Si0’).(Al'0MSi0’).l?a^S’0°.3lIa'^ 
Calculation. Analyses 

Silica 

Aluminium 

Sulphur . 

Soda (Na»0) 

Numerous other analyses are given in the SandwoHerhuch def Cheime (ix. 19) 

Wilkons regards the blue colonring-prineiple as a compound of hyposulphite and 
sulphide of sodium. He states that the presonee of iron is not essential to the pro- 
duction of the colour, but about this there is still some doubt According to Brniiner, 
a cori'e.spouding compound, in which potassium-sulpbido is substituted for sodium- 
Bidphide, is colourless 

Ulttamanne heated in the air, gradually assumes a dull green hue ; it is not changed 
by heating with snlphur, but when melted with borax, gives off sulphur and sulphurous 
acid, and loaves a colourless glass Sulphuric, mtrie, and bydroohlorifc acids decom- 
pose it, (juickly destroying tho colow. Ohlonno acts still more rapidly, dissolving 
everything but the silica, and completely discharging the colour. 

Uitramarino is extensively used, not only as an artist's colour, but also for papor- 
staining and other forms of lioiise-docor.ition, as well as in dyeing and oahco-prmtjng 
In G-erraany, which is the chief seat of the nltramarine manufacture, there are about 
twenty factories, each producing annually about 1000 tons of tho colour. The manu- 
facture is also catiied on in Trance and in Belgium, and to a smaller extent in England. 

tr&VA. The alga called Ulva or Utmlarea gdatinuta, consists, according to 
Braoounot, of green globules and a eolonrless jolly ; tho latter is insoluble in water, at 
first, but dissolves on prolonged immersion. Tho solution resembles gum-water, but 
when treated with nitric acid, yields oxalic instead of mucio acid, 
vniasiXiHO acid. This name was given by Porsoz to a product of tbe oxida- 
tion of tbe volatile oil of anise, star-anise, and fennel with ehromio acid. Hompel has, 
however, shown that the acid thus obtained is identical with anisic acid. 

xnviBEXiIiZrEBOIl'SS. 0‘H*0®. (Sommer and Zwenger, Ann. Ch. Pharm. 
cxv 16.— Mossmor, liicf cxii. 260 .) — A neutral body, isomeric or polymeric with 
quinone, to which, however, it exhibits no further resemblance. It is obtained by the 
dry distillation of various resins, chiefly of those derived from umbelliferous plants • 
thus enidagalbanum yields, by dry distillation, 0 83 percent umbelliferone, tegapenum, 
0-32 per cent. ; Asajeeiida, 0'28 por cent. It is likewise obtained from opoponox, tho 
rosins of swnbul-root, angobea-root, Radix feittstm, S. melt, and E. imperatonts Gum- 
ammoniac does not yield it, but it may be obtained from tho aleohoho extract of tbe 
bark of the mezereou or spurge-laurel [Daphne meaereum), a plant not belonging to 
tlie umbelliferous order. 

Umbellifevono may be prepared feom galbamim; — ^most advantageously, according 1o 
Mossmer, from tho resiu purified by boiling crude galbanum with water, dissolving tho 
resinous residue in milk of Ume, and precipitating die filtered solution with hydro- 
chloric acid. By distilling this purified resin with water, an oily distillate is obtained, 
which, on standing, deposits crystals of umbeUiferono, to be purified by recrystaUisa- 
tion The distillate obtmued from the aloobobc extract of mozoi eon-bark, contains 
daphnetiu as well as umbeUiferono. To separate the former, tho solution of tho puri- 
fied crystals is mixed with acetate of lead, which throws down a compound of daphnotin 
witli lead-oxide, while pure mnheUiferone remains in solution, .and crystallises on eva- 
poration. UmbeUiferono is likewise formed when a concentrated alcoholic solution of 
pui'O galbannm-resin, saturated with hydrochlone acid gas, is heated for some time to 
100 °. 

Umbeiliferone forma colourless ihombio prisms, having a faint silky lustre , it is 
tasteless, inodorous in the cold, dissolves slightly m cold water, and so abimdantly m 
boiling water, tliat a solution, saturated while hot, coagulates, on cooling, to a crystal- 
hue pulp, fotiuing, when dry, a coherent interlaced mass. UmbeUiferone dissolves also 
in alcohol, other, and chloroform The aqueous solution is colourless by transmitted 


37-6 40'26 39 39 46-19 

27 4 26 62 26-40 26-85 

1-1-2 13 42 12 69 1 3-27 

20-0 19 89 21-62 20-60 



light, but exhibits, by reflected light, a eplendid blue colour, which is deepened by 
addition of alkalis, but -weakened or destroyed by acids. 

UmboUifei'one, -when warmed (also its aqueous solution -when boiled), omits an 
odour like that of eoumarm. It melts, at 2iQ°, to a yellowish liquid, which sphdiflos 
in the crystalhne form on eoohng ; it sublimes below its melting-point, and rolatihscs 
Without residua. 

Umbelhforone does not appear to unite either -with acids or with bases, and is not 
precipitated from its solutions by any salt except basic acetate of load ; the white 
precipitate thereby produced is decomposed by washing. TJmbelliferone dissolves in 
most acids with aid of heat, not being decomposed even by strong sulphuric acid. Nitric 
acid converts it into oxabo acid. It reduces gold- and silver-salts, but does not appear 
to reduce an alkaline cupric solution. 

SHrom-wmbdlTferone, 0“H“Br’O*, is produced by treating an alcoholic solution of 
umbolbffirone with bromine, and separates in flocks, which may be purified by waabing 
with water, then with dilute alcobm, and recrystallisation from alcohol. It is white 
and insoluble in water ; its aloobobo solution exhibits a superficial bgUt-green irides- 
eonce. (Mdssmer.) . 

Dry umbolliferone is scarcely attacked by oMorme-, but the aqueous solution, when 
treated with cblorme, is quickly decomposed, deposiUug a small quantity of a cbocolatu- 
colouced powder. 

vniBEB. Umbra. Terre firm de Turqmo umber. Argile oehrmee brme.—A. 
pigment, oonaistmg of an argillaceous brown luematito, ossontially SFe'O’.SiObffO, 
with alumina and manganic omdo, according to the analyses of Klaproth and v. Mc-rz. 
it was originally obtained from Umbra, m the Papal States, but is now imported chiefly 
from Cyprus. It foms ohestnut-broim to livor-browu amorphous masses, having a 
hardness of 1'6 to 2'6, and a speofie gravity of 2 2. It feels meagre, adheres to the 
lips, and gives the reaction of iron. It dissolves partially in cold liydrochlorio acid, 
and to a greater extent in hot hydrochloric acid, with evolution of chlorine When 
heated it gives off water, turns dork-bro-wu, and then constitutes the pigment called 
raw umber , by stronger heating, it is completely dehydrated, becoming rod-bro-wn 
and softer, and then constitutes burnt umber. It is used both as an oil- and water- 
colour, frequently mixed with other colours. 

Cologne umber. Cologne-earth, or Cologne-brown is an earthy lignite, 
sometimes used as a pigment instead of real umber. 

VNrOHWABXTE. A hydrated iron-silicate, allied to nontromto, occurring in 
Hungary, at Haar near Passau in Bavaria, and on the Meonser Steinberg, near Gottin- 
gen, in amorphous, yellowish-green to pistacbio-green, opaquo masses, imbedded in 
or mixed with opal Its composition has not been exactly determined, inasmuch as the 
quantitative relations of the silica and water are rendered very variable by the admix- 
ture of opal. Yon Hauer (Wien. Akad. Bor. xii. 101) obtained, as a mean of ten 
analyses, 67'76 per oenj;. siliea, 20 80 ferrous oxide, 1'77 lime, and 19 78 water. 
Ohlotopal (i. 921) is merely opal coloured -with unghwanto. 

TTN'ZO. The blood of Unioprctonm is a mobile, alkaline, sbghtly bluish liquid, 
which, after separation from the body of the mussel, deposits yellow flbrmous flocks, 
while the remaining liqrad becomes turbid on boiling, but not whan mixed with acetic 
or nitric acid. (Witting, J pr. Chem. Ixxm. 121 ) 

VN'XOII'ITE. This name appears to have been given to two distmet minerals, 
ns. ohgoelase and zoisite, both oecumng at Unionvillo m Pennsylvania. 

■UWlTjaRY THEOBT. Systhne wwitflirs.— This term was apphod by Gorhsrdt 
to the system of Chemistry in which the molecules of ah. bodies are compared, as to 
their magnitude, -with one unit molecule — water, for example, — and all chemical re- 
actions are, as far as possible, reduced to one typical form of reaction, namely double 
decomposition. This system has been fully illustrated throughout the present work, 
and therefore need not here he considered in further detail. (See Atomo Wbights, 
i. 467 — 473 , CmancAx Apfinitt, i. 866—868, Cuassiiioation, i 1016 — 1022, 
PosMULH!, 11. 696 ; Gases, Combinatioh op,bv Volumb, ii. 809 , Mobbculb, hi. 1027 , 
Types, V 926 ; also Gerliardt, Introdiiotwn d V Hnde de la Glmaie •gar le iysthm 
umtaire, 1848 ; and further Trmti de Cliimto organigm, iv. 663, et seg.) 

VP AS is the Malay term for arrow-poison, ospecially for that obtained from plants 
(for -which also, m Celebes and Borneo, the name ipo is used). Geueridly speaking, 
however, the term “upas" is apphod to two particular arrow-poisons used m the East 
indies — namely. Upas Antyar, and T/bos Eadja, or Upas Timii. 

Upas Antjar is prepared from «ie milky pice of Antmna toxicana, the poison- 
tree of Macassar. The juice, dried at 100°, contains from 3 6 to 3 7 por cent antiurin 
(i 3 10), a compound which kiUs rabbits inoculated ndth ^ grain of it, or even loss. Eor 
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tliB prpparaUoa of tho ariw-poi60ii,thpjxiioc m mixed with ground poppdr, onion-juice, 
zermnhct, parts of a species of arum called nja7npoo, dragon’s-blood, and other sub- 
slanoes The mixturo is not boiled, but slowly inspissated to a red-brown reamons 
muss, which is left to dry in the sun It resembles opium when dry, and forme a 
brown emulsion with water. According to Mulder, it contiians, besides antiarin, a 
non-poisonous resiu, gum, sugar, and inorganic salts ’When injected into die cir- 
culation, ^ grain of it is fatal to rabbits, i groin to dogs, and from 4 to 6 grains to 
larger animals, such as buffiilocs. It likewise kills when taken into the stomach, but 
in that case larger doses appear to bo required. 

Upas Badjn, orUiias Tieutd, also called Upas Tjottik, and in the remoter 
parts of Indio, Snng-si g (dagger-poison), is prepared from tho yotmger roots, and the 
bark of the older roots of Slrtie/mos 'Cu ute, a shrub growing in the forests of Java, by 
boding for an hour with addition of vonons less essential ingredients It is browmsb- 
blaek when fresh, resembles opium nhon dry, has a bitter taste, is for the moat part 
s'ldiible in alcohol, and, according to PoUotier and Oavoiitou, contains as its active 
(‘onstituonts, strychnine and brucine. According to Horsfield and Mayer, it 
acts in tile same manner as the fresh extrUct of Stryuhnos T^eute, It is regarded m 
India as the strongest and most dangwons of arrow-poisons, 

Tho bulbs of certain amarylUdaceous plants, C/imm asiatiourn and Or, mohocamm, 
which exert an emetic and dsiphoretic action, are used lu tho East as remedies in oases of 
wounding by poisoned arrows. 
tiJka.COTTISS. Syn. with URAKruii-Btoost. 

ttraIiXTE. a psendoinorph of hornblende, after augito, from tho Ural, 
WRAXlTB-VOllPKyRV. An apbanite-porphyiy occurring in tho Ural, containing 
uralito, and sometimes also crystals of lahradorite, 

URAIiOBTHITE. Orthite from tho neighbourhood of lake Ilmen, neai- Miask, 
m the Ural, formerly mistaken for tseheffkmite. 

XTRAMIXi. Syn witli Diaitoiamidb (ii. 315). 

VRAKXIiIC Acts. Duiluraniie Aoid (Laurent), (Liebig and Wohler, 
Ann, Ch Pharm xxvi 314. — Gregory, Phil. Mag xxiv 187.) — Obtained by boiling 
a solution of dialuRimide in cold siuphnno acid with water, or by evaporating a solu- 
tion of thionur.ite of ammonium with a moderato quantity of sulphurio aoid It forms 
transparent four-sided prisms , or, by rapid crystallisation, silky needles ; they redden 
litmus slightly, and turn red at about 100“ without losing weight. It dissolves in 6 
or 8 pts cold and 3 pts. hot water, and in snlphuric acid without blackening or 
evolution of gas It forms crjstallisable salts with the alkalis, and precipitates 
barium-, calcium-, and silver-salts on addition of ammonia, the silver-precipitate 
contains about 64 per cent, silver (Liebig and Wohler). It dissolves quietly in 
cold nitno acid, hut is decomposed by boiling with strong nitric acid, IVTien it is 
boiled with dilute hydrochloric or sulphurio acid, duilnric acid is formed, which is 
partially converted into alloxantin by the action of the air. (Gregory ) 

The formula assigned by Liebig and Wohler to nramiho acid is the 

poKontago they obtained by analysis is 0, 32'00 ; H, 3'69 , N, 23 23 , 0, 41 09 , hut 
they do not state at what temperature their crystals were dried. Qmelin suggests 
(pfPN'O', which IS the formula adopted by Laiirout(Coinpt rend, xxxv 629), who 
regards the coinjimind as dialnramie acid, H 0 Gerhardt (Ohm. 

mq. i. 610),relymg on Gregory’s experiments, regards it as acid diulurato of ammo- 
nium, the formula of which is C»H'>N»0» = G>H’(HH*)N'0''. E. T. C 

VRANATES. Compounds of tlie urame oxide with basic motallio oxides. 
TTBAWIO ACID. A name applied to uranio oxide when in combination with 

DRAia'IN'. Syn. with pitchblende or native oxide of uranium 
URAKTXTE, Native calcio-urauic phosphate (iv. 685). — Chalcolite, or cojrper- 
uranitc, is an isomorphons mineral haimg the calcium replaced by copper 
tmANIUia. Aionvu) weykt, 120; Sytnbol, U. — Klaproth, in 1789, discovered, 
in pitchblende and uranite, a metalhc oxide to the metal of which he gave tlio name 
uramum. Its compounds were subsequently examined by Ei eh tor, Biichholz, 
Loeami, Brnnde, und especially hyBerzeliiis .and Arfvodsou » Piligot, in 
1840, showed that the body previously regarded as metallic uranium was really the 


s, sec Qmettn's Handbaoh, If. IW. 
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protoxide (UO) ; he likewise ohLiinocl the true mebil, and determined its atomic weight 
correctly. Further examin.itiens of urannim-compounds hare been inadeby Ehelmon, 
Ea mm els borg.’Wer the im, Patera (J.pr. Ohem. bd. 397)iErenkmann (Jahrosb. 
1861 , p. 256), Imd others. 

Uranium is not a Tory abundant metal. Its prindpal ore ia pitchblende, -which 
consists of impure uranobo-maiiie oxide, it oeeiirs also as earbonate in liebigite 
(i 798) , as sulph.ito in jolmnnite, or uraniiim-uitriol, and m ovanium-ochre (p 616); 
as phosphate in uranite or nrauram-imca (w. 68i) , as niohate and tantaUte in urano- 
tuiitalito or samarskite , in smaller qnantity also in tyrito, bragite, fergusonito (iv 
66), pyrochlore, and polyorase (iv. 67), and os niohate and titanato in euxenito 
(11 611) 

firtrociwii.— Uranium is almost always obtained from pitchblende, a mineral 
containing from 40 to 90 per cent, of urauoao-urauic oxide, U'D-*, associated with 
bulphur, arsenic, lead, iron, and several other metals. The mineral is finely pounded, 
freed by elutriation from the finer earthy impurities; roa.sted for a aliort tune to 
remove part of the sulphur and arsenic , then dissolved in nitric acid, and the solution 
evaporated to dryness. The residue is exhausted with water, the solution filtered 
from the briek-red residue of ferric oxide, feme arsenate, and lead-sulphate, the 
greenish-yellow filtrate is slightly concentrated by evaporation, and left to eool, where- 
upon it deposits crystals, and the rosnlting radiated mass of crystallised uromc nitrate 
IS drained on a funnel, and then washed with a small quantity of cold water As the 
water dissolves a portiop of the erystals, it is used in a snhsequcnt operation to redis- 
BolvR the residue obtained by evaporating the solution of pitchblende in nitric acid. 
The uranic nitrate, after being dried m the air, is introduced into a -wide-inonthed 
hottls containing other, in which it immediately dissolves; the yellow solution is left 
to evaporate in tlio air ; and the resoltmg crystals are purified by solution in hot 
water and reorystallisation The mixed mother-liquids, after dilution with water, are 
treated -with sulphydric acid to precipitate arsenic, lead, and copper, and the filtrate is 
freed from oxide of iron by evaporating to di’yness, and digesting tho residue m water. 
The solution thus obtained yields a fresh crop of crystals of uranic nitrate This salt 
IS converted by ignition into uranoso-nranic OMdo, U’O^, and from this the prot- 
oxide 13 obtained by ignition -with reducing agents, and tho protochloride by ignition 
with oliarooal m a stream of ohlorme-gas (PiUgot, Ann Cb. Phys. [3], v. 6 , xii. 268.) 

Ebelmon digests pulverised pitchblende with hydiodilono acid, to dissolve tno 
oxides of calcium, magnesium, manganese, and other metals, roasts the washed and 
dried residue -with charcoal , exhausts the cooled mass with strong hydroehloiie aeid, to 
remnve iron, copper, and lend as completely as possible , again roasts tho washed 
residue, and then dissolves it ni hydrochloric acid. The solution thus obtained is 
evaporated to dryness and again treated -with water, which looves arsenate of iron 
undissolved , tho filtrate is treated with sulphydric acid, and evaporated to the crys- 
tallising point , and tho resulting crystals of uranic nitrate are purified by recrystal- 
lisation. 

Meiallio nraimm is obtained by decomposing the protoehtonde with potassium or 
sodium If the mixture be heated in a platinum-omcible over a spirit-lamp, and the 
soluble alkaline oliloride washed out by water, the uranium is obtained in the form of 
11 black powder, or sometimes aggregated on the sides of a crucible in small plates, 
h.mug a silvery lustre and a cortam degree of malloability But, by introducing into 
a porcelain-omciblo, first a layer of sotbiim, then chloride of potassium, and then a 
mixture of chloride ot potassium and protoehlonde of nramiim (the use of the chlonde 
of potassium being to moderate the action, which is otherwise very violent), placing the 
porcelain-craoible within a closed earthen crucible lined with charcoal, and heating it, 
■first moderately, till tho reduction takes place, and then strongly in a blast-furnace 
for fifteen or twenty minutes, tho metal is obtained in fused globules. (Pdligot.) 

Uranium, in its compact state, is somewhat malleable and liard, but is scratched by 
steel. Its specific gravity is 18'4 , its colour is like that of nickel or iron. When 
exposed to the air, it soon tarnishes, and assumes a yellowish colour. At .i red heaj; it 
oxidises with nvid incandesi once, and becomes covered with a bulky layer of black 
oxide, which protects the interior from oxidation. In the pulverulent state it tokos 
fii'e at about 207°, bui-ning with great splendour, and forming a d.ark-green oxide, 
U’O* It is permanent in tho air at ordinary temperatures, and does not decompose 
cold water. It dissolves with evolution of hydrogen in dilute acids, forming green 
solutions It combines directly -with chlorine, giving out great light and beat, and 
forming a green volatile eblonde. It unites directly -with sulphur at a slightly elevated 
temperature. (Beligot) 

Urannini forma two classes of compounds— viz., tho nranous compounds, in 
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■wMeli it is biequi-valent, e g. tr"0, TI"SO', &c. , and the uiame ,coinponnda, 

in which it is tneqnivalent; e.g . : 

tfW frjoi, ^|°N0»)» tj4[so^)" 

Oxide. Oxychloride. Oxynltrate. Oxysulpliote. 

Thore arc also two oxides of uranium, intermediate between uranous and uramc oxide 
There is no chloiide, bromide, iodide, or fluoride eoiTesponding to uranic oxide, such 
as tfCl’, neither are there any normal uranie oxysalts analogous to the normal 
ferric salts, such as ©(NO*)*, ©’(SO*)*, &e ; hut all the ursmo salts contain the 
group U*0’, which may ho rog^ed as a diatomic radicle (called uranyl by Piligot), 
uniting witli acid radicles in the usual proportions, and forming normal salts, thus 

tTranio oxide, or Oxide of Uranyl (U’O’Y'O 

Uranic oxychloride, or Chloride of Uranyl . . . (U’O’Y'CF 

Uranio nitrate, or Nitrate of Uranyl .... (U’O’yYNO*)’ 
Uranic sulphate, or Sulphate of Uranyl .... (U’O’y'SO*. 

This riew of the composition of the uranic compounds is, however, by no means 
essential, since they may also ho formulated as above 

VKAKriuni, BROlUCtSES or. o. Uranoua Bromide, UBr*, is obtained, 
lu the anhydrous state, by heating a previously ignited and still warm mixture of 1 pt. 
uranous oxide and 6 pts. starch in a stream ot bromine-vapour. It is a brown pul- 
verulent mass, exhibiting a orystalUne structuro on the most strongly heated portions j 
lb fumes in the air, and is very deliquescent. (Hermann, Tabresh, 1861, p. 260.) 

By dissolving nvanous hydrate in aqueous hydrohtomie acid, a dark-green liquid is 
formed, which, when evaporated over oil of vitriol, yields dark-green crystals of hy- 
drated uranous hromide, UBr’.dH’O; they are very deliquescent, yield an emerald -green 
solution, and are decomposed by boat, giving off bromine and leaving uranous oado. 

Uranio Oxybromtde, U’O-'Br*, or Bromide of Uranyl, (U*0*)"Br’, is pro- 
duced by treating uranous oxide with bromine and water, or by dissolving imanio oxide 
in hydrobromic acid, and evaporating. It forma yellow needles, which nave a styptic 
taste, give off water and become oiuuge-yeUow when heated i and at a stronger heat, 
in contact irith the air, give off hydrobromic acid and bromine, and leave uranic oxide. 
They deliquesce in the air, and their solution gives, with ammonia, a precipitate of 
uranio hydrate. (Berth emot, Ann. Ch. Phys. [8], xliv. 387.) 

'inUklVlUK, CBIiOKlSES OF. Uranium forms a diohlorifle and an oxy- 
diloride, analogous to the bromine-compounds just deaenhed, also a subohloride 
analogous to the suboxide. 

The SubcUoride, U*C1*, obtained by strongly igniting the dicbloride in hydrogen-gas, 
forms a coarsely fibrous, dork-brown, slightly volatile mass. It dissolves easily in 
water, but the purple solution is quickly converted into uranous ohlondo, with evolution 
of hydiogon and deposition of a red powder. Ammonia throws down the hydrated 
Buboxide.— According to Eammelsborg, a brown subchloride, U*C1*, is formed by 
heating the diehlonde in ammonia-gas. 

The Biehloride, or Uranous ehloride, UQl’, is formed, viith vivid incandescence, 
by burning metolho nramnm in chlorine-gas ; also by igniting uranous oxide in hydro- 
chloric acid gas. It is prepared by passing ehlorine over an intimate mixture of 
choreoDl and either of the oxides of uranium, strongly heated in a tube of very re- 
fractory glass It crystallises in dark-green regular octahedi'ons, which have a 
metallic lustre, and, when heated to redness, volatilise in red vapours, and form a sub- 
limate. It 18 very deliquescent, Ihmes strongly on exposure to the air, and dissolves 
easily in water, with a hissing noise and great nso of temperature, forming a dark 
emerald-greou solution, which, when evaporated in a vacuum, leaves an amorphous, 
green, deliquescent mass of uranous chloride ; hut when evaporated by heat, gives off 
iiychocblono acid, and leaves a residue soluble in water (probably an oxychloride). 
The solution of uranous chloride, whan boiled, gives off hydrochloric acid and deposits 
a very finely-divided brown powder 'When the same solution is dropped into boiling 
water, the whole of the nramnm is precipitated as nranons hydrate Alkalis also 
throw down uranous hydrate. The solution of -aranous chloride is a powerful de- 
oxidising agent, reducing gold- and silver-salts, completely converting fario ehlondo 
into ferrous chloride, &c. * 

Dry uranous ehloride ignited in hydrogen-gas, gives off a fourth of its chlorine, and 
is reduced to U‘C1“.— Dry ammonia-gas converts it, at ordinary temperatures, into the 
compound 3UC1’.2NH’, at a red heat, reduction takes place, and the suhehlorido is 
produced. 

Uranic OotyoMoride, or Chloride of Uranyl, — When dry ehlorine- 

gas is passed over uranous oxide at a red heat, the tube becomes filled with an orange- 
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yellow vapoiWiOf this compound, wMeh solidiflcB in a yellow crystalline mass, easily 
fusible, but not very volatile. "Wlien ignited with potassium, it yields chloride of 
potassium and uranous oxide. Dissolved iu water, it forms hyi'ated chloride of 
uranyl, U'O'^Or-'.ffO. The same solution of uranic oxychloride is formed when a 
solution of uranous chloride is exposed to the air, or treated with nitric acid. When 
evaporated, it yields, according to Klaproth, crystals which efaoresce on exposure to 
the air, accordhig to Arfvedson, an unoiystalhsablo syrnp. 

Uramo oxychloride forms double salts with ths chlorides of the alkali-metals.— The 
ammamum-sali, 2NH*01.D'0=Gl’.2H-0, crystallises, after some time, from a syrupy 
solution, in very deliquescent rliombohedrons (Peligot). — The potassmm-salt, 
2K01.U^O=GP 2H“0, is obtained by dissolving nranato of potassium in excess of 
hydrocbloi'ic acid, adding chloride of potassium, and evaporating. Tho eiystals 
dissolve readily in water; hut on evaporating tho resulting solution, chloride of 
potassium crystalHses out, and urame oxyohloride remams in solution. — CUoridt 

of sodium appears to form a similar double salt Urame oxychloride also forms 

double salts with tJio hydrochlorates of org.anic bases. (G Gr. Williams,) 

VRAK ZUM;, CTAirXDBS OP. But little is known respecting these compoimds. 
Uranous oxide does not dissolve in hydrocyanic acid, and the precipitate formed by 
cyanide of potassium in uranous solutions consists merely of hydrated uranoso-uranio 
oxide (Rammolsbeig.) 

With urame salts, cyanide of potassium forms a yellow precipitate, probably con- 
sisting^ of uranic oxycyanide. This ^ecipitate dissolves when warmed m excess of 
potassium-cyanide, and is not reprecipitatod therefrom by acids, perhaps m oonsoquenoe 
of the formation of a uranium-compound analogous to fomcyanule of potassium, 
(Pi'osenius and Haidlen.) 

VRAKrena, dethction akd ssTintATiovr or. l JBfotopiyie 
Reactions , — Uranic oxide and salts, fused with pkosphorus-salt in the outer blow- 
pipe-flame, produce a clear yellow glass, which becomes greenish on cooling In tho 
inner flame the glass assumes a green colour, becoming still greener when cold. 
Similar colours are obtained with 6oi-as. Tho oxides of uranium are not reduced to 
the metaUio state by fusion with carbonate of soda on charcoal. 

2. Reactions in Solution. — o. Uranous salts are formed by dissolvitig 
uranous oxide in strong hydrochloric or sulphuric acid, or the hydrate in dilute acids, 
also by reduction of uranic salts. They arc green or greenishcwhito, and yield green 
aqueous solutions, from which canstw allialis throw down a red-brown gelatinous 
precipitate of uranous hydrate, alkaline carbonates (with evolution of carbonic anhy- 
dride), green precipitates, which dissolve in excess of alkahne carhonato, especially 
of ammonium-carbonate, forming green solutions tho green precipitate, after washing 
and drying, consists of puro uranons hydrate. Uranous salts also yield a green pre- 
cipitate with phosphate of eodtitm, grey-green with oxalto aoid, light-brown with 
femopanide of potassinm Sulphide of ammonium forms a black precipitate of 
uranous sulpbids ; the add and neutral solutions are not precipitated by svXphydno 
aad Uranous salts are easily oxidised to uranic salts by exposure' to the air, or by 
treatment with mtrio acid ; they easily rsduco gold- and sihcr-scdts. 

S. Uranic salts are yellow; they are mostly soluble ui water, and in solution 
have a hitter taste, without any metallic aftertaste. They are reduced to uranous salts 
hy sidphydrio aaid , also by aloohol or ether in sunshine — Cauatio cdhdis, added to 
uranic solutions, throw down a yellow precipitate, consisting of a nranato of the 
alkaU-metal, which is insoluble in excess of tho reagent. — Alkaline carbonates produce 
a yeUow precipitate, consistmg of a carbonate of iiramnm and the alkali-metal, 
soluble in excess, especially in acid carbonate of potassium or acid carbonate of ammo- 
nium, Potash added to these solutions throws down all tho uranic oxide. Prom the 
Boliition in carbonate of ammonium, the uronie oxide is likewise precipitated by 
boihug — Qarbonate of banum oomplatoly precipitates uranic oxide from its solutions 
at ordinaiy temperatures, — Phosphate of sodium, added to uranic salts not containing 
too much free acid, produces a white precipitate of uranic phosphate, having a alight 
tinge of Sulphide of ammonium produces a black precipitate of uranic sul- 

phic^e, which remains for a long time suspended in tho liquid. — Sidphydnc acid pro-' 
dueos ■ ” o/^fosswm produces a dark red-hrown precipi- 
tate , e — -Metallic erne does not precipitate uranium in 

the mptaUie state irom nrauio solutions, but, after a long time, produces a yellow 
precipitate of uranic oxide. 

4. Estimation and Sep aration — ^Uranium is completely precipitated from uranic 
solutions by ammonia. Thoprecipitate, which consistsof hydratedurame oxide containing 
ammonia, must bo washed with water containing sal-ammoniao, as it runs through the 
Alter when washed with pure water. It is then dried and ignited in an open crucible. 
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wliereby it is converted into nranoso nrnnie oxide, U’O*, but to obtain a rprfeetly doflnito 
result, and prevent farther oxidation during cooling, it is necessary to put tbe cover 
on tbe crucible while the substance is still rod-hot, and keep it there tiU, the crucible 
IS quite cold. The oiddo thus obtained contains 84-90 par cent of uranium. An 
accurate leault is Hkewiso obtained by igniting the sesqnioxido in an atmosphere of 
hydrogen, -whereby it is reduced to protoxide containing 88 24 per cent of the metal 

If the uranic solution contains a considerable quantity of an earth or a fixed alkali, 
the precipitate formed by ammonia carries down with it a certain portion of the earth 
or alkali, to fi-oe it from which it must, before igmtion, he redissolvod in hydrochlorio 
acid, and repreeipitated by ammonia 

Tkom the olkali-metals, m-amnm, in the state of uranic salt, is separated by am- 
moma, attention being paid to tbe precaution just mentioned. A method of separating 
uranic oxide from alkalis, founded on the solubility of uranie silicofluonde in alcohol, 
13 given by Stolba (Zeitaclir, anal Cham iii. 71 , Jahresb. 1864, p. 718). 

From barium it is separated by sulphunc aeid , from stronhum and oalomm, also 
by sulphm-ic acid with addition of alcohcd 

Frommaguesium, mauganese, cobalt, nickel, and sine, these metals being in 
the state of protoxide, and the nranium in fee state of sesquioxide, it is separated by 
precipitation with carionate of barium. — From zinc, oobalt, and nickel it may also 
be separated by mixing tbe solution of the cbloridos with excess of sodio acetate, and 
passing a rapid stream of sulphydrio acid into the boiling hqmd : the zinc, cobalt, and 
nickel are then completely precipitated, while the whole of tbe uranium remains dis- 
solved, (Gti b b a, Sill. Am, J. [3], xxxix. 58 ; Jahresb. 1866, p. 727.) 

From iron it is separated by carbonate of ammoiaa, both metals being in tbe state 
of sesqnioxido; the ur-anic oxide then dissolves, while the feme oxide remains undis- 
Eolved. Care must, howover, be taken that the carbonate of ammonia be really 
moiioearboiiate, quite free from excess of carbonic acid, otherwise the iron -will also ho 
dissolved. To ensure this condition, the cnihonate of ammonia must be previously 
boiled, and tlie solution of tbe oxides, if acid, must be neutralised -with ammonia till a 
slight permanent precipitate begins to form • the solution should then be diluted with 
water. The uranic oxide is separated from the filtrate either by boiling, or by super- 
saturation -with hydroehlonc add and precipitation by ammonia. 

From, aluminium, uranium is also separated by carbonate of ammonia, and with 
greater facility. 

From cadmium, dopper, lead, tin, and all other metals whose salts are inso- 
luble in dilute acids (&roup i, ArtAivsis, i. 217), uranium is separated by nAphydne 
acid , from chomium, in the same manner as iron is seperated from that metal 
^l. 946); and from vanadium, tungsten, molybdenum, and tellurium, byswl- 
phde of ammonrum, in which the sulphides of the last-named metals are soluble. 

For the methods of separating uranium from niobium, tantalum, and titanium, see 
those metals (iv 61 ; v. 664, 830). 

Volumetric Wetmaiion . — Acid manganic phosphate, added to an acid solution of 
ammonio-uramo acetate, forms a yeUowish-white precipitate, which, when the preeipi- 
tatiDu is quite complete, changes its colour to yellowish rose-red (from formation of 
basic manganic phosphate). The reaction may ho applied to the volumetae estima- 
tion of uranium, by dissolving 1 to 1^ grm. of the uranium-compound in dilute nitric 
or in nitromuriatic aeid, supersaturating with ammonium-carbonate, then diluting the 
solution, and adding excess of acetic acid, till the liquid is made up to a litre If 
pliosphoric or arsenic acid is present, the uranium must first be precipitated by sul- 
phide of ammonium. The normal aolution of manganic phosphate is prepared by 
strongly heating syrupy phosphoric acid with fiuely-dmded manganic oxide, till a 
dark-blue colour is produced, diluting to such a degree that 1 grm, of urani-um shall 
correspond to 30 cubic centimetres, and titrating with pure urauous or uranio oxide. 
(Q-uyard, Bull Soc. Chun. 1883, p. 89; Jahrosb 1883, p. 692.) 

Beloiibebor (Bull. Soe. Ohim. 1867, i 494) estimates ■uranium volumetncaUy by 
moans of potassio permanganate, the uranium-salt being previously brought to the 
minimum of oxidation by treatment with zinc aud sulphunc acid. 

6. Atomic Weight of IZraniitw.— Pdligot, in 1842 (Ann. Oh. Fharm. xlii. 
141), determined the proportton of chlorine contained in -aranouB chloride, tlOB, by 
precipitation -with nitrate of silver. Two experiments gave 39-1 and 37-2 per cent, 
chlorine, therefore 60-9 and 62 8 per cent, uranium. The latter, regarded by Fihgot as 
the more correct, gives • 


u 


62-8 
37-2 • 


71 


119-9. 


The analysis of uranic acetate, Tr’0®(0'H*0’)*H“0, made by P 6 li got, in 1846 {ihid 
lx 183) gave U = 120-0 and 120-1 Wertheim (J. pr. Chem. xxix. 209), by 
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analysis of siSlio-urnuio acetate, and Ebelmen (Ann CH]. Pharm xlii. 2SG), by 
analysis of Uranic ozakte, obtained somewhat lower numbers ; but the number 120 is 
regarded as the true atomic weight of uranium. 

tTKAnriinw, FKVOBIDES op. XJranoua fluoride, TTF’, is produced, toge- 
ther with uranic osyfluoride, by the action of uijueous hydrofluoric acid ou green 
uranoso-uianic oxide, and separates as a green insoluble powder, which passes 
through the filter It is more easily prepared by boilii^ the yellow solution of uranic 
oxyfluorido, obtained as above, or a solution of ammoniacul uranic oxide or carbon.ite 
in hydrofluoric acid, with stannous chloride , the precipitate of uranous fluoride thus 
produced is easy to wash. Uranous fluoride is also formed by the notion of hydro- 
fluoric acid on uranous hydrate, and is thrown down by hydroflnonc nmd from a solu- 
tion of uranous chloride, as a bulky green precipitate. 'When heated in hydi-ogen-gns, 
it gives off hydrofluoric acid, and leaves a reddish mass, insoluble in water, scarcely 
attacked by strong nitno acid, and probably cousisting of a subflaorida. (Bolton, 
ZeitBchr, f. Chem. [2], ii. 363 ; Bidl. See Ohun 1860, ii. 460.) 

Fotaasio^anoua jkmnde, KF,2UF*, is produced by the action of formic or oxalic 
acid, under the influence of light, on potassio-uranic oxyfluoride (infia). When oxalic 
acid is used, a precipitate of uranous hydrate is likewise formed, hut it is easdy sepa- 
rated from tie double fluoride by solution in dilute acids. Potassio-uranous fluoride 
IS a green powder resembling uranous fluoride, insoluble in water and in dilute acids, 
solume in strong hydrochlone acid Sulphuric acid dissolves it easily, oliminating 
hydrofluoric acid Wlien ignited in the air it melts, gives off hydrofluoric acid, imd 
leaves iiranate of potassium , ignited in a close vessel, it loaves s black residue of 
uranium-suboxide and fluoride of potassinm. Caustic soda separates the anboxide from 
it. Heated in hydrogen-gsB, it behaves hke uranous fluoride. (Bolton.) 

Sodio-uranoiis Jluonde, NaF 2UF® (?), resembles the potassuim-salt, hut appears tb 
be more soluble in water. When heated it does not melt, but decomposes like the 
potossium-salt, leariug a yellow residue of sodium-uranate (Bolton.) 

XIi ania Oxyfluoride,o's Fluoride of Uran^l, — The yellow solution, 

obtained by treating green nranoso-nTanio oxide or uianio hydrate with hydrofluoric 
acid, leaves, on evaporation, a nearly white nnorystallisable mass, which dissolves in 
water and in alcohol (Berzelius , Bolton) It gives off water at 100°, and, when 
heated in the air, gives off fluorme and leaves uranium-oxide (Bolton). It forma 
double salts with alkaline fiuoridea 

The ammmm'm-sdt, (NH-')F.1I=0*F* acH^O, obtained like the potasanim-salt 
{infra), ferns indistinct crystals, soluble in water, slightly soluble in hydroflnoiio 
acid, and insoluble in alcohol. Wlien calcined it leaves suboxide of uranmin (Bolton 1 
The banum-salt, SBaF’’ 2U*0-F'‘ 2H=0, is a yoUow oryataUine precipitate, insoluble 
in cold water, soluble in dilute acids. 

The potassium-salt, SKF.U'O’F*, separates, on adding flnondo of potassium in 
excess to uranic nitrate, as a lemon-yellow, dense, crystallido precipitate , it is also_ 
formed by dissolving iiranate of potassium in hydrofluoric acid mixed with fluoride of 
potassium. It separates from solution in boiling water in anhydrous ory.stalhne crusts, 
and is deposited by slow evaporation in macled crystals belonging to the quadratic 
system • it is anhydrous. When heated, it melts, with partial decomposition, to a red 
liquid, which soMifles to a yellow mass on cooling It dissolves without decomposition 
in boiling water, forming a solution which does not attack glass. Fused with carbonate 
of sodium, it yields fluoride anduranate of sodium. Ignited in hydrogen, it leaves 
a residue consisting of uranium-fluoride, uranium-suboxide, and potassium-fluoride 
By formic or osabc acid, under the influence of light, it is reduced to potassio-uranous 
fluoride (Bolton) -The sodium-salt, HaP U'0*F*.4H°0, is sometimes obtained, in 
line effloiescent right riiomhoidal prisms, by evaporating a mixture of sodiam-fluorido 
and uranic nitrate, or a solution of sodium-nranate in hydrofluoric acid; hut on 
attempting to recrystaUise it, fluonde of sodium crystallises out alone. By formio or 
oxalic acid it is reduced to sodio-uranous fluoride. (Bolton ) 

VKAWHrB):, IOBIOE9 OP. Uranous iodide, UP, is obtained by disaolviug 
■uranous hydrate in hydriodio acid , the green solution, when evaporated m contact 
with the air, acquires a brown colour from separation of iodine, and yields ablack crys- 
talline mass, insoluble in water, and containing a small quantity of uranic oxyiodide, 
(Eammelsberg.) 

TTOANITIia, OXISXiS OP. Uranium forms four compounds with oxygen — viz., 
uranous oxide, UO , uranic oxide, U^O’, and two intermediate oxides, U-'O* andU’O', 
which may be regarded as compounds of the other two —A suboxi de, U<0”, appears 
also to be' precipitated, in combination with water, on adding ammonia to the aqueous 
solution of the subchloride, U'CP ; hut the brown precipitate thus produced, quickly 
VoL V. S P 
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takes up oxygen from the water, and is converted into .a greonisb-yellow hydrate, which, 
in contact with the air, oxidises further to uranous hydrate 

UranouB Oxide, TJO — ^This oxide, formerly mistaken for the metd, is obtained 
by oxpobing nranoso-uranic oxide, U'OS mixed with chnrooal-powder, bullock’s blood, 
or oil, to the btrungost heat of a hlabt-furnoce; by heating the same oxido to redness 
in a cuirent of dry hydrogen , by igniting urnuie oxalate in a close vessel, or (better) 
lu a current of hydrogen ; or by igniting potasbio-iiranic chloride (p, 943), either alone 
or in hydrogen 

Uranous oxido ohtaiucd hy the last-mentioned process forms, after washing, a 
metalhcally histrons powder composed of microscopic regular ootahodi'onb, temslueent 
with red-brown colour outlie edges (Arfvedson). That which is prepared from the 
oxalate is a cinnamon-brown or copper-red metallically lustrous powder, of speciflo 
gravity 10 16 (Piligot, Ebelmen), that prepared hy reducing uranoBo-iu'anic 
oxide with charcoal is an iron-grey powder, consistmg of feehljr lustrous mioroscopio 
ueodlea (Bucholz) When a solution of ammonium-uranato m hydi'ochloric acid is 
evaporated with sal-ammomae and common salt, the remaining mass heated in a 
covered crucible till the sal-ammoniac volatilises and the sodmm-chlonde melts, and 
the soluble salts washed out with water, uranous oxide remains in the form of a black 
crystalline powder (W ohlor). The black anhydrona oxide is also formed hy boding 
uranous hyorato with avator. 

Uranous oxide easily passes to a higher state of oxidation, the compact crystalline 
variety, however, less rapidly than the finely-divided oxide ; that prepared from the oxa- 
late at not too strong a heat is even pyrophoric. Uranous oxide, when heated, burns 
with a glimmering light, and is converted into uranoso-uranio oxido 

Uranous hydrate is precipitated from uranous salts hy caustic alkahs, in bulky 
ratl-hroivn flocks, which retain a portion of alkali after washing with cold water, and 
turn black on boiling, 

Uranous oxide, after ignition, is insoluble in dilute hydrochloric or sulphurio acid, 
hut dissolves in strong sulphuric acid. The hydrate dissolves easily in acids, forming 
uranous salts. (For the reactions of those salts, see p 943). 

TTranoso-uranlo Oxide, U’O-* — UOU^O’ — This oxide forms the principal 
constituent of pitchblende It is obtained artificially by igniting the metal or uranous 
oxide in contact with the an , by heating uranous oxide to redness in an atmosphere of 
aqueous vapour , and by gentle ignition of urnmo oxide or nramc nitrate It is a 
dark-green velvety powder, of specific gravity 7’1 to 7'3. When ignited alone it is 
reduced to the black oxide, U'0‘, by ignition in hydrogen, or with sodium, charcoal, or 
sulphur, it is reduced to uranous oxide. 

Pitchblende sometimes occurs in regular octahedrons, or combinations of the 
octahedron with the cube and rhombic dodeoabodron, but more generally massive and 
botryo'idal. Hardness = 6-6. Specific ^avity = 6‘468— 8 Lustre submetalhc or 
greasy to duU. Colour greyish, groouish, brownish-red, or velvet-black. Streak 
hrownish-hlaek or olive-green, a little shimug Opaque Fracture oonchoidal, uneven. 
It contains from 70 to 90 per cent, uranous oxide, togetherwith sulphur, lead, arsenic, 
antimony, hismutli, iron, manganese, cohalt, magnesium, calomin, carbonic acid, phos- 
phoric acid, silica, and sometunos traces offluormo (Hamm clsh erg ’sUfeneriilelieMiis, 
p. 176). It occurs, accompanying various ores of lead and silver, at Johanngeorgen- 
fctadt, Maiienberg, and Sefineeberg in Saxony, at Joaehimsthal and Przibramm Bohe- 
mia, aud at Retzhanya in Hungaiy, It is associated with urunite at Tincroft and 
Tolcam near Eedrutli in Cornwall, and at Adrianople in Turkey. 

Uranoso-uranio oxide and ground pitchblende are used for producing a very perma- 
nent black colour under the glaze of porcelain 

Uranoso-uranio oxido is hut little acted upon by dJute hydrochloric or sulphuric 
acid, hut these acids, when concentrated, dissolve it without alteration, by mtrio 
acid it IS dissolved, and oxidised to uranie mtrate A solution of uianoso-uranio acid 
iu hydrochloric or bulphurio acid, diluted with water aud mixed with ammonia, yields 
a grey-green precipitate of uranoso-uranio hydrate, which, if precipitated in the 
cold, dissolves easily and without alteration in dilute acids, hut is decomposed hy 
carbonate of ammonium, which dissolves out uramc oxide, leaving brown uranous 
hydrate. On mixing the solution of uranoso-uranio oxide iu sulphuric acid with alco- 
hol, uranous sulphate separates out, while uramc sulphate remains dissolved. The 
solution of uranoBO-ivranic oxide in hydrochloric acid is decomposed in the same 
manner on addition of sulphuric acid and alcohol Hence it would appear that the 
solutions of uranoso-uranio oxide in acids arc mixtures of uranous and uramc salts, a 
view which is likewise in accordance with their other reactions. 

A black oxide of uranium, U^O* or 2UOUW, is produced hy subjecting 
rannic mtrate or uranate of ammonium to intense ignition, or by strongly igniting 
iii'auous oxido prepared by Wohler’s method in contact avith the air. This oxide 
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IS rogarded ly Pdligot and Drenlcmann as a distinct compound; according to 
■R.immoisborg and Ebolmen, on tho other hand, it is only n mixture of green nranoso- 
ui’iime oxide with uranic oxide. If not too dense, it is oxidised hy prolonged ignition 
111 contact with the air AVith acids it hehaves m the same manner as the green oxide. 
The black colom' produced upon poreolam m tho manner above mentioned, probably 
consists of this oxide 

TTranio Oxide, or Oxide of Oranyl, U®0’ = (XJ=0=)’’0. — Uranium and its 
loner oxides dissolve in nitno acid, with evolution of mtrie oxide, and formation of 
urauic nitrate , and when this salt is heated in a basin till it begins to decompose, and 
then to 250'’ in a glass tube, as long as acid fumes continue to escape, pure nranio 
oxide remains in the form of a chamois-ycllow powder. When ammonio-nraiucoar- 
honate (i 797), or uranic hydrate, is heated for some time to 800°, uranic oxide re- 
mains as a bnck-rcd powder, according to Ebolmen , according to Malaguti, however, 
the oxide prepared by heating tlie hyi&ate always retains a certain quantity of water. 
Uranic oxide, when heated to redness, gives off oxygen and leaves green uranoso-uranie 

Uranic hydratedannot ho prepared hy precipitating a xiranic salt with alkalis, 
inasmuch as the precipitate always ciu'ries down alkali with it. Pure uranic hydrate 
may be obtained . — 1. By heating nranio nitrate oontamod in a covered vessel m the 
sand-bath as long as nitric acid is given off, uranic hydi-ate then remains, mixed with 
basic nitrate, from which it may he fiieed by boiling with water (Berzelius) — 2. A 
solution of uranic nitrate in absolute alcohol is evaporated at a moderate heat till, at 
a certain degree of coucontriition, nitrons other, aldehyde, and other vapours are given, 
off with violent intuniesconce, and a spongy yellow mass remains, which, when washed 
witli boiling water, leaves iminio hydrate (Malaguti, Compt rend xvi 851j — 8. By 
exposing recent’ ' ^ moist nranoso-uranic hydrate to the air (Bbel- 

nieu) — i By carbonate with w.itor, and leaving tho powder 

tlieroby separated (winch contains about 2 per cent ammonia) for some tune under an 
imperfectly closed hcll-jar (Dronkmann). — 6. By fusing unmoso-uramc oxide with 
chlorate of potassium, and boiling out the fused mass with water. 

The hydrate obtained by either of these processes contains, when dried in the air 
at ordmarj temperatures, ll'eSper cent water, agreeing with the formula UW 2H^O. 
In a vacuum at ordinary temperatures, or at 100° in the air, it gives off half its water, 
leaving the monohyclrate, U^O’ H'^O, which contains 0 11—0 28 per cent water (hy 
calculation, 5'88 per cent ) (Ehelnien , Malaguti;. According to Dronkmann, tlie 
dihydrate prepared by the lust two processes does not give off tlie half of its water 
till heated to 160°. 

The monohydi'ate has a lemon-yellow colour, inclining to orange-yeUow, and a spocifle 
gravity of 6 92. It is permanent in the air, and does not ahaorh carbonic acid. 
According to Ebelmen, it gives off aU its water at 300°; but according to Malaguti, it 
stiU retains two-thuds of its water at 400°, and when more strongly neated, gives off 
oxygon as well as water At a red heat it is reduced to tuanoso-urumc oxide. 

Uranio oxide and its hydrates dissolve in acids, forming the uramo salts (p 943). 

Ufauates — Uranic oxide unites with basic metallic oxides, forming salts called 
urauates The nranates of the olkah-metals arc obtained by precipitating a uranic salt 
with a caustic alkali , those of the enrth-metiils and heavy metals, by precipntatmg a 
mixture of a uranic salt and a salt of tho other metal with ammonia, or hy igniting 
a double carbonate or acetate of uranium and the other metal (calcio-nranic acetate, 
for example) in contact with tho air The nranates have, for the most part, tho 
composition M'’0 2U'‘0® They are yellow, insohihla in water, soluble in amds. 
Those which contained fixed bases are not decomposed at a red heat ; hut at a white 
heat, the uranic oxide is reduced to uranoso-uranie oxide, or hy ignition in hydrogen 
to uranous oxide ; the mass obtained by this lastmethod easily t^ces flro in contact with 
tlie air 

Uranaie of Ammomumif, precipitated from uranic salts by ammonia, as a yellow 
powder, which is slightly soluble in pure water, quite insoluble in water containing sal- 
ammomac, is not decomposed at 100°, but at higher temperatures gives off nitrogen, 
.iramoniii, and water This salt sometimes occurs in commerce as a fine deep yellow 
colour, celled “ ui-anniui-yeHow ” It is easily prepared by adding chloride or sulphate 
of ammonium to a boiling solution of aodmm-m'anato as long as ammonia and ammo- 
nium-carbonate are given off, washing the resulting precipitate, and drying it at a gentle 
heat (Antlion, Diug.pol J. olvi 211). This suit, when heated to redness, leaves 
pure uranosQ-uramo oxide, aud may therefore serve as the raw material for tho propa- 
rution of other uranium-compounds 

TJranate of liarium, BaO 2U®0’', obtained hy precipitation, as above desenhed, 
IS yeUowish-rcxi or orange-yellow, and when ignited in hydrogen, leaves an inflamma- 



943 


UEANIUM: SULPHIDES 


Me raixtuwj of uranoso-wi’inic oxide and baiyta — ^Tlio cdZcMiiji-eaJf.iSQ'btainodina 
similai' miinnor. Many natural nranmni-ochrea consist of this compound, and in Unit 
case do not giro off any oxygon at » rod heat. — The lead-sali, PbO obtamcii 

by procipitatioo, or by repeatedly boiling carbonate of lead with fresh quantities of 
nramc acetate, iaycllowish-icd, becoming brown-rod by moderate ignition ; wlion heated 
in a potlerj-fuinaco it becomes straw-yellow without undergoing reduction, and is then 
difficult to dissolve in acetic acid; wbon ignited m hydrogen, it leaves a pyrophoric 
mixture of uraiious oxide and metallic lead ('Wortheiiu). — The magnesium-ialt, 
MgO 2U''0*, obtained by igniting magnosio-uranio acetate, is a yellow-brown powder 

The polassium-salt, K’‘0.2U'‘0“ SH'O (Patera), is prepared by precipitating a 
uranic salt with excess of caustic potash; or by igniting potassio-uianio carbonate or 
acetate ; or by fusing uranic oxide with excess of potassium-carhonate, and wasliing out 
with water. When prepared in the wet way, it is a light orange-yellow powder, when 
obtained by ignition, yeUowish-red, It is partially reduced by hydrogen, yielding a 
mixture of uranoso-uranic oxide witha more basic uranate of potassium (Berzelius, 
W ertbeim) TTranate of potassium may also ho prepared from pitchblende in the 
same mapner as the sodium-salt (infra). An orange-coloured potassiiim-uranato is 
produced by precipitating a solution of polassio-uranio carbonate lu carbonate of 
potassium with caustic potash, and is prepared on the large scale by roasting pitoh- 
blonde, with subsequent addition of crude potash and saltpetre ("Wysooki, Dingl 
pel. T. elv, 306) — ^An aad gait, K®0 OU-WOH’O, is produced by fusing acid uranic 
sulphate with chloride of potassium , and remains, on lixmating the fused mass, as a 
yellow powder composed of microscopic rhombic prisms It becomes brick-rod by 
prolonged heating, and silver-grey at a white heat, in consequence of the conversion of 
the uranic into nranoso-uramc oxide. (Drenkmann ) 

The sUver-Bali, obtained by precipitation, or by boiling argento-uranio acetate 
with water, is a red powder which decomposes when heated above 100° 

Sodinm-salts. — The mmol salt, N.v'O IT-0’, obtained like the potassium-salt, is 
yellow, and exhibits ehniacters similar to those of tlio potassium-salt By fusing it 
with sodium-chloride, and lixiviating with water, another salt is obtained, probably 
Na'O.U’O’, in yellow six-sidod tables, mixed with a small quantity of uranoso-uranio 
oxide (Drenkmonn). Byfusiug uranic nitrate with sodium-ohlorido, and lixinating 
the cooled mass, an acid uranate of sodtum, Na’O SU’D’, is obtained in bronze-oolonied 
nacreous laminae, resembling mosaic gold, and made up of microscopic rhombic tables 
It has a speeffio gravity of 6 91, is insoluble in water, is decomposed only at a white 
heat, aflOTwards appearing silver-grey by reflected, colourless by transmitted, light, 
and containing urauoso-nramc oxide. (Drenkmann ) 

The normal salt, Na’O 2D’0’, is much used for im^-ting a yellowish or greenish 
colour to glass, and as a yellow pigment on the glazing of porcelain. The “ uranium- 
yellow’' for these pmposcs is prepared on the largo scale by roasting 100 pts of 
flnely-pulverised pitchblende (containing 46 per cent, uranoso-uranio oxide) with 
14 pts. lime m a reverberatory furnace, treating the resulting uranate of calcium with 
dilute sulphuric acid, hy which the uranic oxido is almost completely dissolved , mix- 
ing the green solution with crude sodium-carbonate, by which the uranium is precipi- 
tated, together with other metals, but rodisaolved, tolerably ffieo from impurities, by 
excess of the alkali ; and treating the liquid with dilute sulphuric acid as long as effex- 
vesecnee ensues. The sodium-iiranate is then precipitated as a hydrate, which 
becomes eiystallinc when dry, and then contains Na’0.2D’0’ en’O (Patera, J. pr. 
Chem. 1x1 397). Glass coloured with nranmm-yollow is highly fluorescent. 

A n orange-eolonxed uranate of sodium may bo prepared by precipitating a solution 
of pure sodio-uranic carbonate with caustic soda, pressing, drying, and pulverising the 
precipitate, then washing it, and drying it again (Wysocki.) 

Uranate of Ztne is obtained by precipitating a mixture of urnnio acetate and 
zinc-acetate with_ baryta-water, or by precipitating uranic nitrate with metaUia zinc, 
being then deposited on the motal as a compact yellow coating. (W ertheim.) 

URAArzinW, StTXiFaiBES OP. The only sulphur- compounds of uranium 
hitlicrto obtained in definite form, are uranoussulpliulo, US, anduranous oxysulphido, 
U’S-0. Uranic sulphide, U’S", is not known with certainty. 

Vranoiis Sulphide, US, is produced with ineandosccnce when motallio uranium 
is heated in sulphur-vapour (P Sligo t); quickly also, but without incandescence, 
wlion urauons chloride is heated to redness rn sulphydrio acid (Herni.iun) As tlius 
prepared, it is a greyish-black amorphous powder, whicli bccomas crystnllmo when 
heated to whiteness out of contact witii air. Uranous sidphide is also formed as a 
black precipitate on adding sulphite of ammonium to a solution of uranous chloride or 
nitrate (Hermann) 'When cxjiosed to moist air, it gradually gives off sulphydrio 
acid, and is converted into a basic sulphate, when heated in the air, it gives off sul- 
phurous oxide, and is convorted into uranoso-uvanic oxide. It is not decomposed by 
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lot hyarocHor^c acid, bnt dissolves easily m the concentrated acid. Chlorine decom- 
poses it rapidly , nitric acid converlB it into nranic sulphate. 

When an oxide of uranium is ignited in a mixture of earbome dioxide and caibonio 
disulphide, the higher oxides are reduced to nranous oxide, hut the latter undergoes 
110 further decomposition TTranous oxide, and not the sulphide, is likewise produced 
when nrauous sulphate is heated in hydrogen-gas; or when a mixture of uranous 
oiide and sodium-uranate is ignited with flowers of sulphur and sal-ammomac , or 
wlioii uranous sulphate is heated with persulphide of potassium. (Hermann.) 

Uranous Oxysul'plude, U®S'0 => 2USTJO,i3produood,aocordingto Hermann, 
when uranous or uranoso-uramc oxide is heated to hnght redness mTaponiof carbonio 
disulphide 

Uranic Oxysulphide,or Sulphide of Uranj/l,\e precipitated, according to 
Hem el 6 (Compt rend. Ivm. 716), hy sulphide of ammonium fiom a solution of 
manic nitrate It disaolTcs partially m cold water, forming a hrown solution, which 
deposits uranic oxide on standing. 

Uramc Sulphide has not been obtained in the separate state, hut when the 
precipitate formed hy sulphide of ammonium in uramc salts is left for a day or two in 
the hquid, it is converted into a blood-red compound containing ammonium-sulphide , 
.iiid this compound, when treated with potash-ley, yields a red piUverulent body eontaiu- 
iiig, according to Patera, K"-S 2tr'S’ + 21(K-O.2U*0’.3ffO). Theredammoniura-com- 
poiind treated with the chlondes of sodium, barium, and strontium, yields corresponding 
red compounds containing those metals. Wlien boiled with lime or magnesia, it 
turns black. (Patera, Ann. Oh. Pharm. lixxn 264) 

vaAirxtrM-BXOont. Syn. mth Ubaconisb (mfra). 

ITRAUZUM-anxiEir, Uran-grtm. VranocludciU, — These names are applied 
to certain decomposition-products of uraumm-ores, occurring thereon m small spherical' 
masses, or in fine needle-shaped crystals, and consisting, according to Lindackor, of 
ui'anoBo-nranio sulphate mixed with calcic and cupric sSphates. 

tIRfl.WIUIW-I«IOA. Syn. with UBamTE (p 940) 

TntANXTTK-OCRIlS, Umnoohro Earthy Eydruraniic. UramU terreua. — 
A term applied to various earthy nranmm-mmeralB, such as ochry uramc hydrate 
and basic uramc sulphates, occurring, with or without calcic sulphate, at Joachims- 
thal, the latter are also called XIraaomse, or Zippcite. 

TTRANTU'M-ORAirG'B. Orange-colomied uranates of potassium and sodium 
(p. fl48> ■ 

ITRAmvm-VITRIOXi, Abasic uranic sulphate containing 4-0 per cent. SO’, 
79 0 U’0‘, and 14 3 water, occurring in lemon-yellow, nucroscopic, rhombic prisms, at 
Joachimsthal in Bohemia. 

TfRAKTITria-YEIiXiOVr. A term applied to nranate of sodium, used as a pig- 
ment, and to uranate of ammonium (p. 948). 

VRANOCRAIiCXTE. Syn with TJuAitinK-anBEN. 

mtAirOCHRBa Syn. with IJEAlinlM-OOHBB. 

URARroifflOBItrE!, A term, applied hy Hermann (J pr. Chem. Ixxvi. 326) to 
crystallised pitchblende from Norway, containing a small quantity of niobie acid. 

tTRAnrOBRAIO'B. A mineral consisting of hydrated uranic sdicate, together 
with many other constituents, found in amine nearKupferherg in Silesia. (HanW. d. 
Ohem IX 43 ) 

VRAN’OFHYXil.XTB. Syn, with XlBAin’ra (p. 940). 

UBAHOBXSSI'I'E. Syn. with PiTOHBLianiB (p 946), 

XTRAITQTAlTTAIiITB. Syn. with SAmABSKiTM, or HiiANomoBA.TB of yrcitiTiit 
AND Ikon (iv. 66 , v 186). 

intANYIi. U’O’. — A diatomic radicle, which may be supposed to exist in the 
uranic compounds (p. 942). 

BRAO. Tetrasodio carbonate, or sesquicarhonate of soda, NA.*H’(C0’)*.2H’0, 
occun'ing at the bottom of a lake in Maracaibo, South America (i. 796). 

VRARI. Syn. with CuuAiiA (ii. 186). 

VRATBB. See Unio Aoii) (p. 966). 

VRBXTB. A mineral of imknown composition, occurring in the orthoclase of 
Notterde in Norway. It has been supposed to bo identical -with monazito (cerous 
phosphate), hut, according to Porhes and Dahll (J pr. Chem. Ixvi. 445), itcrys- 
lalhses in tiiclinio forms, whereas monazite is monoclimc. 
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tmSA. GOH'N*. Urie. Barnstoff XTrenoxyd-ammoiiiah — Tliisr eubstance, iso- 
meric 'witlx ammonium-cyanate and wifii eai’bamide, and forming the chief organic eoa- 
Btituonb of luimaii imna, tras first obtained, in an impure state, as Extractum na^o- 
iiaccuM urmtp, byEouelle the younger, in 1773, and afterwards prepared, in nstate of 
gi’oatoi' pimty, by Jfourcroy and Vauquehn, in 1799 IVohler, in 1828 (Pogg. 
Alin XU 253. xv. Cl 9), obtained it by molecular transformation of ammonium-eyanato, 
audit has been further examined, chiefly by Liebig and Wohler (dnd. xx. 372), 
Dumas (Ann. Cb. Phys. [2], sliv 273), Pelonze {tbid. [3], ti 66), Marcband 
(J, pr Ohein xixiv. 248; sxxv 481), Worther [ibid, xxxv 61), Heintz [ibid. 
xlu. 401), and Millou (Compt. rend, xxvi 119) 

Urea le contained lu the urine of all mammiforous animala, especially in that of the 
flosh-oiUei'S, in Bmaller quantity also m that of birds aud of reptiles; and in the 
renal secretions of sonio auiniak of tho lower orders. It is found in small quantity 
in the blood of man and of other animals in the state of health ; sometimes also in 
the perspiration, in the amuiotic bquid, in morbid exudations, and even in the tissues. 
It forms an essential constituent of the vitreous humour of the eye (about SO per 
cent, of tho solid substance, according to Millon), and bas lately been found by 
Wurtz (Ann Ch. Pharm. xovm. 287) in the chyle and lymph of various animals Its 
presence in the animal economy is due to the transformation of tlio tissues under the 
infinenoo of oxygen absorbed in respiration , it is, in fact, the last term ni the series of 
organic products of osdation of the nitrogenous tissues 
Urea is produced urtifleuilly ; — 1. By the sponhiueous transfurmation of ammonium- 
cyaimte. A solution of this salt, uhen recently prepared, oxlubits tho reactions of 
oyaiuo acid , but when heated, or left to ovapowte, it is converted into ui'oa. Sulpho- 
cyanato of ammonium heated with oxido of silver is first converted into oyanate of 
ammonium, and then into urea — 2 Prom cyanamide, CN-ff, by assumption of 1 at, 
TOtor, the ebango taking place on adding a drop of mtric acul to the aqueous solution. 

8. It IS obtained ns a product of the decomposition of many organic bodies of com- 
plex constitution • e.y., of creatine, guanine, uric acid, aUantoin, &o. 

Urea IS commonly regarded as identical with carbamide, , and, ooiiso- 

quently, the processes which give rise to this latter compoiuid are generally spoken of 
as modes of formation of ureo. Such are tho reactions of gaseous ammonia on chlo- 
ride of carbonyl, of aqueous ummonia on etliyho aarbonate (i. 7o2), aud the doenm- 
position of oxamido by heating with mercuric oxide (Williauison, Mbnoires du 
Congris seimtif. de Venise, 1847) : 

JJi(C=0“)"H< -e BgO « N\CO)''ff + CO* + Hg. 

Oxiiinide Cai bamlUe. 

But urea, though it exhibits most of the characters of an amide, espocinlly iu being 
resolved into carbonic acid and ammonia by the action of acids aud alkalis, novoitheless 
does not appear to react like an amide under all cirenmstonoos Tims, it has been 
lately shown by Wanklyn .md G-amgoe (Ohoin Soe. J xxi 23), thit urea, when 
heated with a great excess of potassium-pormangauate m presence of much caustie 
potash, gives off the whole of its nitrogen m tho form of nitrogon-gas , whoieas, when 
ammunimn-salts and amides are similarly heated, tlio whole of tho nitrogen is oxidised 
to nitric acid Heiico Wanklyn and Gamgee regard urea as constituted differently 

from carhamidc, and represent it hy the formula C-i NH* , which is that of morsh- 
l OH 

gas huTiiig 2 at. hydrogen replaced hy imidogen, one hy amidogen, and the fourth by 
(HH* 

hydroxyl. Carbamide may he represented on the same type as Cl N1I=, and Cyanate 
( 0 " 

of ammonium as C 

Pnparation of Urea — 1. Prom urine. — The urine is evaporated to dryness over tho 
wator-batli , the residue is exhausted with alcohol ; tho solution again evaporated, and 
the rosidiieoxhanstedwithobsoluto alcohol- theresulting solution yields, by evaporation, 
slightly coloiired nioa. — Or uriue concentrated by oynpoiution, or by le,aving it to freeze, 
IS triatpd with nitric or oxahe acid, which throws doini a precipitate of nitrate or 
oxalate of urea. The oxalate may be decomposed by chalk, which forms insoluble 
Calcic ox.ilate, leaving the urea in solution (Borzchns). The nitrate of lu-ea is 
decomposed lu aqueous solutiou by carbonate of b.irium or potassium , tho greator 
part of tho resulting nitrate of barium or potassium is removod by evaporation and 
ciystallisatioii , and the urea remaining in solution is piiinfied by repeated erystalUsa- 
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2. !From cyanate of ammonium.-r-ThB arhfleial preparation of nreafrom this 
salt yields aluttoh batter product than the preparation fcom urine Cyanate of potos- 
wuniis decomposed by sulphate of ammonium, and the resulting sulphate of potassium, 
which is very little soluble either in water or in alcohol, is separated from the urea 
formed by transformation of the ammonram-cyauate, which is very soluble m both liquids. 

The following methods give good results : — a. A mixture oil|28 pts. dry and pul- 
verised ferrocyanide of potassium and 14 pts. mangancso-peroxide is heated on an 
iron plato ; the solution ahtamod hy exhausting the mass with cold water is mixed 
with 20^ pts dry sulphate of ammomum, the hijuid is decanted from the precipitated 
sulphate of potassium , and tho remaining portion of that salt is removed, as far as 
possible, by evaporation and cooling. Tho solution is then evaporated to dr^ess, and 
the urea is extracted from the residue hy boilmg alcohol (Liebig ). — P Cyanide of 
potassium, prepared by^ melting 8 pts. of the dehydrated ferrocyanide with 3 pts. 
carbonate of potassium, is converted into cyanate by adding 16 pts. minium to the 
melted mass. This salt is then dissolved out by water ; the solution is mixed with 
a pts sulphate of ammonium; the sulphate of potassium is removed as before, tho 
filtered liquid is evaporated to diyness , and the residue is exhausted with boiling 
alcohol (Olemm, Ann. Oh. Phorm. Ixvi. 382). The alcoholic aolutiou of urea obtained 
by either of these methods frequently eontains a certain portion of undecomposed 
ferrocyanide, which, however, may be easily removed by earofal addition of ferroso- 
fen'io sulphate — y According to L 'Williams (Chem Soe. J. xxi 64), a bettor and 
more abundant product is obtained by digesting cyanate of lead, at a gentle heat, with 
an equivalent quantity of ammonium-sulphate, and evaporating the filtered hquid, 

Pri^ertMS.— Prom a pure aqueous solution, urea generally orystalhses in long 
flattened prisms without termmal faces ; hut when the alcoholic mother-hquors, 
still coutoiniiig a few impurities, are left to evaporate, the urea is obtained m 
slightly yellowish quadratic prisms, terminated by octaheiial faces frequently the 
combination ooP . P . oP is found at only one extremity of the prism. Angle ooP 
coP = 90°, ooP . P = 139° , P : P = 82° ; ooP oP = 90°. Tlim has a coohug 
taste, lihe that of saltpetre. It dissolves m its own weight of cold water, m all pro- 
portions of hot water, and is also very soluble in alcohol (in 6 pts. of cold and 1 pt 
of boiling alcohol), but nearly insoluble m ether. It melts at 120°, and decomposes at 
higher temperatures. 

Seoomposttions. — 1. Under various eircumstances urea takes up water, and is re- 
solved into carbonic anhydride and ammonia ; 

+ ffO = CO» + 2Nm 

This decompOBitiou takes place when urea is heated with water in sealed tubes to 
temperatures above 100° , or when it is boiled with potash, hme, or magnesia, or 
warmed with strong sulphiino acid, or evaporated with solution of lead-aoetate , also 
imder tho mflueneo of oaone, in prosenoe of free allcali (Q-orup-Besnnez, Ann. Oh. 
Pharm. oxxv 307), also by eteotrolysns. (Schlagdonhanffon, J. Pharm. [3], 
shv. 100 ) 

2. In many oases urea gives up only half its nitrogen in the form of ammonia, the 
other habf tatangthe form of cyamo or cyanunc acid • 

OOHW = OOHN + NH« 

Thus a solution of urea evaporated with rutrate of edmr, yields oyauata of silver and 
nitrate of ammonium (Wohler and Liohig) — ^Urea heated with phosphono anhy- 
dride yields phosphate of anunonium and cyanic acid, together wiUi cyanunc acid, 
ammeUde, &c ^Urea heated olone to 160° — 170° is converted into biuret and cyan- 

2COH*N^ = + NH» 

3COH^N» = WH-W -1- 3NH«. 

Urea. Cyannric 

But if the temperature be kept down to afewdeffloes'above the melting-point, a white 
amorphous residue is obtained, consisting, according to Gorhardt {Tiaati, i. 406), of 
melauurenic acid (Gerhai'dt’s ammelino) 

4COffN’ = OWHW + CO* + 4Nm 

Urea Melanurenlc 

acid 

Urea heated to 146° — 160° with phenol also ^elds biuret, together with phenato of 
ammonium. (Baeyer, Ann. Cli Pharm cxxxi 261.) 

Eydroehlorate of urea heated to 146° yields chloride of ammonium and cyannric acid, 
(Do Vry, Ann. Ch. Pharm. Ixi. 249.) 
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Wlieti chlorine is passed over melted urea, hydrochloric acid and nitrogen are evolved, 
and there remauia a mixture of sal ammoniac and cyamuic acid (Wurtz. Md. Ixiv. 
3071: 

6GOHW + 301* = 2C*0“H?N> + dlffi'Cl + 2HC1 + 17*. 

3 By other roagmte urea is resolved into carbonic anhydride, water, and free nitro- 
gen, Thus, with nitrous acid or niereiirie nitrite • 

COffN* + B=0» - CO* + 2H*0 + 2N*. 

Similarly, hy hypochloraus add (or chlorine in presence of water) HuA hypochloriies ■ 
COH*N* + 3C1HO .= GO* + 3HC1 + 2H*0 + N*. 

The decomposition of urea hy excess ci potassium-permanqanate in presence of a con- 
siderahlo quantity of caustic alkali has been already mentioned (p 960) , under these 
oireumstances, the whole of the nitrogen is evolved in the free state, 'Wien, on the 
other hand, a smaller quantity of permanganate is used, so that a portion of the urea 
escapes the first action of the permanganate and remains in contact with the manga- 
nate of petassium formed hy the reduction of Uie permanganate, part of the nitrogen of 
the urea is oxidised to nitno acid. (Wanklyn and Gamgee ) 

i. Brea heated with ethyho oxalate to 136° — 170° for several hours in a sealed 
tube, yieldsoxamide, ethylio allophunate, and alcohol (Grabowski, iom. OL 
Phmm cxxxiv. 115). 

2C0H*N* + C*0*(C*H»)* = C*0’H'N* + C*H*N*0>(C*H*) + (C*H“)HO 

Urea. EthvHo oxu- Oxsmldo. EUiylic Rllopba- Alcohol 

6. Brea heated with 3 pts.fl«i/iji« to 160°— 170° gives off ammonia, and forms di- 
phenyl urea' 

COH*N* * 2(C“H»)H*N ■= COH*(C*H*)*N* + 2NH*. 

Tlie reaction is analomus to that hy which triphenyl-rosamline is formed from rosa- 
nihne and aniline. (Baeyer, Ann Ch Pbarin. ciii 281.) 

6 Brea treated with chtortdes of acid radicles yields compound ureas containing 
those radicles, e.ff • 

COHW + C^H’OOl = HCl + C0H’(0*H’0)N*. 

Urea Clilorl.lcof Aietyluicu 

acetyl 

7. "With a%7io cyoimfc urea oombmoa directly, forming the compound C*H"N^O* 
[=>C0H*ljr* + 2CO(C*H.*)N], isomeric with creatine, and already described as di- 
ethyl-txioarhonyl-tetramide (ii. 665). 

8. When urea and quercetw add axe mixed in aqueous solution in a certain propor- 
tion, direct combination takes place, but wiGi excess of urea, o yellow decomposition- 
product is foimed. (Pfaundler, Ann. Ch. Pharm cxix. 213.) 

Detection and Estimation of Urea. 

Pure urea is easily recognised hy its behaviour when heated. To detect urea in 
animal fiuids. (he nlcohohe extract is precipitated with nitric acid, and the precipi- 
tated oryetalline lumiiua are examined with the microscope-goniometer, to ascertain 
whether they exhibit the characteristic angle (82°) 

For the quantitative estimation of urea, especially in uilue, sevej'al methods 
have been propoaed.—Prooipitation of the alcoholic extract with nitric acid, and 
weighing the nitrate of urea dried at 100°, does not yield exact results — Bunsen’s 
method of estiraoUou is based upon the resolution of urea into Carbouic anhydride and 
ammonia. The urea is mixed with solution of bariura-ehloride containing ammonia ; the 
filtered liquid is heated in a sealed tube to 220° — 240° , and the carbonate of barium 
produced by the decomposition is Weighed (Ann. Ch. Pharm. Ixv 376 , Jahresb. 
1817-lS48,p 989)— Bagsky(Aiin Ch.Pharm lvi.92)autlHeintz (« Ixvi 114) 
evaporate the liquid with sulphuric acid, treat the black residue with water to dissolve 
out the resulting eulphate of ammonium, and weigh the ammonia as ohloroplatinate — 
Millon (tdnf, Ixviii. 370) decomposes the urea with a solution of mercuric nitrite, sJid 
determines the carbonic anhydride thereby evolved, by absorption in a bulb-apparatus 
containing potash —S'eubaupr(Jalmesb 1863, p 702) effects the same decomposi- 
tion in an uppaiatus like that of Presenius and Will for estimating oarbonic acid 
(i 38), and determines the loss of weight resulting from the escape of the carbonic anhy- 
dride and nitrogen together. This loss of weight, multiplied hy 0 884, gives the quaii- 

Liehig’s volumetric method (Ann Ch. Pharm Ix-xxv 370) is based upon the 
preeipitability of urea hy mercuric nitrate, and further on the cii'cumstance that the 
w bite precipitate thereby produced is not decomposed, and therefore not turned yellow. 
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ty cftAonata of sodium 2 vola. urine are mixed mth I vol of a baryta-aolution pre- 
pared -with 2«rols. baryta-water saturated in the cold, and 1 vol. of a solution of 
barium-niti’ate also saturated in the cold, the liquid is filtered from the precipitated 
sulphate and phosphate of barium ; and a graduated solution of mercuric nitrate is 
added to a measui'ed quantity of this filtered liquid (about 16 e c ) till a sample talceu 
out gives a yellow precipitate with carbonate of sodium It is convciiiout to dduto 
the mercuric solution to such a degree that 1 cubic centimetre of it shall correspond to 
O'Ol gim of urea. 

Bunsen's method and that of Bagsky and Heintz giro rery exact results , those 
obtained by Millon’s and Neubaner’s methods ore less satisfactory Liebig’s volume- 
tric method is easy and quick of execution, and the results are veiy exact, when cer- 
tain necessary corrections are made. (See UniHE, p 96G,) 

Compounds of Urea. 

a With Acids. — My dr o chi or ate of urea, OOHW HOI, is produced, with evolu- 
tion of heat, by the action of hydrochlorio acid ^as on uvea. The product is a yellow 
ml, which solidifies to a crystalline mass on cooling It is decomposed hy water, and 
even by moist air, and is resolved by heat (at 145°) into sal-ammotuac and cyauuvio 
acid (p. 962). 

Niti ate, OOH*N“.HHO®.— This salt, the most characteristic of the urea-com- 
pounds, IS moderately soluble in water, but only very slightly soluble in nitric acid. 
Hence a erystalhne precipitate is obtained on adding nitric acid to moderately dilute 
solutions of urea, and a concontrated solution solidifies with nitric acid to a crystalline 
pulp Nitrate of urea separates in those precipitations in shining laminae, which 
apjiear under the microscope as rhombic or hexagonal plates, tha acuter angle of 
ivliich 82°, By slow evaporation, or hy cooling of a warm aqueous solution, it is 
sometimes obtained in well-aefined prisms It is more soluble m hot than in cold 
w.it6r, and dissolves also in alcohol. It is decomposed by heat (at about 140°), and 
detonates when suddenly heated 

Oxalate, 2C0H*N'‘ C’0*H’.— Tliis salt separates in tbm crystalline laminse, mostly 
grouped in tufts, when a solution of urea is mixed with a concentrated solution of 
oxaho acid. It dissolves easily in hot water, less easily in cold water, still less in 
alcohol it is precipitated from its aqueous solution by excess of oxahe acid 

According to Loschmidt (Wien Akod. Ber h [2], 7, 384), oxalate of urea orys- 
talhses lu monoolinic usually tabular prisms, oxhibitmg the combination [ ooPco ] . 
oP . «P , [o 5P2] . [P«] . -i-P . -e2P<». Axes a d • o = 1 : 0 66415 . 0 49062. 
Angle h-o = 82° 10', feoPo.]. coP = 112° 12', oP -H 2Poo = 119° 4', 
t»P +2Pco = 184° 16 . The crystals cleave perfectly parallel to + 2Pai . 

The crystalline forms of several other nroa-salts have also been examined by 
Loschmidt (Wien Akad. Ber lu p], 238, Jahresh 1868, p 657) — The, /lima? afe, 
2(J0HW aoid inaleate, 00HW.C^H''0^, neutral mateate, 2COHW 0'H*0^, 

odd malaie, COH''N®.0'H®0‘, and succinate, 2COH'N’ 0*H“0^ crysUlhse in moiio- 
ciiuio forms , the gedlate, OOH'N’ 0’H“0*, in monocliiiie hut nearly rectangular 
prisms j tha parahanate, COH*N^ O'H'N'O', and the tartrate, 2COH*rr' 0*H*0“, in 
rhombic forms ; and the ertrate, 200H'‘H'.0'‘H‘0', in shining, six -sided, tridinio 

^ With Metallic Oxides — On adding moist silver-oxide to a solution of urea, a 
grey powder is deposited, made up of fine needles, and containing 200H*N*.3Ag'0. 

ilerouTic nitrate added to a solution of urea mixed with potash, forms a white precipi- 
tate containing OOH-'N® 2HgO — Merourw chloride forms in the same solution a white 
precipitate, 2COH^N“ 3HgO, which turns yellow in boiling water. On adding mer- 
rm 1C oxide to a warm solution of urea, the compound COHW HgO appears to bo 
produced 

7 Witli Salts — A solution saturated in the cold with equivalent quantities of mua 
and sodium-oMonde, yields, on ovMoration, shining, well-developed, monoclinic prisms 
of the compound COH''lir-,lS'aCl Il'O. — A. boiling very concentrated aqueous solution 
of 1 at sodium-nitrate mixed with 1 at. urea, deposits, on coohng, long prismatic crystals 
of the compound COffNMlaNO“.ffO Urea likewise forms ciystallisabla compounds 
with tile nitrates of potassium, calcium, and magnesium, chloride of cadmium, and 
luorouTic chloride. 

With nitrate of silver, urea forms the two compounds, COHWAgNO" and 
GOH’N'“.2AgNO’. The former is obtained in large rhombic prisms, when solutions 
of urea and silver-nitrate are mixed together, either cold or warm. The second sepa- 
rates in prismatic crystals, hy evaporation in a vacuum, from a solution containing an 
excess of the silver-salt 

S. With Nitric Anhydride and Mercuric Oxide. — Mercuric nitrate added to 
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a solution of mea fomB a -whito precipitate, the composition of -which -vniios aceordiiig 
to ciieumstances. 'When tho two solutions are dilute, and mixed wWo tv-arni, ihe 
floceiilent precipitate formed at first quickly changes to a white granular powder 
containing ‘iCOII’N* N'O^-lHgO When a solution of mercuric nitrate is poured into a 
solution of urea as long as a precipitate is formed, and this precipitate is exposed for 
some time to a temperaturo of 40° — 50°, it is tiaiisformed into a mass of six-sided 
shilling laminsB, consisting of 2C0H'N*.ll-^0’ 3HgO Lastly, when a solution of 
nitrate of urea is mixed with an acid solution of mercuric iiitrato till turbidity ensues, 
the liquid deposits, on standing, crystalline crusts made up of small tabular crystals of 
the compound GOH’HMil'O" 2HgO. (Liebig ) 

The composition of these three compounds is not yet definitely fixed, it is not known, 
indeed, whether they contain mercuric oxide and nitrate of lu'ca, or urea combined 
•with morcurio nitrate and morouric oxide. 

Svhstttution-derivaUves of Urea. — Oompoiind Ureas, 

These bodies hare already been described as carhamidos ^i. 763). They must, how- 
erar, be regarded as derivatives of uroa, not of carbamide, if carbamide and urea are 
really distinct compounds , for those which contain acid radicles are produced by the 
action of acid chlorides upon nrea itself, and those containing aleoliol-radicles are 
obtained by processes exactly analogous to those which yield normal urea — viz , by 
the action of ammonia on cyanic ethers, or of amino bases on cyanic acid or cyanic 
ethers. Corresponding derivatives of carbamide might he produced by the action of 
amines on phosgene or on carbonic ethors, but tho reaction does not appear to have 
been tried, 

Ureas containing two atoms of alcohol-radicle are likowise formed by tho action of 
water on cyanic others, an amino being produced in tho first instance, and then com- 
bining with tho rest of the cyanic etlior , thus 

CO^C'H*)N -I- H=0 = CO» + 

COCGwjN + (C»II»)ffW - COH*(C»H*)=N=, 

Ethyllc Dletliylurea 

Ulethylurea is also produced by distilling the oily body, formed by the 

action of potash on oyanurm other (ii. 293) 

C»H'’N*0» = CO(C‘H*)N + COH^(C’Hs)W. 

Ethyllc Dlcthyluroa, 

Polymeric ureas containing ethylene are produced by the action of cyanic aoid ortho 
oyanio ethers on othyleno-diamiues (ii. 595) 

(C^HTHWCP + 2COAgN = 2AgCl -f C“0“H»(C«H<)"Nb 

Chlorldeof elhy- Cy.mateof Etliylone-ured. 

lenc-dlAinmonluro siher. 

The properties and reactions of the compound ureas are analogous to those of urea 
Itself. They mostly crystallise in deliquescent 'prisms, easily soluble in w.iter and in 
alcohol, They form crystallisablo compounds with nitric acid, hut on the whole do 
not unite with acids so easily as normal urea Those which contain only 1 at. 
alcohol-radicle are resolved by heat into cyanic acid and an ammo-base Dimetliyl- 
uroa and diothylurca are volatile ■without decomposition j or, rather, they are repro- 
duced, dm'ing tho distillation, by the combination of the products (cyanm-ie ether and 
etliylamine, for example) resulting from their decomposition in the earlier stage of the 
process 

TJBEII9SS. Compoimds containing tho elements of a urea-salt minus water (See 
Ubio Acid, p. 958 ) 

TTBEtr. This name has been applied to tho group CH^IiO, which, by substitution 
for 1 at. hydrogen in ammoma, may he supposed to form uroa, *^^2 |n, and, by 

substitution for 2 at. hydrogen, biuret, | ggOj 

tm&TRAlH'X'XiAig'II. Syn with Amilio CiRBAmM 

URETCHASTE. A name first apphed to ethylio carbamate, afterwards extended 
to aU carbamio others (i 769). 

TTRETBYEAWn. Syn with MmHYi.iQ CARBAmTE. 

VBXC ACXS. Ijitlm and Bamsanre . — This important and w.is 

discovered by Scheolo in 1776, hut was first submitted to a minute examination by 
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X'lebig and Wohler in 1838 (Aim Ch. Pharm. xsvi 241 ). Its reactions and trans- 
formations naYc also been examined by Brugnatelli (Ann. Oh. Phys [2], viii. 
201). who diBCOYOred alloxan ; by Prout (Ann Phil xiv 363), who discovered mnr- 
exide; further by Gregory (Ann. Ch. Pharm xxxiii 334, lx. 267), Schlieper 
(jitd. It. 262; Ivi. 1, Ixva. 231), Pelouze (Ann. Ch. Phys. [3], vi 71), and, more 
espoeinPy of late yeai'S, by Baeyer (Ann. Ch. Pharm. crrvii. 199; cxxx. 129 , cxxxv 
312, Jahresb. 1863, p. 621 , 1864, p. 632; 1866, p. 382), who has discovered a con- 
siderable number of new derivatives of nrio aci^ and given the most complete and 
connected account of the uiio acid group of compoimds yet published. 

Uric acid is a product of the incomplete oxidation of animal tissue. In combination 
chiefly with ammonia, it forms the principal imnaiy constituent voided by insects, 
land-raptdea, and birds (whence it is found m gnano). Normally it occurs, but m 
small proportion, in the urme of man, and is found in yet smaller proportions in that of 
carnivorous quadrupeds, and can scarcely be said to exist in that of herbivorous and 
omnivorous quadrupeds 

According to various authorities, it is constantly present in the juices of the 
human spleen, liver, lungs, and brain. The merest traces of it are also met 
with normally in blood , but in eertam forms of disease, such as albuminaria, and more 
especially gout, its proportion in the blood becomes very appreciable. In certain 
cases of gout, indeed, all the fluids of the body are found more or lass saturated with 
uric acid, and some of them even supersaturated, so as to deposit the concretions of 
sodium-iu-ate, commonly hnown as Aalk-stones Lastly, tho excess of it, oecm-cing 
under greater or less derangement of bodily health, is frequently discharged by the 
kidneys, and deposited in tho form of urinary sediment, gravel, or calcidus. 

No artificial method of producing uric acid has yet been discovered. 

Preparation. — The best material for preparing urio acid is the excrement of serpents. 
This substance, which consists chiefly of ammonium-m-ate, is boiled with dilute 
potash or soda-ley, till completely dissolved ; and the filtered solution is supersaturated 
with hydioohloric or dilute sulphm’io acid, whereby the urio seid is throim down as a 
floooulent gelatmous precipitate, which soou becomes crystalline. Potash is better 
adapted for the purpose than soda, because m'ate of potassium is much moie soluble 
tlinn urate of sodium. 

Urio acid may also be prepared from guano, by boibng that substanco with a dilute 
solution of borax (1 pt, borax to 120 pts water), whereby asolutionof sodium-urate is 
obtained, and precipitating witli hydrocblonc acid 

PropoHm — Uno acid precipitated by hydrochloric add is anhydrous, and forms 
small perfectly white orystalhne scales When slowly deposited fi'om dilute solu- 
tioua, It sometimes separates m large crystals containing 0‘H'‘N^0’.2H''0 It is nearly 
insoluble lu water, 1 pt of it requmng 16,000 pts. of cold and 1,800 pts of boiling 
watei to dissolve it , in alcohol and ether it is quite insoluble. Concentrated snl- 
phxmo acid dissolves itabundantly when heated, and the solution, on coohng, deposits 
a very deliquescent compound, containing C‘N*H''0“.4SO<H.^ nccordmgtoPritzsohe , 
C^N'E^O’ 2SO^H’, according to Lowe (BuU. Sec. Chim. 1867, i 442). Water added 
to tho solution precipitates the uric acid 

Pcoompontions — 1 Dry uric acid, when heated, decomposes without melting, givmg 
off hydroejanic acid, yieldmg a subbmate of cyauuric acid, cyanatc of ammonium, 
urea, and carbonate of ammonium, and leaving a carbonaceous residue — Una acid 
heated with water for some time to 180°, undergoes a decomposition, the chief product 
of which IS mycomoho neid (Hlasiwetz, Ann Ch Pharm cm 211) 

C“N-'H^O=' = eWH^O^ + CO 

An alkaline solution of uric acid boiled for a considorable time yields uroxanic acid, 
together with formic acid, oxalic acid, and urea. — 3 Uric acid fused with hydrate of 
potassiim, gives off ammonia, and leaves a residue contammg oxalate, caihonato, and 
cyanate of potas.sium 

4. Dry uric acid is not attacked by dir ohhriae at ordinary temperatocs, but when 
heated in tlio gas, it is decomposed, yielding cyanic acid together with other products. 
When ehlorino acts upon uric acid m presence of water, alloxan and parabauic acid 
are produced in the first instance, and ultimately carbonic acid, oxalic acid, and am- 
monia. According to L. Hardy (Ann Ch. Phys. [4], li. 372), uric acid suspended 
in water is couvoited by homine, at ordinary temperatures, into alloxan and urea: 

C^N^H^O* + Br° + 2H’0 = G'N^'H^O* + CN’H^O + 2HBr. 

If the mixtiu'e becomes heated during the reaction, parahaine acid, oxalic acid, and 
bromide of ammonium are bkewise produced. Ckhmne and iodine act in hko manner. 

Most oxidising subbtances convert imc acid into aJloxau or parabanic acid , when 
boiled with water and pet oxide of had, it yields aUantom — With cMoivus acid, it 
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yields, according to Scliiel(Aim. Ch. Pharm. csii. 78), a. cUorinattd^acid called 
chloralurio acid (i. 884).— O^one is quickly atsocbad by itiio acid, forming allaii- 
toin and urea, together mth other products (Gorup-Besanez, eltzd. ex. 433). 
Uric acid boiled with a solution of pitomiam^femcganiae containing caustic potash, 
yields carbonate of potassium and aUantoin, part of which is ultimately converted into 
lantanuric acid and urea 

Detection and Dstimaiton.—Vna acid may be recognised by its insolubility m 
water and in hydrochloric acid, and by its crystalline character under the microscope 
(generally rhombic Ubles with the obtuse angles rounded oif, and often associated with 
dumbbell-Bhaped crystals*), and especially by its reaction with mtric acid. On 
moistening it with nitric acid, and evaporating at a gentle heat, a yellow or reddiMi 
residua is obtained, which assumes a fine violet-red colour when treated with ammonia, 
and Tiolet-blue with potasli (murexide and purpui'ate of potassium, iv 748) Another 
veiy delicate reaction is given by Schiff (Ann. Ch Pharm. cix. 66) The uric acid 
IS dissolved in cai bonate of iodiim, and a drop of the solution is laid on paper mois- 
tened with adversohdion ; if nrio acid is present, a brown spot is formed, carbonate of 
silver being reduced by uric acid at ordinary temperatures. 

For the quantitative estimation of uric acid in urine, the liquid is mixed with 
hydrochloric acid, and left to stand for twenty-four hours, and the pulverulent deposit 
of m’io acid is weighed. (See ITbiw, p. 967). 

tlrates. — ^TJrio acid is dibasic. Its suits are but sparingly soluble in water, much 
more easily in alltalins liquids, especially when, heated, freely soluble also m solutions 
ofborax. They have been examined chiefly by Ben sell (Ann Oh. Pharm liv 189, 
liv 181). 

Acid urata ofammomzem, CWH’(NII^)0’, is produced whenever uric acid and 
ainmoma come in contact, and usually forms a white amorphous mass, but is deposited 
ill fine needles fi'oni a solution containing excess of ammonia It dissolves in 1,800 pts. 
of cold water. This salt occurs, together with free ivric acid, in the excrements of 
birds and serpents The neutral ammonium-sftlt is not known 

Dotassium-aalts. — Ihti neutral salt, is obtained by saturating a 

cold dilute solution of potash, free from carbonate, with uric acid, and boiling down 
the solution in a retort. At a certain degree of coneeutratton, the salt is deposited in 
flue anhydrous noodles, which may bs purified by decanting the clear liquid and 
washing with dilute alcohol It dissolves in 44 pts of cold and 36 pts. of boiling 
water , the solution is slowly decomposed by boiling Tho salt has a oaustio taste, 
and quickly absorbs carbonic acid from tho air. — The aoid sidt, is preci- 

pitated in a granular form on passing carbonic acid gas through a solution of the 
neutral salt It dissolves in 800 pts, of cold and m about 80 pts. of boiling water, 
from which solution it is d^osited, on cooling, in amovphona flocks 

There are two urates of sodium — ^theneutral saK, containing C*Sr'‘H“Na“0® H“0 
and the acid salt, O’N'H'NaO®. Both are less soluble than the corresponding potas- 
sium-salts. 

Dr ate of Lithium is more soluble than any of the other aUtalme urates • hence 
lithia-water is sometunes presoribed to gouty patients, and others who suffer from a 
superabundance of that acid. 

Urates of Darium.— The neutral salt, C"N''‘H*Ba"0«, is obtained by adding uric 
aoid to a boiling saturated solution of baryta, keeping the latter m excess. One pt. of 
it dissolves in 7,900 pts of cold and 1,790 pts of boiling water. — The acid salt, 
C' ’is[*H‘'Ba"0“, produced by boiling uric acid with water and carbonate of barium, la a 
white powder, insoluble in water and in aleohol. 

Urates of Strontium. — These salts are prepared like the harium-salts — The 
neutral salt, C“N''HWO“.2EPO, appears under tho microscope as a mass of fine 
needles grouped in stars. It absorbs moisture from the air , givea off its water of 
crystallisation at 166°, decomposes at 170° , dissolves in 4,300 pts. of cold and 1,790 
pts of boiling water — ^The md sali, 0“N'fl*Sr''0" 2H*0, is white, amorphous, inso- 
luble in alcohol and in ether. One pt. of it dissolves m 603 pts. of Cold and 276 pts. of 
boiling water. 

Urates of Oalcium — Thaneutral salt, Cy'II''H?0a"O'', is obtained by dropping a 
solution of the neutral potassium-salt into a boiling solution of calcium-ohloride till a 
permauont precipitate begins to form, and boiling fie solution for an hour , urate of 
calcium IS then deposited in anhydrous grams, soluble in 1,600 pis of cold and 1,440 
pts. of boiling water — The aoid salt, O^NtHW'O* 2H^O, separates, on mixing 
chloride of calcium with a boiling solution of acid urate of potassium, as an amorphous 

* These crjsliUs have been supposed to consist or aimnionluni-oxaluriito, but their nature has not 
been oXact>r ascsttshied. 
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precipitate, soluble in 603 pts of cold and 276 pts of boding water, much more soluble 
in water coataimng clilotido of potassium 

Urate of Magnes%iim. — The neutral salt is not known. — ^The acjiZ salt, 
C'°N“H“lflg"0''.6Il’0, separates, after two or three hours, from a nuicture of magne- 
snun-Bulphate and acid potassmm-urate, in silky nodules, which often float at the 
surface of the liquid The solution of these nodules in boiling water deposits needles, 
which at 170° give off 19'2 per cent, water of erjstaEisation, corresponding to rather 
lees than 6 at H’O. 

Urates of Copper. — The CK^no salt is a green precipitate, which turns brown 
svhen boiled with water. A solution of une aoid in potash produces, in an alkaline 
cupric Bolution, a white crystallme precipitate of cu^om urate, which is permanent in 
the au’, IS decomposed by hydrochloric acid, yielding uric acid and cuprous chloride, 
does not undergo any alteration m hot water or potash-ley, but when boded with the 
alkaline cupric solution, 16 converted into red ciiproua oxide (Berlin, J. pr Ghem. 
Ixxxi. 18+) Babo and Mei ssner (Jahresb. 1868, p. 639) have applied this reac- 
tion to the volumetric estimation of uric axad , hnt the results do not appear to he very 
trustworthy. 

Urate of Lead, C‘"N'®H“Pb''0", iaohtained — ^by dropping a dilute solution of neu tral 
potassium-urate into a boiling dilute solution of lead-nitrate, separating the yellow 
precipitate which first foitns, and adding a fresh portion of the patasBuun-ealt to the 
filtrate — as a white amorphous precipitate, apparently anhydrous, and quite insoluble 
in water and in alcohol. 

Urate of Silver is a white amorphous precipitate, which qmckly suffers reduction. 

Ethtiubio Aoids. (Drygin, Jahresh 1864, p 830.) — ^Neutral urate of lead 
heated with excess of ethylio iodide to 100° for 24 hours, or to 120° for 12 hours, 
yields— ^together with iodide of lead— two ethylio derivatives of uric aoid. namely, di- 
ethylurio acid, C'’11^H"(C*H‘)’0*, and triethyliinoacid, C*N*H(0*H*)*0’, which 
may he separated by cold ether-alcohol, the latter only dissolving therein. 

Thethyluno add, the most abundant product of tbc reaction, dissolves in water and 
in alcohol, but not in ether, remains as an amorphous mass when its alcoholic solution 
is evappiated, and orystalbsas from hot water in broom-eliaped groups of short obtiiive 
needles, which sublime with difficulty. It dissolves m cold potash-ley, and is preci- 
pitated therefrom by liydrooliloric acid, in amorphous flocks which tmui rod after some 
tune It IS decomposed by heating with dilute hydrochloric acid, but the products 
have not been exummed Iodide of ethyl converte it into the tnethylated compound. 

Tnethylurio acid is soluble in ether, alcohol, and hot water, crystallises in small 
slender needles, molts when carefully heated, and sublimes very easily. It dissolves 
in potash, and is precipitated therefrom by hydrochloric aoid in white needles. When 
heated with hydrochloric acid it gives off gas, and yields a product having the compo- 
sition, hut not the properties, of diotliyluric acid. 


Froducts formed from line Aoid hy Omdation, ^o 


tTi'io acid is remarkable for the facility with which it is altered by oxidising agents, 
and the great number of definite and crystallisable compounds obtained in this 
manner, or by treating the immediate products of oxidation with aoids, alkalis, re- 
ducing agents, &o. The foUowmg is a list of the principal compoiiuds thus produced : — 


Uno acid . 
Eseudo-urio aoid 
TJroxanio acid 
Alloxan . 
AUoxamc acid 
Alloxantin 
Barbituric acid . 


G‘N'H»ObH 

C'N-H“0< 

0»NWO’.3H'O 
C‘N=H“0» 
iC'N='ffBrO»H 
: eWH^Br^O' 


Violurie acid . 

Dilituric acid , G'N^H^OMI 

Violantin . GWH"0" 

Dialurio acid H 

Bramil . C'N'’H'>0= 


Thionunc acid 
Hydurilic acid 
Allantoiu 
Glyoolunl . 
Mycomelic acid 
Oxolmue acid 
Allanturie acid 



Leucoturic acid 
Parabanie acid 
Dibarbitune acid . 


0 <N»H»0'S.n“ 

GWH<0“ 

GWH»0> 

CWHW 

OWH>0».n' 

CWIPO’-H 

OWH'0= 

GWH=0».H 

G“N'H“ObH 

0«N‘H»0».H 

C»N“E=0' 

G“BEI'‘0’.H» 

G«N«H«0« 

C'0»H* 


When nno acid is subjected to an oxidising agent, in presence of water, it gives up 
two of its hydrogen-atoms to the oxidising agent, while the dehydrogenised residue 



958 UEIC ACID. 

(wheli may te called deliyduiic acid) reacts with water to form mesi^alic acid 
a“N®0“ + 4H=0 = C«H'0‘ + 2C»r‘’H‘0. , 

Dolivdiirlo Mesovalic Urea. 

Tho sepamtion of the area generally tates place, however, by two stages, the first 
portion being removed more easily than the second , thus, when dilute nitric acid acts 
upon uric acid, alloxan is produced , aud this, when heated with haryta-wator, is tiir- 
thor rosolyod into niesoxaUc acid and urea . 

CWH=0» + 2H»0 =. CW>=H»0< + OTH'O. 

Dcliviluric Alloxan Urea 

+ 2H=0 = G»ffO= + CN*H<0. 

Alloxan. Mcsoxnllc Urea 

Moreover, tho urea is fteqnently resolved into carbonic acid and ammonia by the 
action of the acids or alkalis present. 

Alloxan IS amonnreide of mesoxalic acid — ^that is to say, it is a compound of that 
acid with one atom of urea minus 2H®0 , and tho hypothetical dehydurio acid is the 
diurelde of the same acid, derived from it by addition of 1 at. urea and subtraction 
of <t at water Kow, by hydrogomsing mcsoxahc ncid, wo obtain tartronio acid, 
C’H'O”, and by hydrogenisiug allox.iu, we obtain dialuric aoid, wlnoh two bodies, 
accordingly, bear to tvrie acid the same rehition that mosoxnlio acid and niea bear to 
dehydiu'io acid : thus — 

O'HW 

Mesoxnllc AUosnu. 

add. 

Tartronlc Ulalurlc 

acid acid. 

And just as tho hypothetical dehydtmc acid yields mesoxahc ooid aud alloxan, so should 
actual uric acid yield tortronic and dialurie acids. These bodies, however, have not 
been obtained by the direct breaking-up of mie acid, but only by rehydrogonismg 
the mosoxalio acid and alloxan which result from the breaking-up of its dehydro- 
genised product. 

Provisionally, however, diulurie and uric acids may be regai’ded as tarti'ou-ureido 
and tartron-dumoide, respectively. 

The several bodies just mentioned are typical of three well-defined classes of com- 
pounds, to one or other of which an immense number of uno ooid products may be 
referred. Krst, there is the class of simple non-uitrogenons aoids, or an-nreidos, 
like tivrtiomo and mesoiaho acid ; secondly, there is a class of bodies containing a 
residue of the acid pins one residue of urea — these are the mon -lire ides, such as 
clialimo aoid and alloxan ; and, lastly, the class of bodies containing a residue of the 
acid plus two residues of urea, or the di-ureides, such as uric aoid itself. 

Mesoxalic aoid, the most complex non-mtrogenous product obtainable directly 
from nrio acid, constitutes the third term in tho followmg series ; 

Jn-tcrei^es. 

CH’O’, Carbonic acid, 

C“H*0', Oxalic acid, 

C•H«0^ Mesoxahc acid, 

each of which contains 1 at. caihome oxide, CO, more than the preceding. Mow, 
when mesoxalic aeid is acted upon hy nascent oxygen, its excess of caibonie oxide is 
removed m the form of carbonic dioxide, and it is thus converted into oxalic acid : 
C‘HW + 0 = CO’ -t C’H’0< 

Mesoxalic Oxalic 

acid. acid 

Hence, when uric acid is subjected to a more active oxidation than that whicb siifllcee 
to produce mesoxalic acid, wo obtain oxalic acid, which may occur either in its simple 
anureido state, or conjugated with 1 at, urea to form a mouuieide, such as, para- 
hanic acid, or with 2 at urea to form a diureide, such as my comolic aoid, a body 
related to oxahe acid just as line acid is related to mosoxalio acid. 

In like manner, when muc aad is subjected to a still more powerful oxidation than 
biifflccs to produce oxalic acid, we obtain carbonic acid, which, like oxalic and mog- 
oxalic acids, is also capable of giving nse to ureides. No iiruido of carbonic acid 


O'N'H’O’ 

Dehyilmlo 

Uric add 
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has, inclepd, yet beau fanned directly from, uric acid, the active treatment required to 
effect the completo omdatiou of the unc acid producing also a separation &om one 
another of the resulting carbonic acid and urea, which, however, maybe obtained jn 
combination by other means. Allophanic acid, for instance, is a monuroido of 
carbonic acid ; but no diureide of this acid appears to have been yet produced 

Alloxan, the monmeido of mosoxahe acid above mentioned, is formed from mes- 
oxalate of urea by elimination of 2 at. water , hut there is another monnreide, 
namely alloxanic acid, which differs from the original salt by only 1 at water. 
Similarly, oxalic acid forms two momiroides — namely, parabanic acid or paraban, 
analogous to alloxan , and oxaluric acid, analogous to alloxenic acid. Gaihonio 
acid, however, forms hut a single ureide, whidi is produced by the elimination of only 
1 at. water, and accordingly belongs to the same senes as the oxalnrie and alloxanic 
acids thus — 

Aiyiia. Vreidea. 

CII*0=, Carbonic. C*NWO*, Allophanio acid. 


C’ffOh Oxalic. 


Oxalnrie acid. 
JCWffO>, Paraban 


G’H’0» McRoxalio (C'N'H-'O*, Alloxanic acid 

G it O , JVLesoxahe |c-Jir=iH*0^ Alloxan. 

Similarly, among the diuroides, some are formed from the corresponding monureides 
by elimination of one atom, and others by elimination of two atoms of water. 

Mesoxalie acid, as already observed, is convertible, by deoxidation or hydrogenation, 
into tarti'onio acid, and by pushing the deoxidation n stage further, malonio acid is 
obtained, both of whieh acids are capable of forming monureides and dmreidos ; and, 
in n similar manner, oxalic and oarhomo amds furnish a variety of similar deoxida- 
tion-products. 

Of the numerous compounds belonging to the luic acid group tlius produced, the 
most important are inoliided in the following table,* which is divided perpondioularly 
into three columns of an-ureides, mon-nreides, and di-uraidos, and horizontally into 
three layers of carbonic, oxalic, and mesoxalie products. The compounds connected by 
dotted lines differ in composition from one another by an excess or deficit of one atom 
of urea minus one atom of water, while those standing on the same level in idle ad- 
joining columns, and unconnected by dotted lines, differ from one another by an excess 
or deficit of one atom of urea mums two atoms of water — 


An-tireidcs. Mon-ureides J)i-^re%dea, 

CffO», Oaibonie. Allophanic. 


G>N2H•0^ Acoturea 
Glycolunc. 

esH'O^ 

Glyoolliof 0*N^HW, Hydantoin. ' 

C“H'‘0^ Glyoxylic. " , Lantanunc 

, - ' " ' Oxaluric. 

C-H’O’, GlyoxaUc." 

C“II“0^ Oxahe. ' ' C’N’H^O”, Parabanic. 


.CN’H'ba, GlyoolnriL-. 
'C*N*H»0»,Allantoin. 

Myoomebc. 


O’H-iOS Malonic C'NTOO", Barbituna 

O’ffO*, Tartronio. C*WK*0*, Dialiina-.. 

CWH'iO*, Alloxanic. 

C'H'O', Mesoxalie.— — Alloxan. 


CWB[''0, Hypoxanthina 
a"J!PH<0“ Zanthuie. 
G'N^O", Uric acid 

Pseudo-uric. 


Between some of the consecutive monureides shown in this table, there exist bodies 
formed by the union of the two consecutive monureides, with elimination of water 
Such IS the mode of formation of allituric, lantanunc, and hydurilie acids, 
and of alloxantin; thus. 


C8N<H"0* - 



Bydantoln. 


C“ir’H<0» - H'O. 

Bantanuna 


1 Animal ChomiBtry ” (London, 1806) p 
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Hydurlllo 
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CWH^O’ + C"N’ffO“ - H'O. '■ 

Lmtanuric 

CWH^O* + OWH^O< - H>0. 

Bai-blturlc DIalurio 

acid. acid. 

0*N=H’0* + - H=0. 

Ulalurlc Alloxan, 

acid. 


A11 the compounds aljove formulated are described in their alphahetdcal places, 
except barbituric acid, glycoluril, glyeolurio acid, end some derivatives of aeetyluroa 
or acetureide. 

1. Oxalio Monureidcs. — Q-lycoluno neid, C’N’H“0’, appears to be identical with 
Baey er’s hydantoie acid (iii 177). 

The barmim-salt of this acid is produced, together -with urea, by heating glycoluril 
(p, S61) with baryta-water : 

CWH»0“ + 2ffO CWH»0» + CN’S'O. 

Glycoluril. Glycoiurlc Urea. 

The urea, however, splits up, in presence of the baryta, into oarbonio acid and am- 
monia, so that carbonate of barium is deposited and ammonia given ofif. 

The glycohirate of banum remains in solution, and by decomposing this solution 
with dilute sulphuric .loid and evaporating tho filtrate, glyeolurio acid is obtained in 
transparent crystals. Its dilute solution, treated with silver-oxide in excess, yields an 
nlkiilmo hqnid, wbiiJi gradually deposits a silver-salt, C’N''II‘AgO’, in fine pearly 
scales and warty tufts of wliite needles, on acidulating with nitric acid, or adding 
nitrate of silver, the pearly scales are deposited immediately (B h e i n e o h, Ann . Ch 
Pharm, cxxxiv. 219 ) 

Lantannnc acid, CWH-iO*, is probably identical with the allantmio acid of 
Pelonze (i 1S2), and with difflnan (li 322). 

The relations of lantanuric and oxaluiio acid to one another, and to another 
urio acid product called oxaluramide (iv 277), are the same as those of hydrogen 
and water to ammonia • 

H.H, hydrogen. . . . C’N'*H’(H)0’, lantaniirio acid 

H.HO, water . ... CWH^HOIO’, osalunc acid, 

ammonia .... oxalwaimde. 

Trihromocetylurea, C>N’ffBr*0^ = 0N«H«(C®Br‘0)0, is deposited from a 
solution of dibromoharbituric acid saturated with bromine, after standing for twelve 
hours, or more quickly on agitation, in colourless prismatic needles : 

0ih»H’‘Bi:»O» + H»0 + Br = + 00’ + HBr 

Tho same compound is separated by chlorine from a solution of dibromobarbiturio acid. 
It is sparingly soluble in cold water, easily soluble in alcohol , its vapour or powder 
strongly irritates the mucous membrane of the nose and eyes. It melts at 140°, with- 
out decomposition, to a coloip’less liquid, which solidifies at 123°, and when more 
strongly healed, gives off an oil (probably tribromaeetamide), which sohdifios on cool- 
ing, while oyanurio acid remains hehiud. Tnbromacatyluvea is decomposed by boil- 
ing with water, acids, or alkalis, yielding nroa, carbonic acid, and hromoform, the for- 
mation of these products being, however, preceded by that of an intermediate acid, 
probably C''N’H’Br“-B?0 — A solution of tribromaertyluioa in ammonia becomes turbid 
imtnediatoly ou boiling, with separation of hromoform , and the filtrate, wlien eoneen- 
fiated by ev.aporatiou, deposits long needles of isobiuret, G*N®H“0’.H’0, which 
melts at 183° (biuret at 177°), but resembles biuret in other respects. 

Moiiobromacetylnrea, O’bPH’BrO’ •= Gfr’H’(G’H’Br0)O, is obtained by mix- 
ing 3 pts. urea with fi pts. bromide of bromacetyl, and recrystallising the product, 
from dilute alcohol, in needles, which dissolve sparingly in cold water, and are decom- 
posed by water at the boiling heat, also by alkalis. Ammonia converts it into glyeoljl- 
ui'ea (hydantoin, in. 177), or into oxauetylnrea (glyeolurio acid) . 

C]sr=H«(G’H=BrO)0 = OH’H’CG-Tl’Oy'O + HBr. 

Mn.macetj'lurea. Gljcolj'lureo. 

ON’H’(C’H-'BrO)0 + H’O - ON’H’'[C’H’(HO)0]O + HBr. 

Broinacetyhireti. Oxacetylurea 

2. Oxaho Binriidcs.— Allaiitoin and niycomelic acid are deseribod m their 
slpliabeticul places 

Glycoluril, C'H’II'O* is deposited lu octahedral crystals, when a solution of 
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allantoin, in^bout 30 jote. irater, is acidulated -with sulphuric acid, and keatcd with 
Bodium-amalgam containing about 1 per cent, of sodium. It contains 1 at. oxygen 
leas than aUantoin. When boiled with baryta-water, it is resolved into glycolurio acid 
and urea (p. 960) (Rheineck) 

3. Mesoxalm Mcrmrddes . — The most important of these compounds appear to be 
alloxan and barbituric acid. Alloxan, tlie first discovered product of the artificial 
oxidation of uric acid, has recently been recognised byLiobig, as apre-formed con- 
stituent of urine. When treated with bromine, it yields dibromobarbituric acid, con- 
vertible, by successive dehydrogenation, into bromobarhituno and barbituric acid, 
which last may be regarded as a sort of nudeus of the following series of compounds : 


Metoxalw Mmureidea 


OWWCKOYO’ 

C‘N“H“(Br’)0> 

C‘N=H»(Br)0> . 
C‘N»H>(h6)0> 

0WH'‘(H»NS0'')0> 

C‘N»HTO0)0’> 

0*N»H*(N0»)0« 


AUozanie acid 
Dibromobarbituric acid. 
Barbituric acid. 


Dialuric acid. 
Dromile. 
Thionuric acid. 
Yioluric acid. 
Dihturio acid. 
Tiolantin, 


This last body, violantin, appears to be, not a residuary, but a completed compound 
of violuno and dihturio acids. The mutual relationship of barbiturio acid, dialurio 
acid, and uramile in this subgroup, is strictly parallel to that of lantanuric acid, oxalurio 
acid, and oxaluramide in the oxalic ^up. Moreover, malomc and barbiturio acids are 
homologous with oxaho and parabanio acids respectively. 


Sibr omobarbituno acid, or Sromoiioran,CIWH’Br*0*. (Baeyer, Jahroab. 
1863, p 634; 1864, p 632 ) — This compound is produced by the action of ’ 
violunc, dihturio, or hyduriho acid, according to the eijuations ; — 

0WH>(N0)0’ + Br‘ = 0‘N*H»BriO* + NOBr 


C‘N‘H»(N0»)0’ + Br' = OWH’BriO* + NOBlr + HBr. 

Dlllturic BCid. Dibrnmobar- 

bllurlc aold. 

0WH“0« + ffO + Br* = 0‘N*H'BriO« + 0WH«0< + 4HBr. 

Hydmillc DmromobMbl- Alloxan 

To prepare it, hydurilic acid (iii. 220) is triturated to a paste with nitric acid ; bro- 
mine IS added as long as it is taken up, and the solution is warmed, whereupon it 
gives oflf nitrous aoid, and deposits dibromobarbituric acid. 

Itt this raaotiou the hydurilic acid is first converted into violunc or diliturio acid, 
which is thou transformed into dibromoharhiturie acid, as above. 

Tins acid crystallises in colourless brilliant plates or prisms, belonging to the tri- 
matrio sy.stem. It is soluble in water, very soluble in hot alcohol and in ether. Whau 
boiled in aqueous solution, it is quickly decomposed into hydrobromio acid and alloxan ; 
but it may be crystallised easily from nitric acid, which doos nob decompose it it 
dissolves readily in alkalis, yielding compounds which are easily decomposed by heat, 
with loss of part of their bromine, 

A solution of dibroiuobarbiturie acid, digested with metallic eim, loses half its bro- 
mine, and IS converted into bromobarbituric acid, C^N'H'BrO”. 

By svlfhxjiric acid, in presence of water, it is reduced to dialurio acid . 

+ ffS + ffO = C^NWO* + 2HBr + S. 

Dlbromiibarbi- Dialuric 


With a small quantity of hydnodia aoid, it yields hydurilic acid: 

2C'N“ffBriO’ + 6HI = C»N<H»0* + 4HBr + 

Dlbioraobatbl- HjduriUc 


+ 2HBr + ar. 


VoL. V. 
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A solution of dibromobarbituric acid, saturated TTitb bromine, deposit^ crystals of 
tribromaoetyl-urea (p. 960). 

HarhUiiHe acid, C*U“H‘0* 2!E’0, crystallises in beautiful prisms, or sometimes 
in plates or needles, belonging to the trimetric system, sparingly soluble in cold, easily 
in hot water. 3^ fuming mtrio mvd, it is converted into dilitiirio acid (ii. 9G6) , by 
fotassie nitrate into potassic violnrato; anihy iromme, into dibromobarbituric 
acid. — When boiled with caustic potash, it gives off ammonia, and yields mnlonato 
of potassinm, whence It appears to have the constitution of malouyl- 

CN’‘H*(C’H»0n"0 = eH'O' + ON'-'H'O - 2H'0. 

* Miilomo Urea. 

acid. 

Barbituric acid is dibasic, and forms chiefly acid salts, which are obtained by treat- 
ing the corresponding acetates with barbituric acid. The neutral load-salt is ohtomed 
by preeipitation with neutral lead-acetate. The foUovnng have been analysed • 
Barbiturate of Ammonium . 0'N’H“(M[*)0’. 

„ Potassium. . C‘N»H’KO». 

„ Sodium . . CWH*K=0».2H*‘0. 

„ Barium . . CWH'Ba"0“.2ff0. 

„ Copper . . C“ir‘H'Gu''0®.3S»0. 

„ Lead. . . CN^HWO". 

Dibarbitunc aetd, C»N*S'0» - 2CWH<0“ - ffO.— The ammoniim-salt of this 
acid. 18 formed by heating barbituric acid with glycerin to ISO". The acid itself 
is separated by hydrochloric acid from its potassium-salt, as a white nearly inso- 
luble powder 'It is dibasic, and its acid salts arc sparingly soluble in water, and 
mostly amorphous. The neutral dibarbiturates of altali-metal are easily soluble in 
water, and are precipitated by alcohol 

Liharbiturie acid, treated with bromine and water, is transformed into yellow crys- 
tals of hydrohromate of dibromodibarliiturio acid, GWH'BriO'.HBr, whioh, 
in contact with water or alcohol, are converted into white crystals of dibromodi- 
harhitnrio acid, , this acid crystallises from hot water in large oolour- 

leS3 crystals containing 1 at water. 

4. Mesotoalie Dmutdes . — The relationship between the three mesoxalio diureideS — 
hypoxanthiue, or sareme, CWS'O; xanthine, C*N®0®; and uric acid, 
C'N'H'O* — though long suspected, from the similarity of their formnlm, has hut 
roeontly received an experimental demonstration at the hands of Strecker and 
lEheineck These chemists have shown that hypoxanthmo is converted into xanthine 
(j.u,) by oxidation with nitric acid, and, conversely, tliat uxio acid, by deoxidation 
with sodium-amalgam, yields a mixture of xanthine and hypoxanthine Xanthine is 
doubtless a monuroide of barbituric and a diureido of malouie aeid, in the same sense 
that line acid is amonnreide of dialuric, and a dinroide of tartronio acid 

Psowlo-nrio and uvoxanio acids have the composition of hydrates of urio acid, 
tfroxanio aeid, C‘N''‘H‘"0“ = 3H-0, is actually produced by the fixation 

of water on uric acid, its potassium-salt being formed by boiling uric acid for a long 
timeinpotash-ley. Psoudo-nric acid, CWH*0‘ » (iv 744), is 

not produced by direct oxidation of uric acid, but results from the combination of 
CTaoie acid vapour with nrannls or araidoharbiturio sucid, (p. 961). 

For just as cyanic acid converts ammonia into anomalous cyanate of ammonia, or urea, 
so does it convert the residue of ammonia contained in uramile, into a residue of urea, 
thereby changing the amido-monm-oide into a simple diureide, thus • 

C-'N’*H'(H'N)0» + CNHO =. CWH“(0N‘'H*O)O or CWH“0‘. 

acia.° urio'^dd. 

tmxifAa? cAXiCtn,!. \ 

vaXHARir PXGlKSN'rs. I See tho next article.' 

tmiKTAKir SEDIBIENTS.j 

_ URXKrs, The secretion of the kidneys, the chief fluid excretion of man and of tho 
liigher aniinuls The healthy urine of man is a clear, yellowish, fluorescent liquid, of a 
peculiar odour, saline teste, and aeid reaction, having a mean apeeiflc gravity of 1 020, 
and generally holding in snsponsion a little mnens. 

Normal Oonstituente — Water— 2. Inorgamo salts : potassium, sodium, 
ammonia, calcium, magnesium, in combination witli hydrochloric, phosphoric, snlphu- 
lic (nitric, carbonic) and silicic acids. The ash contains iron — 3 mtrogenous crystal- 
line bodies- urea, uric acid, hippniie acid, creatinine, xanthine (ammonia) — 4. Non- 
ntirogenmis organic bodies sugar (m minute quantities, Briicko, Benoe-.Tones); 
lactic, succinic, oxalic, formic (malic), and pheny he acids. All these are found m small 
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quantitioa ; indeed, their nomlal oecurreiice can hardly he said to be certain. — 6. JSVee 
gases . oxygen, nitrogen, carbonic acid. In 100 c.c. of imne, Planer found 0-87 N, 
0 06 0, 4 54 free OT, 2'07 fixed CO®, measured at 0° 0., and 760 mm. . 

6. • o ’ ’ itances have been described, by various observers, as 

urmat - . (Ann. Gh Pharm. Ivii. 180), by decomposing, -with, 

bydrooblono acid and alcohol, the precipitates formed in urme by neutral and basio 
acetate of load, obtained colouring bodies of variable composition. Harley (Wurt. 
Verdbl V. 1) has given the namo urokamatm to a dart-rod, amorphous, resinous 
substance, containing iron, readily soluble in alcobol, ether, fresh imne, and alkalis, 
but insoluble in water or acids, which he obtained from m'ine. — According to Thndi- 
chum (Brit. Med Journ. Nov. 5, 1864), there is but one normal urinary pigment, 
urooh-orm, an amorphous substance, of a pm-e yellow colour, easily soluble in water, 
loss so in ethei', very dilute acids, and alkalis, and least of aE in alcohol — Schunk 
(Pioo. Eoy Soo. XV. 1) behoves that human nnna contains two peculiar and distinct 
extractive matters (pigments), one soluble in alcohol and other, of the composition 
C™H"NO®; the other soluble m aleobol, but insoluble in other, and of the composition 
C“H-'NO-“ . be regaids the results of previous observers as being the products of 
greater or less decomposition 

In various diseases spontaneously ocomi'ing deposits of urates are often highly- 
coloured of a red or rose-red hue. The pigments in such cases, known under the 
names of rosacio acid, purptinn, uroeigthnn, hove at present been little studied 
The urine of man and of many animals (dog’s nrino contains a very large quantity) 
contains in health a small quantity, and in some cases of disease a very largo amount, 
of a substance which was oiiEed by Heller uioxarUhin, biitwhichbas been shown by 
Sohuiik to be xndican Presh urine is precipitated with neutral and hasio acetate of 
lead, the filtrate treated with ammonia, and the resulting precipitate washed, suspended 
IE alcohol, and submitted to sulphuretted hydrogen. The filtered alcoholic solution is 
evaporated at a low temperature. It may bo fm'tber purified by ddntion -with water, 
agitation with fresh hydiatod oxide of copper, filtration, treatment with sulphuretted 
hydrogen, and renewed filtration. By the aehou of acids, mdi^-blne and indigo-red, 
with which most probably the woglaumn and urorhodin of Heller are respectively 
identical, may be obtained. The same change probably takes places through the 
natural decomposition of urine under certain conditions, for indigo-blue has been 
observed to occur spontauoously m urme on exposure to air. (Hassall.) 

Harley regards aU these matters ns derivatives from his urohaematin. Thudiehum 
denies the existence of indioau, and states that his iirochrome yields, under various pro- 
cesses of decomposition, a black or broivn powder, urovidanm (and a red resin), the 
latter consisting mainly of wojnttin, insoluble, and oimcMw acid (Seharlmg’s omich- 
myl-oxide), soluble in other, — and passes by a simple process, probably of oxida- 
tion, into uroerythriu HassaU, however, was able to convert the blue pigment mto 
isatm and aniline, and Sohunk states that both the brown powder and ream are pro- 
ducts from ludicau. 

7. Jlhuminoid Mailers and Fermenta. — ^If urine be mixed with four or five times its 
bulk of spirit, and a watery extract be made of the resulting deposit, a solution is 
obtained which is not precipitated by nitric aoid, and which, on boEmg. gives a pre- 
cipitate of phosphates only, but, especially when concentrated by evaporation, shows 
the xanthoproteic and Millon’s reactions very distinctly. The same solution rapidly 
converts starch into sugar. By treating urine with phosphate of calcium (see Eepbut, 
Saliva), ferments may he obtained capable of acting on starch, and of digesting alhu- 
jninoid matters. 

8. Extraotma and other Matters. — CoUoid acid of Marcet (Proo. Eoy. Soc xiv. 1). 
Decolorised luine is concentrated, treated with baryta, filtered, dialysed for 40 hours, 
again concentrated, and treated with basic acetate of lead, avoiding an excess. The 
lead-salt thus obtained may be decomposed with sulphune acid. Schonbein is led 
to believe that urme normaEy contains a trace of peroxide of hydrogen. TTruio is said 
to contain unoxidised sulphm' and phosphorus. 

Occasional or Abnormal Constituents. — ^E7oO(7, the corpuscles being either 
entire and forming a sediment, or destroyed, and their hsemoglobin altered Paa, 
mucus, spermatic fluid, &o Albumin. In most iustancos the albumin of albuminous 
mine seems to be identical with senim-albumm In some oases heat alone, m other 
cases nitric acid alpne, fails to produce a precipitate In a case of MoUtiies osavim, 
Bence-Jones found m the urine a peculiar protein-substance, which was congulated 
by nitric aeid in the cold, but redissolved on applying heat, reappearing, however, on 
cooling. Fibrm in bloody, and especially in tiie so-caUed" chylous " urine. Casein, 
or alkaline albuminates. Fats, cholesterm. Leucine, tgrosine (in certam hepatic dis- 
eases). j4Kafito»ii (in youngchildren). Cgstine, xanthine, taumie. (?7i«;o6e (m diabetes 
and in smaller qiinutitios in various chronic diseases). Inosiie, acetone, alkapton, 
3 02 
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lactio, acetic (?), metacetomc (?), hatyrie, val^iamo (?), hememe, mc<^ic, oxalic, 
cxalurw, taurocholic, glycocMio, cholic acute, Bikary fiymenta, mdigo-blue, melanm 
These are products of metamorphosis ; but the urine is also frequently the bearer of 
matters derived directly from the food. Of the substances which are capable of being 
absorbed from the alimentary canal into the blood, some reappear in the nnne un- 
changed, while others are more or loss altered, the changes being, with some exceptions, 
those of oxidation. Thus, there have been recovered from urine (in most instances, of 
course, in small quantities) arsenic, antimony, bismuth, copper, chromium, gold, iron, 
lithium, lead, mercury, silver, tin, zinc. The following suhstanees also ai'e said to 
pass unchanged' — alkalme carbonates, sulphates, nitrates, phosphates, borates, chlo- 
rates, silicates, chlorides, iodides, bromides ; salts of calcium, magnesium, and barium ; 
Bulphocyauate and ferrocyanide of potassium, urea, leucine, hippuno acid, creatine, 
quimn6(f), morphine, etrychnine, atropine, alcohol (?)_, sulphovinates, sulphomethylates, 
Bulphoamylates ; gnllie, pyrogallic, amsybe, cnmaric, curainio, camphoric, and pine 
acids, together with several pigmentary and odonferoiis matters. The ammoma-salta 
pass unchanged, or ore partialljr converted into nitrates. Tree organic acids (oxalic, 
citric, &o.) are unchanged; their neutral salts, however, are converted into carbonates ; 
nialio acid, as malate of caleium, becomes succmieacid (Meissner) Sulphur and 
aUceline sulphides and sulphites are changed, in part at least, uito sulphates. Sulphur 
taken in hy the skin is said to give nee to xanthine. Eree iodine becomes alkaline 
iodide Tannie is changed into gallic aoid Benzoic acid, hydride of benzoyl, cin- 
namic acid, qninio aoid, and mandelic acid give rise to hippurio acid. Nitrobonzoic 
acid is converted into nitrohippnric acid, chlorbenzoic into chlorhippurio, sabtybo 
into ealieylurio, toluio into toluric, anisic into nnisuric aoid. tJrio acid, allan- 
toin, aUoximtm, guanine, glycoeine, theme, and theobromine are said to ^ve rise to an 
increase of ntoa. Salicm is converted into salicylol, salioylio acid (safioylurio), and 
saligonin. Ferrocyanide of potassium becomes ferrieyanide. Indigo-blue is said to be 
reduced to indigo-white. 

Aoiiity of Unm. — Healthy urine has generally when passed an acid reaction ; the 
mean amount of acidity may be taken as equivalent to 2 grms. of oxalic acid m the 2i 
hours. The degree of acidity varies from time to time; it is lessoned duiung diges- 
tion ; indeed the urine may, after a meal, become alltobns. The acidity is due, in part 
at least, to the aeid phosphate of sodium, but the quantity of that salt present in 
healthy urine is msufflciont to account for tha whole of the acidity ; the rest is supplied 
by some free acid or acids — hippuno, lactio, colloid. According to Scherer, the 
acidity of urine exposedto the atmosphere gradually increases for several days, through 
an “acid fermentation,” in which the mucus and tha pigmentary and extractive matters 
take part , afterwards a species of yeast appears. This increase of acidity is, how- 
ever, denied by Bence-Jones. 

Alhahne Vnne. — Sooner or later, within a few days, or not until two or three weeks, 
the aoid gives way to an alkaline reaction, the urea becoming converted into carbonate 
of ammonia through a process of fermentation. This change is accompanied by the 
appearance of crystals of triple phosphate, confervoid gi'owths, and vibriones. It 
may take place almost immediately after the urine has been passed, or (in certain* 
diseases) even within the bladder The mucus has been supposed to act as a ferment ; 
but this is probably incorrect. It is much more likely that the, change is due to 
the action of a distinct ferment, perhaps an organic being. 

Table {after Tarlees) of the Amminta of the several Urmary Comtituents passed in 
Twenty-four Sours. 

By an average man of 66 ktloa Per I kilo, of body-weight. 

Water 1601 00 centimetres. 23-000 centimetres. 

Total sohds .... 61T4 grammes. '93 grammes. 

Urea 33'18 *600 

Uric acid -666 '0084 

Hippuno acid (Bence-Jones). '4 006 

Creatinine (Neubauer) . . '91 ^ '914 

Pigment and extractives . . 10 00 ' '161 

Sulphuric acid .... 2'012 0305 

Phosphoric acid . . 3'164 '048 

Chloriuo .... (8'21) 7'00 -126 

Ammonia '77 

Potassium .... 26 

Sodium ll'Oa 

Calcium -260 

Magnesium . , . , -207 
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Urine, being the vehida through which the body gets nd of by fur the gimter part 
of the solid matters resnlting team, or concerned m the Titd processes of meta- 
morphosis, naturally varies within the widest limits, as to both the absolute and 
relative quantities of its constituents, according to the condition, behaviour, and treats 
ment of the organism. The amount of urea passed dnnng a g^veu time is, taken 
relatively to the body-weight, increased m childhood and lessened in old age,; it is 
directly dependent on the quantity and qnalily of food consumed, and is obscurely con- 
nected with the labours of the frame (see JTnTBirioif, iv. 163). The uric acid is increased 
by food (especially by animal food), by exercise, by hindrances to the action of the skin, 
or to the function of respiration in general, and hy various morbid conditions. Hip- 
puno acid is increased hy vegetable food , in the horse it is said to be increased by 
work. Creatinine is increased by animal food The chlorides, sulphates, and phos- 
phates vary with the food ; the sulphates end phosphates are said to run, to some 
extent, parallel with the urea, and to be increased by mnsenlor work, and the phos- 
phates (especially the earthy phosphates) hy mental labour. For ftirther details con- 
sult Parkes, " The Composition of the Urine in Health and Disease.” 

Unne of other Animals. — ^The urine of carnivora in general is acid and clear, 
contains a large amount of urea, but only a smell quantity of uric acid That of 
herhivora is alkaline and turbid (from carbonates), contams hippunc but no iirio 
acid (unless the animals are starving or feeding on flesh), a large quantity of earthy 
carbonates, and but little phosphates. The unne of the d og is wholly or very nearly 
free from urio acid ; contains oynnremo acid, hippunc acid, a large quantity of indiean ; 
and, when the animal is feeding on flesh and fat, some succunc acid That of the 
horse is rich in hippurio acid and earthy carbonates, and contains a decided quantity 
of sugar. That of the cow contains from ’4 — 2 7 per cent, of hippuric acid (Hen- 
neherg), from it have been obtained damolic, damalnnc, and taurylic acids. The 
unne of the sucking calf is remarkable for the presence of allantoiu aud the absence 
of hippunc acid, a feature which disappears on weaning The urine of the pig is 
alkaline, and rich in allialine carbonates, clear even on standing for some time, but 
becomes turbid when heated, contains urea, but neither uric nor hippunc acid. The 
portion of the excrement of birds that corresponds to urine is rich in uric acid and 
urates of ammonia and hme. Urea is said to exist in the excrement of caruivorons 
birds. The urine of ophidians consists of uric acid, urates of sodium, potassium, and 
ammonium, some urea, and a little calcic phosphate. The urine of the Teatudo tabu- 
laia contains urea, urio and hippnnc acids, chlorides, sulphates, and a small quantity 
of pliosphates. The urine of the frog contains urea, chlorides, and phosphates. Uric 
acid has been found in the excrement of butterflies, beetles, caterpillars, and snails, 
and guanine in the excrement of spiders, and in certam organs of mollusca. 

TTrlnary Sediments. — Many specimens of urine exhibit, on standmg, deposits or 
sediments consisting of morphological elements, and of chemical bodies, orystalline or 
aniorphona. To the first class belong blood-corpuscles, pus- and mucus-corpuscles, 
spermatozoa,, epithelial soalos, oasts of theuriniferous tubes, &e. The members of the 
second class' are various and many — Vrat$$ (the ordinary brick-dust sediment) in 
amorphous irregular particles, round globules, and fine aciciuar eryshils, consisting of 
a great excess (82 per cent.) of nric acid, in combination with variable quantities of 
ammonia, soda, potash, and lime . — Uno acid, m Mystals of vanons shapes, mostly 
coloured, chiefly rhombic prisms and plates, sometimes thin hexagonal plates, dumb- 
bells (artificial only?). — Phosphates ammonio-phosphate of magnesium, in large, 
transparent, rhombic prisms, or penniform; phosphate of calcium, amorphous, or 
crystallising in very vanons shapes, often forming glomemles or rosettes, with lozenge- 
shaped or acicular elements, sometimes penniform. — Oxedate of caUmm, in octahe- 
dral crystals, or forming the “ dnmb-hell ” bodies — Casdmmte qfcalcum occasionally 
occurs in man, sometimes in the form of dnmh-hells. It is veiy abundant in the urine 
of the horse, in peouhar globular bodies, formed of concentric layers . — Simwna acid 
(uncommon), in acuminated needles or acicular crystals — Cystme, amorphous, or in 
transparent, colourless, hexagonal plates. — Lmcine, in peculiar round bodies, having 
a concentric arrangement, or in needles, or grannlar. — Tyroamc, in acicular heaps and 
rosettes — Xanthine, amorphous, or in small oblong plates (Benoe- J ones) — Choles- 
terin. — Sulphate of calcium, in acicular crystals, has been ohserved. (Valentiner.) 

Urinary Calculi. — In the pelvis of the kidney, in the ureters, in the bladder, and 
in the urethra are found concretions of very variable size, form, consistency, structure, 
and composition They are called urina/ry {renal, ureterie, vmcal, ureth dl) calcuh, 
aud are made up chiefly of the solid constituents of the urine. Sometimes homoge- 
neous, they are more frequently formed of numerous concentric layers, A central 
portion, the nucleus, may generally ho distinguished &om the external portions, and is 
sometimes formed hy a foreign body. 



URINE. 


TJrio acid, Tiiates of ammonium, calcium, potassium, sodium, and magnesium, phos- 
phates of calcium, of ammonium and magnosium, and of iron, carbonates of calcium 
and magnesium, oxalates of calcium and ammonium, luppurato of ammonium, chloride 
of ammonium, cystine, xanthine, forno oxide, silica, mucus, fat, blood, colouring and 
other extractive matters, have all been mentioned as constituents of urinary calculi. 
It is very unusual to meet with calculi formed exclueively of a single substance , many 
calculi are formed chiefly of nno acid, others chiefly of oxalate of calcium, but these 
generally contain at least a small quantity of other matters. The most common forms 
are uric acid with m'ates of ammoninm or celeiuro, ammonio-inagnesian phosphate 
■with phosphate and carbonate of calcium, uric acid with phosphates, oxalate of cal- 
cium with phosphates. Tho concentric layers are frequently distinct, not in appear- 
ance only, but also in composition ; and a curious alternation of material is at times 
observed, uric acid, for instance, changing place with urates, phosphates, oxalates, &o. 
A nucleus of uric acid is frequently surrounded by an external coat of phosphates, but 
a nucleus of phosphates with a coating of uric acid, &c., is never observed. The most 
external layers m many calcuh of various composition is apt to be phosphatio. The 
oxalate calculi (often called naJberry, from their peculiar form) are genondly the 
hardest, the phosphatio the softest. Oalculi of cystine are rare, those of xanthine still 

The following may he talcen as analyses of tho more typical forms : 


XTric acid .... fl2‘8 

Urates ... 8'2 

Ammonio-magnesian phosphate 
Extractives . . . . 1 00 ) 

Water . . . 3-00 ( 


84'69 
9 03 
1-12 
2 61 


Fhoiphatlc 

Uiate of sodium . i . 9‘77 

Calcic phosphate . . .34-74 

Ammonio-magnesian phosphate 38'36 
Calcic carbonate . . . 3'14 

Magnesio carbonate . . 2 65 

Extractives, &o, . . . 6'87 


Oxalate. 

Calcic oxalate . . 63'6 

Calcic phosphate _ . • 6'2 

Water and organic matters 30'3 


Analysk of Umus 

Dctormmatwn of Urea. (Liebig’s method.) Prepared urine (if albumin be pre- 
sent it must be separated by boihng; some urea will probably bo lost) two volumes 
of mine arc mixed with 1 volume of a “ baryta mixtme” (consisting of 2 volumes of 
baryta-water to 1 volume of a solution of barium-nitrate, both satmated in tho 
cold), and filtered — Urea-solution. 2 grms. of pure urea are dissolved in water, 
and the solution diluted to 100 c.c — MerourUd solution a concentrated solution of 
pure mewurio nitrate is diluted with four times its bulk of water. 10 c c of tho 
mea-Bolution ore measured mlo a beaker, and the mercurial solution is eloivly added 
from a burette as long as any precipitation takes place , a drop of the mixture is then 
let foil by a glass rod into a drop of a solution of sodie carbonate, placed in a watch- 
glass, or on a glass plate, over some black surface If the precipitate, which occurs on 
tile mingling of the two drops, does not become m a few seconds distinctly yellow, 
more of the mercurial solution must he added to tho mixture in the beaker, and the 
trial made again. As soon as a distmet yellow colour appears (the shade being noticed 
by the observer in order to guide him afterwards), tlie trial drops are returned into 
the beaker, and a little of the soda-solution added, until the mixture is only faintly 
acid. A drop is then again to he tried with the soda-solution , and if the yellow colour 
does not show itself, a small quantity of the mercurial solution must still be added to 
the mixture in the beaker, and trial made again When the yellow colour has been 
thus obtained, the total quantity of mercurial solution used is read off, it corresponds 
to '2 grm. mea. Tho marcurial solution itself is then diluted according to these re- 
sults, so that 20 O.C. of it corresponds to 10 grms. of the uxea-solution, t e so that 
10 0 0 . correspond to '1 grm. lu-ea. It is well not to add, at once, the whole of the 
water required , hut to stop a little short of that, and titrate again, since, practically, 
tho degree of dilution required is rather less than that suggested by calculation. 

Method . — Of the prepared urine, 16 oc, corresponding to 10 oc of the original 
urine, are poured out into a beaker or flask, and the mercurial solution is added until 
the yellow reaction, as described above, is obtained; the mixture is also m tho same 
way reduced in acidity, and trial made again. The quantity of mercurial solution 
usw wiH give the amount of urea in the 10 c.c. of urine. Unfortunately, the 
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reaction ia osaot only for fluide containing 2 per cent, of nraa , ita appearance ia pre- 
matura -wlien more, and ia delayed whan leaa than that percentage is present. If the 
prepared urine contains an excess of urea, double its Toluraeof the mercurial solution 
will have been used, and yet no reaction set in. Hence, if, on arrivmg at this point, 

1 c c of distilled water bo added to the mixture for every additional 2 c.o. of the mer- 
oui'ial solution employed, the proportion of urea will be maintained at 2 per cent , and 
the final result will be correct. Thus if, after the addition of 30 e.e of the mercurial 
solution to Ifi c c. of prepared mine, the reaction is not seen, 1 e.c. of distilled water is 
added, and the process continued Supposing the reaction finally sots in when 10 c c. 
more, or 40 c c in all, of the mereunal solution have been used, the 6 c.c. of distilled 
water, which have boon also added, wiU bring up the original IS o.c. of urine to 20 c.c ; 
the 40 c 0. of mercurial eplntion will have been employed on a fluid containing 2 par 
cent, of urea. If the prepared urine contains less than 2 per cent of urea, an approxi- 
mate correction may bn made by snbtracting 1 c.e. from every fi e.c. of the mercnrial 
solution that is run short of the normal 30 c c. Thus, jf with 15 e e. of prepared urmc, 
the yoUow colour is struck on using 20 c.e. of tlie mercurial solution, 2 c,c, (30—20 
= 5 y 2) are deducted, and therefore 19 8 c o taken as the correct result A further 
correction must be made for chloride of sodium, the presence of which delays the reac- 
tion. Wo may make an approximate correction by deducting from the quantity of 
mercurial solution employed 1 5 o c. — 2 6 c c., according to the quantity of chloride of 
sodium present Or wo may first remove the chloride. To 15 o c. of prepared urine, ono 
or two drops of solution of neutral chromate of potash are added, and a solution of 
nitrste of silver dropped in from a burette, untd the appearance of the red ehromate of 
silver indicates that the whole of the chloride has been thrown down ; tbo mercurial 
solution can tlion be at once used without removing the silver-precipitate. The re- 
duction in the percentage of urea, by the addition of the silver-solution, must of 
course be taken into account. Or two portions of prepared urine may bo taken of 
15 0 Q. each. One is neutralised with nitric acid, the mercurial solution added, and the 
point marked at which a permanent precipitate (a distinct cloud, not a more opales- 
cence) is produced. Tlie other is titrated m the usual way. Tlie number of o o, em- 
ployed in the latter, minus those employed in the former operation, will give the real 
quantity of urea It must be remembered that other nitrogenous bodies, creatinine, 
allnntoin, &c., are precipitated by the mereunal solution in the same way as nroa. 

Htnnts andliagskii’s Method — A given quantity (20 c e ) of urme is precipitated with 
tetrachloride of platinum, and the precipitate washed with spirit, dried, and 
weighed. Trom 2 to 6 o e. of the same urine (according to concentration) are he.it6d to 
180° — 200°, in a covered platinum or porcelain capsule, with an equal biUlc of sul- 
phurio acid , and after eoohng are diluted with water, filtered, and precipitated with 
tetrachloride of platmiun. Both precipitates are calculated for 100 o c urine, and tho 
former daduoted from the latter , the result multiplied by T3423 gives the percentage 
of urea, 

Baxetfs Method — A small quantity of nnno is poured into a graduated glass tuba 
a third full of mercury , the tube is then filled with a solution of sodio hypochlorite, 
rapidly inverted over a saturated solution of chloride of sodium, and left to stand 
sevDinl hours. The quantity of gas (nitrogen) given out is read off 1‘549 cubic iuehos 
of nitrogen at 60° B. and 30" bar. == 1 grain urea. 

TJric acid, ammonia, &p are in this method confounded with urea 

jBtmsm’s Method . — A given quantity of prepared urine is heated, at 220° — 240°, 
with chloride of banum m a sealed tube, .ind tho resulting carbonate of barium deter- 
mined 1 grm barmm-earbonate = '3041 urea. 

Brio Aciif.— To 200 c.c. of urine, 10 c c. of hydrochlorio acid are added, the mix- 
ture allowed to stand 48 hours in a cool place, filtered through a very amnU filter, 
on which the crystals are placed, washed, dried, and weighed. Tho wash-water 
should not exceed 30 c o ; if tho last drops stdl produce clondiness in a silver-solution, 
more must of course be used, and for every additional, cubic centimetre of wash- 
water used, -045 milhgramme is added to the amount of uric acid found. This correc- 
tion is a compromise between the loss arising from tlie partial solubility of the nrio acid, 

' and the gam due to the colouring-matter inseparably connected with the crystals. 
Has 3 a 11 (Lancet, 1867, May 6), has shown that the mixture of uric acid and pig- 
ment, which IS usually weighed as urio acid, varies extremely, according to the con- 
centration of tho urme, the amount of acid employed, tho time allowed for cryatallisa- 
tion, and the BniTO’indina temperature. If the urine contains albumin, this must 
first be removed by coagmation, with the very careful use of dilute acetic aCid, using 
afterwards strong acetic, instead of hydrochloric, acid to precipitate tho uric acid. 

Hippurie Aoid. — The urine is digested with animal ehareoiil (2 grammes 
to each 10 c.c), and filtered, 200 oc are evaporated down to 50 co, 20 e,c. 
of hydrochloric acid added, and the mixture allowed to stand for twenty-four hours 
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in a cool place. The hip™ri« acid which erystalliaes out is collected cri a weighed 
filter, washed with a stnaU quantity of cold water until the filtrate is colour! psa, dried 
at 100°, and weighed. The wash-water is coUeeted and measured, and for every 
6 e 0. of it, '01 gramme is added to the weight of hippuno acid, in order to correct 
the error due to that suhatance being slightly soluble in cold water. This process ia 
of course useless where uric acid is present. 

CreaHmne. — To 300 c.o of urine, rendered alialine with milk of lime, a solu- 
tion of calcic chloride is added os long as any precipitate occurs. The mixturo 
ia allowed to stand for one or two hours, and filtered. The filtrate and washings ai’O 
evaporated to diyneBS in a Water-hath, and, while still warm, treated with 30 or 40 
c.o. of alcohol, 96 per cent. The mixture, after standing for four or five hours in 
a cool place, is passed through a smaE filter, and the filter washed with small quantities 
of^ir, 

filtrate and washings — reduced in bulk, if necessary, to 40 or 60 ce, by 
being placed over hot plates — are mixed with 6 c.e. of a solution of chloride of sino 
(specific gravity 1-2, absolutely free from acidityl, and allowed to stand for three or 
four days in a Tery_ cool place. The crystals that appear are collected on a small 
filter, washed first with the mother-hquor, and then with small quantities of spirit, 
dned at 100°, and weighed. 100 pts. of zinc-eomponnd = 62’44 pts of creatinine. 

Alhttmtn — iFrom 30 to 100 o.o. of urine, according to concentration, are 
heated with the naked flamo, a drop or two of acetic acid being added, until the 
albumin istlioronghly coagulated, and the fluid capable of being filtered, The deposit 
18 dried at 120°, and over sulphuric acid, until it ceases to lose weight. Other matters 
are earned down with the albumin, hut these are insignificant. 

Sugar, — In diabetes, when the quantity of sugar is very considerable, the deter- 
mination may he made with the allcalme copper-solution, by the saocharimetor, or by 
fermentation. 'When the quantity of sugar is very small, the following process may 
be adopted- — A given quantity of urine (1000 euhio centimetres) is concentrated, and 
precipitated with sugar of lead and filtered , the filtrate is precipitated with acetate of 
lead and filtered. This second filtrate is precipitated with ammonia, the deposit 
suspended in alcohol, submitted to sulphydric acid, and filtered. The spirit fil- 
trate is evaporated, and its sugar determined in any of the usual ways. 

Chlorides. — In fresh urine, free from albumin, much uric acid, or mucus, the 
chlorides may bo determined with tolerable accuracy by the silver and chromate of 
potash method. 

P hosphat es may he determined by the uranic oxide process. 

Ammonia — Twenty oiibio centimetres of urine are placed in a shallow vessel, over 
which IS arranged another small shallow vessel containing 10 co. of a standard 
solution of dilute sulphuric acid; and the whole is covered with an airtight hell-jar. 
The hell-jar ia slightly raised, 10 c.c. of milk of lime quickly introduced into the 
urine, and the jar at once replaced In about 48 hours, the whole of the ammonia is 
disengaged from the urine, and absorbed by the sulphuric ooid. By titrating the sul- 
phurie acid after the experiment, and comparing it with the standard solution, the 
amount of ammonia is arrived at. 

BiU Aoids. — ^Urlne is precipitated with basic acetate of lead and a little am- 
monia; the preeipitate is washect boiled in alcohol, and filtered hot, the alcoholio 
solution is treated with a few drops of soda, and evaporated to dryness ; the residue 
extracted with absolute alcohol , the filtered solution reduced in volume, mixed with 
an excess of ether, and left to mystallise. Tho eiystalhno deposit is mixed with dilute 
sulphuric acid (1 to 4), and q few drops of a solution of oana-su^ added. The mixture, 
on being gently warmed, should give the purple coloration of Tettenkofer. M. F. 

UlcIWE, FTTBIBliB S&ET OS'. Sal urina fasibUis, — Ammonio-sodio phos- 

mtlN-E, SPXEtT OP. The solution of ammonium-carbonate, obtained by dis- 
tilling putrid urine. 

xr&ocHHomcE, tmoo-s-AMW, vnoEK'irpHRntr, tmooiAtTciH, 

tmOHffiWCATIII, XmontBEAmH, TmOPITPIir, TTBOKKOBIN-. See 

Ubinxet Pigments (p. 063). 

tntOBTEAEIXE (from ohpov, unne ; ov-enp, tallow ; and x£0oj, stone), — A fatty 
Bubstanco found in a urinary calcnlua. On evaporating the solution of the calonlusin 
carbonate 6f sodium, adding a little eulphuno acid, extracting with ether, and leaving 
tho ether to evaporate, theurosteahtewas obtained as a violet residue, which softened 
in boiling water without dissolving, was sparingly soluble in alcohol, more easily in 
ether and in caustic potash, less easily in ammonia and in carbonate of potassium. It 
softened when heated, and when more strongly heated gave off a thick smoke, and an 
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odour like that of banzoin and shellac. (Heller, Arch. f. Phys. u. pathol. Ohomie, u. 
Mikros 1845, p 1.) 

tntOXA.lTXC ACID. (Stiideler, Ann, Ch. Phaim. Ixxviu. 286 ; 

Ixsx, 119.) — product obtained by boiling uric acid wth. rather strong potash-ley : 

C»N®0» + 3H-0 = G»lir<H“0“. 

Other produota are formed at the same time— namely, lantanurio acid, urea, formic acid, 
and oxalic acid. 

On leaving the resulting solution in contact with the air, it absorbs carbonic acid, 
and slowly deposits acid urate of pohissiiim in the form of a white powder , but, after 
several weeks or months, tabular crystals of jiolassio uroxanato are formed, the urate 
disappearing at the same tame. By decomposing the solution of the uroxanato with 
hydrochloric or sulphuric acid, tho uroxanic acid is obtainod m indistinct prismatic 
crystals, or from warm moderately dilute solutions, in eolourless transparent tetra- 
h^ons. 

TIroxanie acid is slightly soluble in cold water, quite insoluble in cold alcohol. It 
is easily decomposed even by boiling with water, giving off carbonic anhydride The 
dry acid heated in a glass tube above 100°, gives off water and carbonic anhydride. 
If, however, the temperature he maintained at 180° till the weight of the residue 
hecomea constant, the acid is found to have lost 34 8 per cant of its weight, and a 
yellowish hygroscopic substance is left, called nroxil by Stadelar, and having the 
composition of uroxanic anhydride, G‘1T^H*0’ (whicli is also that of dialurate 
of ammonium). At a stronger heat, uroxanic acid melts to a broTO liquid, gives oflf 
ammonia, and probably also cyanide of ammonium, yields an oily distillate solidifjong 
as it cools, and leaves a small quantity of carbonaceous residue. Strong nitric acid 
does not act on uroxanic acid in the cold, but dissolves it when heated, without evo- 
lution of gas, the solution on cooling yielding crystals, probably a_ product of oxida- 
tion. The mother-liquor yields, on evaporation, a white residue, which is not coloured 
by carbonate of ammonium. 

Uroxanic acid is dibasic, the general formula of its salts being Some 

of the uroxanates are soluble in water, but most of them are insoluble in alcohol. 

The ammomum-salt separates, in small four-sided tablets, on adding alcohol to a 
solution of the acid in dilute ammonia. — ^Tbo potassmm-salt, C“N*H*E’0*.3ff0, 
obtained as above described from urio acid, crystallises m large, nacreous, four-sided 
plates, with angles of 97° and 83°. It is moderately soluble in cold, very soluble 
m hot water, insoluble in alcohol ; gives off its water of crystallisation at 100° ; 
and at a higher temperature melts, gives off a little earbonate of ammonium, and 
leaves a residue blackened by charcoal 

The ianiim-salt separates, on mixing a solution of the acid in excess of ammonia 
with chloride of barium, and adding alcohol, in thick flocks which gradually change 
to Blonder shining needles. — ^The cniciBin-satt, obtained in like manner, forms small, 
ekming, four- sided plates, which, by boiling in the bquid, are convertod into larger 
crystals, lilce those of the barium-salt. — The lead-saUi 2G*N'H*Pb"0*.H*0, is pre- 
cipitated by nitrate of lead from tbo solution of the potassium-salt, m delicate satiny 
Beales, quite insoluble in water, and becoming anhydrous at 100°. — Tho sdver-salt is ob- 
tained in like manner, as a white flocculent precipitate, but soon settles down to_a dense 
powder, which turns red on exposure to li^t, and black when heated in the liquid. 

tmoXANIo AVBYDSIDE. See preceding article. 

imoxANTBIM'. See Umnabt PieBmMTS (p. 963). 

DBOXIIi. Syn. with UuoxAino Auhtdiude. 

xmoxiN'. Syn with AinoxAirriN (i. 138). 

VROXYIh Syn. with Uaoxit. 

tmsoXTE. ? — A resinous body obtained from the leaves of the red bear- 

berry, Arctostaphylos um-wsi. It was firet prepared by Trommsdorff in 1864 
(Arch Pharm. [2], Ixxx. 273), and further examined by Hlasiwetz (J, pr. Ghem. 
Ixiv. 123), who assigned to it the formula C®’H''0*. To prepare it, the leaves of the 
bearberry, after being freed from arbutm by exhaustion with water, ore treated with 
alcohol, the solution is evaporated, the residue treated with water aud ether, and the 
ursoue which then remains undissolved, is purified by crystallisation from alcohol. 
Or the leaves are treated with ether in a displacement apparatus, whereby a dark- 
green extract is obtained, ■which deposits a considerable quantity of crystalline ursone 
to be pnnfled by crystallisation from alcohol. 

Ursone crystallises in slender colourless needles, having a silky lustre, tasteless 
and inodorous, insoluble m water and in aqueous acids or alkalis, soluble with 
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difficulty in etlier or alcohol. It melts at 190°— 200“ and solidifles Sgam in the 
cryetallino form on cooling; if heated above its melting-point, it remains amorphous 
after cooling, and at a still higher temperature boils, and appears to volatilise mthout 
decomposition. 

According to BDasiwetz, ursone agrees in composition and in most of its properties 
■with hartin from lignite (in. 14). 

VRTICA. The stinging power of nettles, TJrtica umis and TJ. dioxca, is due (ac- 
cording to Saladin) to acid carbonate of ammonium, contained in glnnds beneath 
their epidermis ; the juice contains nitrate of potassium and nitrate of calcium Ac- 
cording to Bollig, water distilled over the herb contains carbonate of animonium; 
according to Gorup-Besanoz, it contains formic acid. 

The yellowish decootion of the leaves, when left to diy in contact with the air, espo- 
cially in presence of alialis, is said, by Leuch, to yield a fine emerald-green colour. 
Tho herb of V urms yields, by fermentation, a so-called fennent-oil (ii 636) (Bley). 
The seeds of both lands of nettle are said to bo useful as remedies in cases of dysen- 

^^fiiedhreof many species of Urtica yields nseM tissues. The Chinese are said to 
fabricate a fine silky stuff feom the fibres of JJrtica nivea. (Handw. d Chem. ix. 68 ) 

VSKXC ACID, or nsWEW. An acid obtainedftom several species of hchon. It 
was first prepared and eitamined by Knop (Ann. Oh. Pharm xlix. 103), and further 
investigated by Eoohleder and Heldt {ibzd xlviii. 12), Thornton Md. liii 262), 
Stonhouse {Md. liviii 97> 114), and Hesse hbtd. exvii. 343),— Stenhoiise assigned 
to it tho formula — more probably O'*, or C"'H’*0’, according to 

Hesse, it is C'*H'*0’. It is found in TJanca flonia, TJ. lm)ta, TJ phoata, TJ hanata, 
Bwnahm oaliearte, Cladoma rangifenna, Parmeliafurfmacea, Evenm p'jmastri, and 

According to Stenhouse, tho several spocios of TTenea are best adapted for the pre- 
paration of nemo acid, especially Uanca florida-, next in point of eligibihty comes 
Ckdonia rangifmm, while the several specias of Eamahna and Everma pnmastn are 
less adapted for the purpose, because they jdeld resinous acids difficult to purify. 
Hesse uses Bmitdkna calusans (var fraadnea and cltnaumatwa) for tho preparation of 
alpha-usnio acid, and Cladonia rangfenna for the preparation of beta-'usnio acid. 

Prmaration. — Knop eshansts thfflicliens with ether in a displacement apparatus, 
then istils off the ether, and treats the residue with alcohol ; tho aJeohoLie solution 
thus obtained deposits usnio acid in crystals on cooling. EocUeder and Heldt digest 
the lichens with a mixture of ammonia _ and aqueous alcohol, filter the liquid 
after some minutes, then mix it 'with one-third of its volume of water, and neutrriise 
with acetic acid, tho nsnicacid thereby precipitated is washed, and reorystallised from 
alcohol.-^tenhonse exhausts the lichens mthmilk. of lime, and precipitates with by- 
droohloiic acid 

Hesse also exhausts tho lichens (BamaTziia oaluiaria, var fraxvnm and ohnaumatka) 
with miUc of lime, supersaturates with hydroohlorio acid, and boils for a short time, 
whereupon alpha-usnio acid erystaUisea out. The deposit is ivashed -with water, then 
boiled -with alcohol, and tho residue is dissolved in boiling acetic acid, the solution 
mixed with animal charcoal, and filtered — ^To prepare bete-usnie acid from Cladonia 
rangtfeiina, Hesse eidiausts the beheii witli dilute soda-ley , saturates with hydro- 
chloric acid ; washes the precipitate, which contains browh humous suhstances. -with 
water , dries it, and exhausts it with ether ; evaporates tho ethereal solution , and 
mixes tlio residue with alcohol. Beta-nsnio acid then crystalUses out, and may he 
pnnflod by rocrystaBisation from oleohol with addition of animal charcoal. 

Propcriiea . — Hsme acid forms thin, bght, sulphur-yellow needles, which become 
strongly electric by friction, are not moistened by water, dissolve hut sparingly in 
ordinary alcohol, even at the boiling heat, but easily in boiling ether or turpentine-oil. 

Usnio acid melts when somewhat strongly heated, alpha-usnio acid at 203° 
(Hesse), at 200° (Knop); hetu-usnio acid at 176° ; this difference of melting-point is 
tho only essential distinction between tho two acids. Melted nsnio acid is yellowish 
and resinous, and solidifies in the crystalline form on cooling , at a higher temperature 
it yields a crystalline sublimate, an oily distillate containing beta-orcein, and a car- 
bonaceous residue. Usnic acid is not coloured by fomo chloride or by hypochlorite 
of sodium. 

CUonne converts name acid into a resinous body; stdpfium acid dissolves it, form- 
inga yellow solution, which is precipitated by water ffrtj ie acid heated -with it, forms 
a yoUow rasiu. Usnic acid dissolves easily in edhaUna liquids • the solutions, which 
contain beta-orcein together with a resin, become dart-red on exposure to the afr, and 
at last nearly black. 

Usnic acid is meuobasic, the composition of its salts being according to 

Hesse, C"’H'*]y[0^ according to Knop The nsuates of the allcoli-motals are 
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Rolubla iu -Ater ; the rest are msolitblo in -water, but soluble in alcohol , ether 
extracts usnio acid from tliem. 

TJmaie of ammomum, obtained by passing ammonia-gas into absolute alcohol in 
which usnio acid is suspended, forms needle-shaped crystals. — The potassium-salt, 
0'®H‘'K0’ CH-’O, IS prepared by boiling usnic acid with a strong solution of potassic 
carbonate. It separates almost completely from the solution on coohng, and when 
recrystaUised from alcohol, forms white laminm, which giro off all thoir water at 130°. 
Its solution froths like eoap-'watar, and, when mixed with a large quantify of water 
deposits an ucid salt.— The sodium- salt foims stellate groups of silky noodles, it re- 
acts liko the potassium-salt, but is more easily decomposed. — ^The banum-salt, 
C“H"'‘Ea"0'S may be erystaUised from alcohol . the aqueous solution quickly becomes 
coloured on exposure to the air — The cupno salt, C“H“*Cu"0'‘, is a green precipitate , 
the lead-salt, a white precipitate ; the aiher-salt, a white precipitate which quickly 
blackens. 

TTVITIC and WITOWIC ACXSS. Acids produced, according to Hiuok, 
by the action of baryta-water on pyronicemie acid The former has the composition 
Jatter appears to be merely a qrtupy moddlcatiou of pyroracemic acid 

(iv. 770). 

VWABO'WZTi:, Ohrome-gamei, Chrome-lme-garnet, 3CaO Cr’O’ 3SiO’, with 
small quantities of alumina, ferrous oxide, and magnesia, occurs at Saranowsksja, 
near Biasersk, and near Kysebtimsk, in the Ural, in rhombic dodecahedrons, and 
massive, -with imperfectly oonehoidal or splintery fracture, emerald-groeu colour, and 
greenish-white streak, vitreous lustre, more or less transparent on the edges Hard- 
ness = 7'6 to 8'0. Specific gravity = 3-4 to 3 6. It does not fuse by itself before 
the blowpipe, but forms a clear oliTe-green glass -with borax (See Gabnet, ii. 772 ) 


V 


VAGOnriG ACXD. This name was given byLerch (Aim Gh. Pliarm. xhx. 
227) to a volatile acid, obtained on one occasion by the saponification of butter from 
cow’s milk, but which appears to have been merely a mixtm’e of butyric and cupric 

VAGCnriUIVI. A small genus of plants including the bilberry and whortle- 
berry. The green parts of the common bilbeny {Vaectnmm Myrtillus) contain 
quinic acid (Zwenger, Ann. Oh. Phorm. civ 108). 'The fruit contains, according to 
Preseniua (liid. oi. 225). 


•Fruit-sugar .... 
Free acid (regarded as malic acid). 
Albuminous substances . 

Pectin, gum, oolouring-ioatter 

Ash 

Kernel and husk .... 


Water . 


. 6-8 
. 1-3 
. 08 
. OA 
. 0-8 
.12 8 
. 02 
. 0 65 
. 77 6 


Soluble in water. 
jluBoluble in water. 


The colouring-matter of the 'berries forms with lead-oxide, a fine blue compound 
which IS colom’ed green by alkabs. The berries joeld, by fermentation, a kind of 
brandy (“ Heidelbeerbrantwein ” or “ Heidelbeesgeist ") which is prepared in large 
quantities in many parts of the Black Forest 
Whoitlebernos, the fruit of Vacemmm Viiis ‘vdaia, aud cranberries, the ftmt of 
Vaccinium Oxycooms (L ), Oxycoccus palusirts (Eich.), contain, according to Schoelc, 
citric acid and a small quantity of malic acid. 

VACUUM. The most, usual method of producing a vacuum, or rather a highly 
rarefied atmosphere, is by the common air-pump The exhaustion may bo made much 
more complete by flUiug the exlmusted receiver with carbonic acid gas, absorbing this 
gas by lime, and repeating the process several times. A vacuum may also be produced 
by drimug the air out of a vessw-with steam, and then condensing the steam by cooling. 

In the barometiioor Torricellian vacuum, there is nothing present but a very minute 
quantity of mercury-vapour. An excellent method of producing a vacuum baa been 
contrived by Ur Sprongel (Chom. Soc J. xnii. 9). It consists in connecting the 
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Vessel to be exhausted with the upper i)art of a long vertical tube, dbivn which a 
column of mercury is made to flow, 

TAliSiarE. Syn with Vjuusbdmb. 

VAXiBNCIANITB. A name given by Breithaupt to orthoclase from the 
silver 'miuQ of Vnlenciaua in Mexico , related to adularin, and contamiug, according 
to Hattner, 66’82 per cent, silioa, 17’68 alumina, 0’09 ferric oxide, and li 80 potash. 

VAIiXlI3"riirZTB. The trimetrio variety of native antimouioua oxide (i. 323). 

VABBRACBTOnrlTBIBS. (Schlieper, Ann Ch. Pharm. lix. 

16.) — A body containing the elements of 4 at. valeronitrile, C’ffli, and 3 at. acetic acid, 
C*H'‘0^ or of 1 at. veleronitnla and 3 at. valorocetamide, 0*H'“(C*H®0)N0. It is 
foundjn the central oil produced by distilling glue with potassium-chromate and sul- 
phuric acid, and is obtained therefrom, in lie eame manner as valeronitrile (h. 272), 
by repeated fractional rectification of the portion boiling between 68° and 90°. 

Valeracetonimla is a mobile colourless liquid, moderately soluble m water, and 
miscible in cdl proportions with alcohol and ether. It has an aromatic odour, makes a 
transient grease-spot on paper, has a specific Mvitv of 0'79, and boils between 68° 
and 71° It IB veiw inflammable, and bums wim a faintly luminous flame. By heating 
with sulphuric ocid, or with aqueous fixed alkalis, it is decomposed, with formation of 
ammouia, acetic acid, and valerianic acid: 

CiiH«jr‘0» + 8H’0 = 4C‘H'»0» + 3C'H‘0* + 4Nm 

Ohloriae and bromine decompose valeracetonitrile, with evolution of hydrochloric or 
hydrobromio acid. 

VABBRAI,. VaUt'imio Al- 

iekvic A7nylio Aldehyde. This body was discovered by Dumas 

ana Stas (Ann. Ch. Phys [2] Ixxiii. 145), who obtained it by oxidising amylic alco- 
hol with nitric or chknnio acid. It is also produced in the distillation of fnsel-oil with 
Bulphnrio acid (Gaultier, Ann. Oh. Pharm xliv. 127) , by the dry distillation of a 
mixture of formate and valerate of calcium ^Limpricht, I'iid xovii. 370); by the 
action of manganese-peroxide and sulphuric acid upon gluten (Keller, zbid, xxiii. 31), 
of chromic acid on castor-oil (Arzbacher, ibid. Ixxiii 202), and of sulphuric anhy- 
dride on lauciue (Sehwanert, eu, 226), in the dry distillation of valerates, 
most easily, according to Ebersbach (ilnd. ovi, 262), from valerate of calcium after 
addition of lime, and, lastly, by the dry distillation of lupulin-resin which has been 
exhausted with water, after addition of lime. (Personae, J. Pharm, [8] xxvi. 241, 
329; xxvii 22.) 

Yaloral, obtained hy the dry distillation of valerates, was formerly regarded as 
isomeric, but not identical, vnth valeraldehyde produced by oxidation of amylie alco- 
hol ; the two products, however, invariably exhibit the same reactions, and appear to 
differ only in boiling-point, that of the product obtained by distillation of valerates 
being somewhat the higher of the two, and not constant, a peculiarity doubtlass 
arising from admixture of other substances. 

Pf^araiwn — Valeral is usually prepared by oxidising amylic alcohol with chromate 
of potassium and sulphuric acid. The best way of proceeding, according to Parkin- 
son (Ann Ch. Pharm. 10 114), is to allow a mixture of 11 pts. amylic alcohol, 
16i pts. sulphuric acid, and 19 J pts. water, to flow slowly into a lukewarm solution of 
12|r pts. potassium-chromate, whereby suflScient heat is produced to cause the greater 
part of the valeral to distil over; towards the end, however, the distillatioti must be 
assisted by external heating. The oily layer of the distillate is separated, and shaken 
up, first with potash-ley, to remove valerianic acid formed at the same time, and then 
with acid sodium-sulphite, with which It forms acrystallme compound, the resulting 
crystals are pressed and washed with alcohol, and the valeral is separated therefrom 
by distillation with carbonate of sodium. 

Properties. — Oolouriess, very mobile, strongly refracting liquid, neutral to vegetable 
colours, having a burning bitter taste, a pungent fruity odour, and exciting coughing 
when inhaled, like most compounds of the amyl-group. Specific gravity ■= 0‘8Q57 
at 17°, 0-8224 at 0° (Kopp). Boiling point 06° to 97° under the ordinary pres- 
sure, 92-8° under a pressure of 740 mm. (Kopp). After keeping for some time, 
the boiling-point rises, and a considerable portion of the valeral passes into a modifi- 
cation, probably polymono, having a higher boiling-point. Valeral is very mflam- 
mahla, and burns with a bright flame, exhibiting a faint blue colour on the edges. 

Valeral is insoluble in water, but mixes in all proportions with alcohd, ether, and 
mlaiilt oUs. It dissolves ioiime, phoapheras, and vaiipus resins, but not sulphur, and 
mixes with strong sulphuric acid. 
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Deoomposltvms. — 1. Valer.il heated ahove ita boiling point is transformed into an 
isomeric compound, boding between 160° and 200°. — ^The same compound is found in 
the mother-hqnor of the preparation of Taleral-aodium-sulphite (p. 874), and is also 
formed by heatmg that salt with dry sodinm-carbonate (Parkinson). According to 
Limpnoht, on the other hand (Ann Ch. Pharm. out. 244), valeral is not converted 
into an isomer by heat, neither is any such body found in crude valeral. 

2. Valeral exposed to the air is gradually converted into valerianio acid ; the oxida- 
tion is accelerated by contact with platmiim-blnck. The same change is produced by 
the action of a mixture of potassvum-ohromateim.d. auiphuno amd, and by other oxidising 
agents —Nitine amd of ordinary strength converts it into nitrovalerianic acid. — 3. By 
the prolonged action of cAforine, valeral is converted into diehlorovaleral, which 
unites with acid ammonium-sulphite, forming the crystalline compound 0*H“CP0. 
NaHSO“ (Kundig, Ann. Oh. cxiv. 1), — 4. By distillation with phosphorus pmfacUo- 
ridi, valeral is converted into the chloride O’H'"0P, which, when treated with alco- 
hohe potash, gives up hydrochloric amd, and yields the compound G*H'C1. (B b era - 
bach ) 

6 The ammonia.-oompound of valeral is converted by mlphydrw aad into valeral- 
dine, a base homologous with thialdine (p 772 ). 

6. Vnien valeral-ammonia is evaporate with hydroeyamo add, the valeral is oou- 
verted into leucine, just as aldehyde is converted mto alanine (i. 63) ; 

C«H">0 + ONH + H»0 = 

Valoral. Leucine 


(PH'«0 + 30NHO - CO' -I- C'H»N>0». 


8. Valoral fused with potassium-hydrate, gives off hydrogen and yields valerate of 


0»H'«0 + KHO 


C*H»KO» + H'. 


9 When valeral is heated with line, amylic alcohol and valerate of calcium are 
produced , and on distilling the mixture, decomposition-products of the latter are 
obtained, including the two compounds, CH'^O and 0'H‘'0, apparently consisting 
of mixed acetones — the former isomeric with caproic aldehyde, the latter with osnanthol. 
(Pittig, Ann. Oh Pharm. oivii. 68 ) 

10 When valoral is treated with sodium, ultimately with aid of heat, hydrogen is 
evolved, and a yellow sodium-compound is formed, which is decomposed by heating to 
120° with cthylic iodide, yielding an oil, C“H''0, isom6ricwithval6ron6(Eber sbaeh). 
Borodin, on the other hand (Zeitschr Ch Pharm 1864, p. 363, Jahiesb. 1864, 
p. 887), obtained a mixture wbicn was decomposed by water into caustic soda, valerate 
of sodium, amyho alcohol, and two new bodies, C'“li®0 and C“H‘*0. The first of 
these IS a monatomic alcohol, isomeric or identical with decatylic alcohol. It is a 
colourless aromatio oil, boibng at 203'3° and having a specific gravity of 0'8669 at 0°. 
It forms ethers with acetic and benzole acids, reacts like other monatomic alcohols 
with pentaehlorido of phosphorus, forms a sulpho-acid when treated with oil of 
vitriol, and with sodium a compound analogous to sodium-ethylate. Its formation 
from valeral is repi'esented by the equalaon: 

30=H‘"0 + Ka° - C>“H«NaO* + C'H»NaO, 

Valeral. Dec^kto Valej^atB 

C'"H'‘BaO + H“0 - NaHo“+ C“>H»0. 

Deratylate Oecatyllo 

of BOdluni. alcohol. 


The second body, C'S'^O, isomorio with eamphol, is a light-yeUow, tasteless, neu- 
tral oil, msoluhle in water, easily soluble in alcohol and ether, having a epecifle gravity 
of 0'9027 at 17°. Its boiling-point rises from 260° to 280° and 290°, without percep- 
tible change of composition. 

11. Valeral, treated for fifteen days with sodium-amalgam and water, is partly con- 
verted into amyhe alcohol. (Wiirtz, Ann. Ch. Pharm. oxxxiv. 201.) 

12. Alsberg (Jahresb. 1864, p 486), by heating a mixture of 1 vol. valeral, 3 vols. 
amyho alcohol, and 1 vol. acetic acid, obtained a compound, C‘P['“(C*H'*)*0’', which he 
calls di amylvaleral, but which has in reality the composition of the diarnyUc ether 
of nmylene-glycol (p. 974). Thasame compound la produced, together with valerianic 
acid and a little amylic alcohol, by treating valeral with ethylate of sodium and abso- 
lute alcohol ; 

eO^H'^O H 20'H‘NaO + H’O - 2C“H»NaO> + C‘‘H'«(C='S'')‘0» + 20'H»0. 

Valoral. Sodium- Sodlam- Diamyllo EtI.ylic 

ethylate. valerate. amylenate* aitcohol 



974 


VALEBALDEHYDE—VALEEAMIDE. 


CoMPOCBDS . 

Valeral-ammcma, C“H‘“ONH’ 


D DEBIVATrVBS OP VAtEKAi, 


to TaJeial mixed with a thousand ti 


s bulk of -water. 


adamg aqueous ammonia to -raleial mixett witl 
the liquid immediately becomes millcy, and after a few ho-urs deposits crystals, t . 
formation of which goes on foi; several months. Vnloral-ammonia melts -when heated, 
is insohihls in water, but dissolves cosily in alcohol and ether. It is decomposed by 
sidphydrio acid -with formation of valoraldine, and by hydrocyanic acid with formation 
ofloiioin6(p 973) 

Oonvpoxmds of Vakral vrith Mhaline BisiUpJutes — Tho arnmoniwoi-salt, 
(?H’(3StH-')S0‘', is deposited in shining lamin® on distUhng a mixtare of acid ammo- 
iiiuni-sulp&te and valexal, and leaving the distillate to evaporate. It is decomposed 
by water, acids, and alkalis, with separation of valeral.— The sodimn-salt, 20‘H'NaS0’. 
2H"0, 13 nearly insoluble in absolute alcohol and in ether, sparingly soluble in cold 
water; it dissolves -without decomposition m water at 70° to 80°, but when more 
strongly heated -with water, it is decomposed ivith separation of valeral and sulpbuions 
acid. Alkalis and acids decompose it immediately. The air-dried crystals efBoresca 
in 11 vacuum over oil of vitriol. 

Compomda of faleral with Acetus and Bemoio Anhydrides. — The compound C'E^O. 
C'E"©* is formed by heating 1 at valeral with 1 at. acetic aiihydnde, or 2 at. acetic 
acid, to 200° in a sealed tube for four to eight hours, and passes over at 19S° on suh- 
mitting the oily product to fractional distiflatiou. It is a colourless, ethereal, mobile, 
neutral liquid, of specific gra-vity 0 963, boiling at about 195°, insoluble in water, 
easily miscible -with alcohol and ether. It is not altered by water, but in contact -with 
potash is easily resolved into acetic acid and valeral (Kolhe and G-uthrie, Ann. Ch 
Pharm. oix. 296).— The hernoic compound, C’fl'®© is obtained in like manner 

by heating valeral -with benzoic anhydride to 260°, and passes over on rectification at 
264°. It IS a white crystalline body, tasteless and inodorous, insoluble in water, 
melting at 1 1 1°, and boiling at 264°. Alkalis decompose it into valeral and bensioia 
arid. (Kolhe and Guthrie.) 

BicMorovateial, C"H®CPO, is produced by the action of chlorine on valeral (p. 973) 

Mctkylvaleral, O’H."(CH“)0, is ohtamed by distdling a mixture of equivalent quan- 
tities of tdkaUne valerate and acetate, agitating the oily distillate -with potash, and rec- 
tifying till the boiliBg-point becomes constant. It m an oily liquid boiling at 120°, 
(W 1 111 am son, Ann. Ch. Pharm. Ixxxi. 86.) 

Diamylvdoral (so-called), C'H’W — This compound, isomenc or identical with 
diamylic amylenato, I nentral amylic ether of amylenic glycol, is pro- 

duced, as already observed (p. 973), by heating valeral -with amylic alcohol and acetic 
aoid, or with sodinm-ethylato and absolute alcohol. It has a disagreeable odour like 
that of the amyl-compounds, and of celery, is insohihle in water, of speoiflo gravity 
0 849 at 7°. and boils at 255° —Ssethylvakral (so-caUed), C”H">(C'H')«0' pre- 
pared by heating I vol. valeral -with 4 vols alcohol and 1 vol. uootic acid, is slightly 
soluble in water, has a pleasant fruity odour, a specific mvity of 0 836 at 12°, and 
hods at 168'2° — Bmethylvaleral (so-called), O*H“(CH’)*0“, prepared -with 1 vol. 
valeral, 2 6 vols. methylio alcohol, and 0 6 vol. acetic acid, has an agreeable odour, a 
specific gravity of 0 862 at 10°, and hods at 124°. (A Is berg.) 

V‘AKEIIta.Zi>AMlHCOmA> See preceding article. 

VAlBRAXiDEa'irSS. > , 

VAIiBRAXiSXBE. T 

VA1.ERAS.1)»WB. C'^ff'NS*. (Beissenhirtz, Ann Oh, Pharm, xo. 109.— 
Parkinson, ibid, xc 119 ) — ^An organic base, homologous with tliialdme, produced by 
tlio action of snlphydric acid on valeral-ammonia suspended in water. It is a viscid 
oil, which does not solidify at —20°, has a strong unpleasant odour, is insoluble in 
water, soluble in alcohol and ether, and volatilises without decomposition. It has 
nil alkaline reaction, and unites with hydrochloric acid, forming the salt C'“H*‘NS^ 
ECl, which crystallises in needles, and -when dissolved in water, yields with silver- 
nitrate, first (.hlorido and then sulphide of silver. ^ 

VAXBRABXIO ACXB. Syn -with AJnDOVAi.Binc Aorp (p. 978). 

VABEEAHIIDB. C»H»OH*N— The primary amide of Valerio acid, first 
prepared by Bum as, Malaguti, and Leblanc (Compt. rend. xxy. 475, 658), and 
further examined by Dosa.ugnes and Ohautard (Ann. Ch Phaim Ixviii 333). It 
is modiiced by the action of 7 or 8 vols .strong uqueoua ammonia on 1 vol. ethylia 
laferatc, and snbhinoa on evaporating the liquid in shining lammse It melts at 100°, 


n. with Vapebai,. 
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and sublimes at a somewhat higher temperature. It is insoluble in water, gives off 
ammonia whSn boiled with aUcalis, but is not decomposed thereby at ordinary tempe- 
ratures , when heated with phosphoric anhydride, or passed in the state of vapour over 
red-hot lime, it i3_ resolved into water and valeronitrile, or cyanide of totryl, 

(ii. 272) When ignited with potassium, it gives off hydrogen and carburettod hydro- 
gen, and forms cyanide of potassium. 

VAIiEZHAmilf E. The name originally given by Wurtz to amylamine. 

VAEBUAWIEIDB. 0<'H‘W = G=H:‘“(C“H‘)NO= —PfeyliazferaOTafa —Pro- 
duced by tho action of valeric anhydride on anUiiie. Crystalhsos in lustrous needles 
or prisms, sparingly soluble lu water, easily in alcohol and ether. Melts at 115°, and 
distils, for the most part unaltered, at a temporaturo above 220°. It is but sloiviy 
attacked by caustic potash, and it is only by fUsion with hydrate of potassium that any 
appreciable quantity of amhno ean be obtained from it. (Ohiozza, Ann. Cli. Phys. 

[8], XX3UX 201,) 

VAZ.ERATES. See VziEBio Acm (p. 976). 

VAZiEKEITE. Syn with AMVniiNB and with BonNEintB. 

VAliBKI AW. The root of Valeriana offioinalis contains starch, extractive nutter, 
lesin (about 8 par cent.), an essential oil, valeric acid, and the ordinary plaut-oousti- 
tueuts. 

The essential oil of valerian is obtained b^ distillation with water, 1,000 pts. 
of the root yielding ft'ora 4 to 12 pts of oil. It is a pala-yeUow or greonisli liquid, 
having a strong odour of valerian, an aromatic taste, and strong acid reaction Specific 
gravity =■ O'0OtoO'93° Becomes viscid at —16°, but does not solidifj' completely even 
at - 40°. Begins to boil at about 200°, the boiling-point gradually rising to above 400°. 

Crude valerian-oU is a mixture of several substances. According to Piorlot (Ann. 
Ch. Pliys [3], lu. 291), 100 pts. of it contain . 

26 pts. campbene, O*"]!'* (borneenc, valeroue). 

5 pts valeric acid 

IS pts. stearoptona 1 

47 pts, resin i or 70 pts. valerol, 

6 pts. water J 

On submitting the crude oil to fractional distillation, a yellowish oil passes over 
between 120° and 200°, containing nearly all tho valeric acid and the bovnoene 
(i 626), afterwords, according to Gerhardt(Ann. Cli Phys [3],vii. 278), an oxy- 
genated oil, valerol; according to Pierlot, this oil m.iy bo resolved, by further 
fractional precipitation, and distillation over potassium-hydrate, into a camphor or 
stearoptene, a resin, valeric acid, and water. 

VAEEBIAWIC or VAEEWZC ACIE. C^H'OO* = | O. — Aclp/imtO 

Acid. PJwcmw Acid. Butylcarbomo Acid. Baldnanaaure. (Ohevrenl [1817], 
Recherchs aur Us coi-m gias, pp. 99, 209 — Grote, Brandos’ Arch, xxxiii. 160 — 
Trommsdorff and'Ettling, Ann. Oh Pharm. vi. 176 — ^Diimas and Stas, M. 
xxiv. 146. — Balard, iW. In 811 —Meyer and Zenner, ibid. Iv. 317 — ^Moro, 
ibid, Iv. 380. — Eedtenbaoher, ibid. lix. 41. — ^Hlasiwetz, ibid. Ixxi 40. — 
Winckler, Eepert. Pharm xxvn 169. — ^Kramer, Brandes’ Arch xl. 269 , xliii 21. 
—P. Morin J Phrau [3], ui. 299.)— This acid, related to amyho alcohol in tho 
same manner as acotie acid to ethylic alcohol, was first obtained by Chevreul, m 1817, 
from the fat of Bdplimum Phicisna, and thence called delphinie orphocenic acid. 
Grote, in 1830, obtained from essential oil of valenan an acid winch no designated as 
valorianicaoid Tins was shown by Trommsdoi-ff and Ettlmg to bo identical with 
ChevreuVs phoeouie acid, and tho same acid was afterwards produced by oxidation of 
amyho alcohol, by Dumas and Stas, who established its composition and its relation to 
ivn^lio alcohol. 

Valerio acid appears to he somewhat widely diffused in tho vegetable kingdom, 
being found in valerian-root, angelica-xoot, tho root of Atlmmantaoreosehmim, the fruit 
and bark of the guelder rose { Viburnum Opulus), the bark of the older-treo, and lu 
many plants of the composite order It is also found in many animal oils and other 
animal secretions. It is a frequent product of the oxidation of fats and of the putre- 
faction of albuminous substances, &c. AmyUe alcobol yields, by oxidation, valerianic 
acid, together with valoral and amyho valerate 

Preparaiion. — By oxidation of amylic alcobol — A mixture of 1 pt. amyho alcohol and 
2 pts. strong sulphuric aoid is allowed to flow slowly into a solution of 5 pts. acid potas- 
sium-chromate in water , and when tho first action, which takes place spontaneously, is 
over, the mixture is heated for some time in a flask provided with a vertical condeiis- 
ing-tube, in Older to convert the valoral produced in the first instance into valonc acid, 
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The liqtiid is then distilled ; the distillate saturated with carbonate of sodium , the 
amyho valerate contained in it is distilled off. and the dry residue of soQium-valerate 
IS dissolved in an equal weight ofi water and distilled with sulphuric acid (i- to | pt. 
oil of vitriol to 1 pt. sodium-salt). The distiUato consists of an aqueous solution of 
valeric acid, surmounted by an oily layer consisting of a definite hydfrate, H“0, 

from which the pure acid or hydric valerate, may be obtained by 

rectification, a milky aqueous distiUate passing over at first, and afterwards, at 176°, 
the pure acid, in the form of a clear oily hquid. 

Properties.— Pure valeric aeid, or hydric valerate, is a colourless mobile oil, having 
a sour burning taste, and a strong pecuhar odonr, like tliat of valenau-oil, some- 
what also like that of butyric acid and decayed cheese. Specific gravity O'fifiT at 
16“ (Dumas and Stas) ; 0-9378 at 19-6° and 0 9656 at 0-“ (Kopp) , 0 9668 at 16° 
(Mendelejef). Index of ro&action, 1-3962 (Delffs). It is active or inactive to 
]iolariscd light, according as it has bean prepared &om active or inactive amyho alcohol : 
the active modification produces a rotation of 17° to the left in a tube 60 centimetres 
long (Pedler, Ohem. Soc. J. sxi. 74) It remains h^idand transparent at -16°, 
makes transient grease-spots on paper, boils at 176° (Dumas and Stas; Parsin) 
at 176 8° under a pressure of 746 mm. (Kopp).' The specific gravity of its vapour, 
when determined at a enfleiently high temperatm-e, is 3 66, calc, for 2 vols. = 3 53. 

Hydric valerate, (O'H^O®), dissolves in 30 pta water at 12°, mixes in aU proportions 
with alcohol and ether, and issolves abundantly in strong acetic acid. It msaolves 
water, and forms an oily hydrate, C'>H‘"0’.H’'0 (commonly called the trihydrate, from 
having been regarded as C'“H*“0*.3H’0), which separates on decomposing a valerate 
•with aulphurie acid not too much diluted ; or on adding chloride of oaleiiim, or other 
dehydrating salt, or phosphoric anhydride, to on aqueous solution of the acid. This 
hydrate is oily, like the pure hydric valerate, but has a higher specific gravity (0-960, 
according to Trautwein), and a lower hoihng-point, when it is heated, aqueous 
valeric acid first passes over, and afterwards pure hydric valerate 

Valerio acid mixes with oil of turpentine, and dissolves phosphorus, camphor, and 

J)eeompositiona. — 1, Valerio acid vapour passed through a red-hot tube, is resolved 
into caibonio oxide, carbonic anhydride, and a mixture of hydrocarbons of the olefine 
group (ethylene, triwlene, and tetrylene), sometimes also mixed with marsh-gus 
^ofmann, Ohem. Soc Qu. J.iii. 121). — 2. When an e&cfwumenil is passed through 
a solution of potassic valerate, the valeric acid is resolved, -with absorption of oxygen 
into tetryl and caibonio anhydride . 

2C*H>«0' + 0 = 0»H'« + 200’ + H»0. 

Vnlerlo Tetryl. 

acid. 

The tetryl is, however, converted by further oxidation into tetrylene and water : 

C«H'* + O = 20iH« + ffO; 

or it IS oxidised to totryho oxide, (C'‘H')*0, which then reacts -with the valeric acid 
to form tetrylio valerate (Eolhe, Ann. Oh. Pharm. Ixix. 267).— 3. By potassic per- 
manganate in alkaline solution, valeric acid is oxidised to carbonic acid, oxalic acid, 
butyric add, and its lower homologues, together with a volatile solid acid, perhaps 
angelic aeid (Neuhaner, Ann. Oh Bharm. evi, 69). — 4 Valeric acid dissolves, with 
evolution of heat, in strong sulphuno acid, apparently forming a conjugated acid. — 
6. Strong mtno add dowly converts it into nitrovalerio acid. — 6. With chlorine and 
bromine it also forms snbstitution-prodncts. It dispolves iodine, but without foi-ming 
aniodatedacid. — 7. pentaoUonde or osn/ohlonde of phosphorus, it forms valeric 

chloride or valeric anliyfido,— 8. When heated -mth. pentamlphde of phosphonis, it 
forms thiovalerio acid, a liquid having an extremely offensive odour, and probably 
consisting of C^H^OS. (Ulrich, Ann. Oh. Pharm cx. 281.) 

VaJerates — Valerie amd is monobasic, forming neutral salts, C*H“IIO’, and a few 
acid and basic salts. The valerates are produced by direct saturation, They are 
unctuous to tho touch, inodorous when dry, but ameU of valeric acid when moist, espe- 
cially if they are also warmed , they have a sweetish taste, with somewhat pungent 
after-taste Most of them dissolve in water, a few also in alcohol , many of them 
rotate on the water in the act of dissolving. By dry distillation, they yield chiefly 
valerene and valerone. A mixture of valerate and formate subject to dry distillation 
yields valernl ; a mixture of Valerate and acetate yields, in like manner, methylvaleral 
(p. 975). The soluble valerates are decomposed by the electric current, with forma- 
tion of carbonic acid, tetrylene, and tebyhe valerate. 

Valerates are decomposed by mineral acids and by many organio acids : e.g. acetic, 
tartaric, citric, malic acid, &o , with separation of valerio acid. Butync acid does not 
decompose them , on the other hand, butyrates heated with valepio acid yield free 
butyric acid. On this reaction is founded a method of separating butyric and valeric 
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aeifls, by parfial saturation with potash, whereby only valerate of potassium is at first 
produced. When a mixture of acetic and. valeric acids is portiidly neutralised with 
potash, and heated, aoid acetate of potassium remains behind. (Liebig, see Akaivsi.s, 
1 . 260.) Valerio acid is further distinguished from butyric acid, which it resembles in 
many respects, by the hehaviour of its cupric salt (infra). 

Valerate of Ammonium., C'‘H"(NII')0*, easily gives off ammsuia when healed. 
It dissolves freely m water and m alcohol "When heated with phosphoric anhydride, 
it yields valeronitnlo. This salt is formsd in the putrefaction of orgiinic bodies, and is 
a frequent ooustihient of mouldy cheese. — l:\i6potassium-salt, 0‘H”K0-, aolidifios 
on evaporation, to an amorphous, white, deliquescent, saline mass, having an alkaline 
reaction, very soluble in watei' and m strong nlcohol, soluble in less than 3 9 pts of 
absolute alcohol at 20°. It melts at 140°, and decomposos at a stronger heat When 
distilled with arsenic, it yields a heavy, oily, allinceoiis, fuming liquid, probably the 
cacodyl of valeric acid (G-ihbs, Sill Am. J. [2], xv. 118). — ^Tho sodium-salt crystal- 
hses, by spontaneous evaporation m diy air at 32°, in oanhflower-hhe masses, extremely 
deliquescent, very soluble in water, and even iii absolute alcohol, melting at 140° — 
The htMum-salt, 2C‘E'Li0^H’O, crystallises from the syrupy solution, iii spherical 
warty masses. 

Valerate of Barium, C'“H"'Ba"0< 2H’0, crystallises hy spontaneous evaporatiou 
in shining, easily friable ciystals, whicli dissolve in 2 pts. water at 16°, in 1 pt at 20°, 
exhibiting a very hcislc rotation, and are sparingly soluble lu alcohol They give off 
from 2 to 2J-por cent, water on exposm-e to the air at 25°, the rest (about 7 per cent ) 
when heated; the dry salt decomposes at a dull red heat, giving off an inflaraniahlo 
gas, probably tetrylene, yielding a strong-smelling distillate of valeral, with a little 
valerone, and leaving oarbouato of barium mixed with ahttle charcoal. — ikecaloium- 
salt, 0'°H'®Ca"0‘.H^0, crystallises by slow evaporation in stellate groups of pnsms 
aud needles, easily soluble in water and in ordinary alcohol, sparingly soluble lu 
ahsoluts alcohol, molting wiUi docomposition at 160°. A mixture of 6 pts. valerate of 
ealoium and 1 pt lime yields, by dry distillation, a mixtiiie of valerone aud valeral. — 
The sfrontJUBi-snit erystaUiaes in four-sided tables— The magnesium-salt is 
obtained, hy alow evaporation, in tufts of transparent prisms, moderately soluble in 
water, slightly soluble m alcohol 

Thooupiio salt separates from the hluo-greon solution of cupric carbonate lu tho 
aqueous acid, in gvesn monochmc prisms coutaming C'"H'“CivO<.H-0, soluble iii 
water and in alcohol When conceiitreted valeric acid is added to a solution of cupric 
acetate, and the liquid agitated, anhydrous cupric valerate separates after a while in 
oily drops, which in five to twenty nimiites change into a greomsh-hliie orystidliuo 
powder of the hydrated salt. According to Laroeque and Huraut(J Pliarm [3J 
IX 430), this reaction distinguishes mlenc from hiityiic acid, which, when added to 
cupric acetate, immediately forms a eiystallme precipitate. 

Iron-salts.— Neutral fsMcvakrate'iuis -aot been obtained m the aeparata state. 
Valerate of sodium added to ferric chloride, throws down a mixturo of neutral and 
basic salt, which, after drying, forms a dark brick-red, amorphous powder Iron 
dissolves in aqueous valeric aeid with evolution of hydrogen, formmg/ci-roiis valerate 

Lead-salts. — Viia neutral salt, C"’H'®Pb"0', separates from solution by slow eva- 
poration, 111 shining, easily fusible lamina? — A hasiosalt, C‘“H>®Pb‘'0* 2PbO, is obtained, 
by treating valeric acid with excess of litharge, exhausting with cold water, and eva- 
porating the filtrate in a vacuum over oil of vitriol, in hemispherical groups of shining 
needles, infusible and sparingly soluble in water. 

Mercury-salts — Tho neutral mercuric salt separates, on mixing mercuric ehloride 
with valerate of sodium, in slender white needles, which are also deposited on boiling 
the basic salt with water, andleaving the filtrate to cool, Tho basic salt, which has a 
red colour, is obtained by moderately heating the neutral salt, or by dissolving mercu- 
ric oxide lu warm concentrated valeric acid. It is insoliiblo in cold water, and is 
decomposed by boiling water into the neutral salt and a red residue.— The mercurous 
salt separates m small needles from a solution of morenrous oxide m hot concentrated 
valeric acid. 

The Silver-salt, C“H”AgO°, sopar.ates on evaporation, in white shining lamime On 
adding an alkaline valerate to nitrate of silver, a enrdy precipitate is formed which 
gradually becomes crystalhne The salt blackens on exposure to hght, and is decom- 
posed by heat. • 

Zinc-salt, C'"H'*Zu'0‘ — ^Metallic zme dissolves slowly m aqueous valeric acid. 
The aqueous acid saturated by boibng with zinc-carbonate and filtered hot, deposits 
tlie anhydrous zuic-salt m nacreous scales losembling bone acid. The same salt is 
oblained by precipitation. According to Dncldii, it dissolves in 60 pts cold and 40 pts. 
hmhiig water, in 17 5 pts cold .uid 18 7pfs boiling alcohol, according to Wittstem, 



978 


VALEEIC ACID. 


it dissolves in 00 pta cold -ffater, in 00 pts cold alcohol' of 80 per cent., in SOO pts, 
cold and 200 pts. toiling ether. The aqiieons solution gites off valeric acid on boiling 
The salt molts at IW'^, and decomposes at a higher temperature — A hydrated salt, 
0'“H''Zii''0^ 12H''0, is obtained by mixing equivalent quantities of hydi'ic valerate and 
recently precipitated zinc-carbonate -vnth. a small quantity of water, and drying at a 
gentle heat. It does not differ in appcaranoe from the anhydrous salt, gives off ^ its 
crystallisation-water at 100°, and dissolves in H pts. of cold water, the solution, when 
evaporated, yielding crystals of the anhydious salt (W ittstein). Valerate of zinc is 
used as a remedy m nervous disorders. The commercial salt is said to bo sometimes 
coutaminated with butyrate, the presence of wh^cli may be detected by separating the 
acid, and testing with acetate of copper in the manner already described (p. 977). 

BuhstUntUm-denvatives of Valerio Jetd, 

Amldovalerio Acid, C“H‘’NO’ ■= C‘B;''(brE’)0^ Valeramw Acid. Valeramidio 

In 

Acid.— Thin add, which might also be regarded as oxyvaUranao aoid, (C*H®0)'' 1^, was 

found by Qorup-Bosanoz (Ann. Ch. Pharm xcvni. 16), together with leucine 
(amidoeaprio acid) in the pancreas of an ox. It is produced artificially by the 
action of ammonia on an alcoholic solution of bromovaleiuo acid ; 

C»H“BcO* + 2NH’ = C»H"KO’ + NH'Br. 

(Calionrs, Ann Ch. Pharm Suppl li flS— Bittig and Clark, Zoitsohr f Chem. 
1866, p. 603) It might probably also be formed, similarly to the homologous amio 
acids, by reducing nitvovalmc acid with sulphydno acid, and hy the action of hydro- 
cyanic and hydrochloric acids on bntyral. ' 

Amidovalei-io acid was prepared from tho pancreas of the ox hy extraction with cold 
water. The solution was boiled, tho filtrate mixed with excess of baryta-water to 
separate phosphoric acid, and the filtrate evaporated to a syi’up over the water-bath, 
wheroupon it deposited a mixture of loucine and amidovalorio acid, which were sepa- 
rated by fractional solution in alcohol of specific gravity 0 82, the amidovaleno acid 
being much less soluble than the leucine. It was ultimately purified by reorystalhsa- 
tion from strong alcohol. 

Amidovaleno acid closely resembles leucine (amidooopnc aoid), but is less soluble in 
water and in alcohol, especially m tho latter, it is insoluble m ether. Jt unites with 
acids, forming oryetollisable compounds, which are much more soluble than the corre- 
Buonding leiiome-salts. It dissolves easily, and without deooiiposition, in aqueous 
itolis, forming, for the most part, crystallisable compounds. 

■Whan heated in a glass tube, it melts and sublimes, with parhal decomposition, 
giving off aUralme vapoims having a strong odour of herring-piokle, probably tetryl- 
amine When heated in the air, it burns quickly with a bluish flame. 

Sronfovaleiio Acid, 0’H®BrO'“ —Produced by tho action of bromine on valeric 
acid at 140° — 160° (Oahonrs, Ann Ch. Pharm. Suppl ii. 74), or on valerate of 
silver (Borodine, ibid. cxii. 121). It is a colourless heavy oil, having a pungent 
odour, and boiling, according to Caboura, botwoon 226° and 230°, without perceptible 
decomposition , according to Borodme, on the other lund, it is decomposed by boiling, 
giving off bydrobromie acid, yielding a distillate conUining valeric acid, and apparently 
valerol, and leaving a carbonaceous residue. 

Bromovalenc acid separates valeric acid from valerates Its compounds with the 
alkalis and alkaline earths are easily soluble and not crystallisable. The silver-salt 
is white, insoluble, and veipr imstoblo. (Borodino) 

This acid is easily ethermed, its ethylic ether boils between 190° and 194° 
Chlorovalerlo Acids. Th’ialiloromleno or ClUorovakrmo acid, O^H'GPO®, 
18 formed by passing chlorine-gas into hydrio valerate in the dark, the liquid being 
cooled at first, and afterwards warmed to 60° or 60° , the excess of cUorine is expelled 
by a stream of carbonic anhydride Tricblorovalerio acid is an oily liqmd, very viscid 
at -18°, not very mobile at ordinary temperatures, but perfectly mobile at 30°. It is 
inoflorous, has a sharp burning taste, is heavier than water, and decomposes at 110° — 
1 20°, with evolution of hydrochloric acid In contact witli water it forms a very fluid 
hydrate, which sinks to tho bottom of the water. Tho acid dissolves in aqueous alka- 
lis, but is precipitated therefrom by udids in its original state. The aqueous solution 
forms, with nitrate of silver, a precipitate soluble in nitric acid (Dumas and Stas ) 
TetracMorovalerio or CliUrovciterosie acid, C*H“C1'*0'‘, is formed by the prolonged 
action of an excess of chlorine on valenc acid in sunshine, the action being ultimately 
assisted by heating the liquid to 60°. It is a colourless, inodorous, semifluid oil, having 
a sharp, burning, bitter taste, heavier than water, not solidifying at -15°, not volatile, 
decomposing when heated above 160° It imitos with water, foiraing an oily hydrate, 
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C’H'Cl'O-’ H’O, a.ad dissolves m a large quantily of -water, easily also in alcohol and 
ether. TheSolutiona, after a while, conliun free hydrochloric acid. The acid is easily 
decomposed by fixed alkalis, but not by ammonia. 

Tetraeblorovalono acid docomposos carbonates. The alkaline tetracMorovalovatcs 
are easily soluble in water, the vest insolnblo or sparingly soluble — The silver-salt, 
C*H‘AgCl*0’, obtained by precipitation from tlio ainmoniiun-sult, la white, sliglilly 
soluble in water, easily in nitric acid, the solution, when exposed to light, deposits 
chloride of silver The dry salt decomposes slowly m the dark, forming chloride of 
silver, and a aubstanoe -whicli makes grease-spots on paper — probably tricliloroxyralerie 
aeid, C“H’C1*0=' (Dumas and Stas.) 

Wltrovalerlo Add, (Deasaignos, Ann Ch Tliarm. Ixix 27+ ) 

— Termed by the action of strong nitric acid at the boiling lie.it on valeric acid ; 
cry staHises from the acid solution in tliin needles, &om water in rhombic plates It 
sublimes at 100°, but its boiling-point is much higher — HUrovalaaie of lead is easily 
soluble, and eiystallises in thin prisms. — ^The ferric salt is insoluble, and resembles 
ferric succinate — The banum- and calnnm-salL are very solnblo, the hatter mystal- 
liaing in needles — The silver-salt, G‘H*Ag(IfO“)0’', crystallises from boiling water' in 
slender prisms. 

Dossaigfaes is of opinion that the acid designated as nitroimlone acid may perhaps he 
mtio-augelic acid, C‘H’(N0*)0’. 

VAX.BaiAIir.Ol3:.. Sea VaMnaAS (p. 976). 

VAI.B3tIC ABDEB-S-DE. Syn. With Vaieiiai, (p 973) 

VAZiSBIc AKTHYSBIBE. C">H>»0’ =. (C“H»0)=0. VaUric Oxide Fale- 
ric Valerate. Anhydrous Valeric Acid. (Ohiozza, Ann. Ch Phann. Jxxxiv. 100 ) 
— ^Prepared by decomposing 6 at. dry ralernte of potassnim with, rather moro' 
than 1 at. oxychloride of phosphorus, and purified hy washing the distillate ivith carbo- 
nate of sodium, dissolnng it in ether, and evaporating It is a colourloas, moderately 
mobile oil, not miscible witli water. 'When recently prepared it lias a faint and not 
imploasant odour of apples, but when rubbed between the fingers, it omits the oiien- 
sive odour of volorio acid Hpeciflo gravity = 0 93-4 at 10°. Boiling-point, 216°. 
Vapour-donsity = 6’23 It slowly ahsorhs water, and is coiiroitcd into valeric acid 
When heated with an alkali, it is instantly coniertod into a valerate On gently 
warming it -with a small quantity oipoiassui hyihate, a violent action takes place, and 
free valeric acid is formed as well .\s potivssic valerate 

(C»H'’0)=0 -(• KHO = C'H»O.KO + C‘H»0.H,0 
■With alcohol it quiclny forms otbylic v.alerato , honco the ether used in purifying it 
must be fi'ee from alcohol — ^By ammonia it is quickly converted into valeramide , by 
aniline into valeranilide. 

Benzovalerio anhydride, 0'H“0 C*H”0 0, is produced by tho action of benzoic 
chloride on potassic valerate (i 668), and other double anhydrides containing vuleryl 
may be formed in a similar manner. 

VAXiEBZC BBomiSB, C“H“OBr, 19 prodiictd by tho action of pho-sphorio pen- 
tabromide on valeric acid. It is a liquid boiling at 1+3° (Bichamp) 

VA1.E3UCC CHXiOBIX>B, C’H'OOl, IS prodncod by’ the action of phosphoric 
oxychloride on valerate of sodium (Moldeuhauer), or of phosphoious chloride 
on valeric acid (Bichamp) It is a colourless, mobile, fuming liquid, liaving a speci- 
fic gravity of 1 005 at 6°, and boiling bolween 116° and 120°, easily decomposed by 
water into hydrochloric and valeric acid (Bichamp, Conipt. rend xlu 224 — 
Moldonhauor, Ann. Ch Pharm civ 111) 

VAIiSSBIC ETKBBS. Tho valerates of methyl, ethyl, and amyl are prepared 
by distilling valorato of soduim with sulphuric acid and tho corresponding alcohols 

Methylic Yalci ate, C‘H*(0H’)O’, is a colourless liquid, having an odour like that 
of wood-'spirit and valerian together. Specific gravity «= 0 8809 at 16° , 0‘9016 at 0° 
Bods at 116° Specific heat (between 4.9° and 21°) = 0‘491 (Kopp) 

Erhylio Va lerate, C'H“(C°lP‘iO, is a colouiless liquid, haiing a truityodour, also 
like that of valerian. Specific gravity = 0 800 ,it 18° iKopp), 0 804 at 0° (Otto) 
Index of refraction «= l'S904 (Delffs). Bods at 133° (Otto , Kopp; Berthalot) . 
at 131° (Delffs). Dissolves sparingly in water, easily m alcohol Ammonia com erts 
It into valeramide 

Ethyiie valerate dissolves sodium, with little or no evolution of hydrogen Waiik- 
ly n (Ohera. Soc, J xvii 371), by heating 2 grms soduim with 0 grms. ethylic v.alerate 
and 7 5 grms, pure etlier, oht.uned an oily body, having approximately the composition 
of V'aleryl ■ 

2fO‘H“O.CB'‘ 0) -e Na= = 2C‘H‘IlaO + (C=H”0)= 

Ethvlio v.ileriUe Suillum-cthjlate Valerjl 
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Geut lira and Groinar (Jahreab. 1866, p. 319) obtained no valoryl, buttlie aodi'uni- 
salt of a cacystaUisiiblo acid, and an oily body, which, when distilled, yielded, as princi- 
pal product, a liquid boiling, liko the so-eallod diamyluileral (p. 974), between 2401 
and 260°, 

Amylio Valerate^ C*H“(,0’Hi>)0, is proparod as above, and is bkewise formed in 
the preparation of valorie acid by oxidising amylie alcohol with sulphuric acid and 
potasaic chromate, being eontmned in the oily liquid separated from the valerate of 
fcodium (p. 076) It is an oily liquid, having an agreeable fruity odour Specifla 
gravity « 0 8646 at 17°. Boiling-point 187° to 188° (Kopp), 196° (Balard). 
Vapour-density = 6‘1. A solution of this ethor in 6 to 8 pts. alcohol has a strong 
odour of apples, and is used for aroinatising sugar, &e. 

Geiyhc Valerate, has a apociflo gravity of 0-853at 20°, melts at 

26°, solidifies again at 20°, and boils at 280° — 290°. (E Dollfus, Ann Cli. Pharm. 
cxxxi 283.) 

VAIiEItlC XOSIDE, C*H”OI, IS prepared by distilling an anhydrous valerate 
with iodide of phosphor, us, and rectifying the distillate over mercury. It is a heavy 
nearly colourless liquid, boiling at 108°, quickly decomposed by water and by alcohol, 
(Cahours, Compt rend xliv 1262.) 

VAX>X|RIC OXISSIS. The protoxide, (O^H'O)’©, has been already described as 
valsne anhydride (p 97^ 

Valeno Feroxide, C'''H'*0*=>(0'‘H®0)’0’, is produced by the action of hydrated 
barium-peroxide on valeno anhydride. It is a heavy oily liqnid, slightly soluble in 
water, exploding slightly when heated, and acting os an oxidising agent when suspended 
in water. (Brodie, Proc, Boy. Soo. xii G86 ) 

VAIiBRIN'S. Glycerides produced by heating valeric acid with glycerin. The 
dolphinin or phocemn which Chevreul obtained by treating dolphin-oil with alcohol, 
was probably a mixture of trivalorm with monovalerin and divalerin. 

Monovalortn, D'Hi'O* = (C>H‘)'"(HO)'!.(O»H»O0 => + C»H“0« H«0. 

— Produced by heating vulorie acid with excess of glycerin to 200° for three hours, 
and purified with potash-ley, &c. in the usual way It is also formed by the action 
of hydrochloric acid gas on a mixture of glyconn and valeno acid, Oily neutral liquid 
having a faint odour, and a specific gravity of 1 100 at 16°. Mixes with half its bulk 
of water ton. dear liquid , separates, on addition of more water, and mixes with 100 
vols water to a liquid having the character of an emulsiou. By contact with the inr 
for some weeks it becomes acid, and then contains free valeric acid, hut the alteration 
is not attended with any perceptible absorption of oxygen. Alcohol and hydrochloric 
acid decompose it, even in the cold, forming ethylio valerate and glycerin. Aqueous 
ammonia slowly converts it into vuleramidB. 

Biualewi, = (C«H“)"'HO.(C‘H"0’)° =. 0»H>0» + 2C»H'<'0* - 2H»0. 

—Produced by heating glyconn with valeric acid to 275° Oily liquid, having a dis- 
agraeahle fishy odour and a bitter aromatic taste. Specific gravity = 1'069 at 16° 
Solidifies at —40°, but remains soft and transparent, does not mix readily with 
water. Its reactions ere similar to those of monovalerin 
Trioalerijh = (C»H»)'"(C‘fl»0'‘)« = C«H« 0 * + 3C*H'«Oi> - 3ffO. 

—.produced by heating divalerin to 220° with 8 or 10 times its weight of valeric acid. 
It is a neutral oily liquid, having a faint unpleasant odom', insoluble in water, but 
soluble in alcohol and ether ; decomposed by alcohol and hydrochlono acid liko the 
other valorras (Berthelot) 

VAIimRiXSIO ACIDS, in the nomenclatoe of Laurent and otliers, are substitu- 
tion-products of valeric acid, in which 3 at. hydrogen are roplaced by ohlorme or 
other radicles, eg. cMorovalerisio acid, C“H’CPO". In like manner, those product* in 
which 4 at hydrogen are thus replaced, are called valerosic acids. 

VADERODICBX.ORBI'DnXH , (0'‘H'‘)"'(C!“H»0)0C1* is prodneed by beating 
eplehlorhydrin (i 894) with chloride of valeryl to 100°. It is a mobile liquid, smell- 
ing like amylic acetate, having a specific gravity of 1 149 at 11°, and boiling at 245°, 
under a pressure of 737 mm, (Triichot, Ann Ch. Phmrni cixxviii. 297.) 

(C»H»)"') 

VADEBOGXiVCEBAD. C«H‘“0> = H - G“H'0“ + C®E.'"0 - 

11*0 —A compound analogous to acetal, produced by beating glycerin with valeral to 
170°— 180° for 24 hoiu-s. It is a liquid boiling between 224° and 228°. Specific 
gravity = l’027at0°. Vapour-density, obs = 6‘626 , calc = 6 544 It is imso- 
luble in w.iter, has only a fiiint odour, but is decomposed by moist air, and then emits 
an odour bke that of valer.il. (Harnitz-Hariutzk-y and Moiischntkin, Ann. 
Ch. Pharm. cxxxvi. 126 , Jalivosb 1865, p 606 ) 

Similar compounds are obtained with acetic and benzoic aidehjdes. 
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VAXiEJBOIf 0®H'“0 ? — The neutral oxygenated constituent of valenan-oil 
p. 975). It WHS first prepared and examined by Gterhardt (Ann. Oh. Phys. [3], vii. 
276), and afterwords found by Personno (Compt rend, xxxvii. 309) m the volatde 
oil of lupulin It IS prepmed by rapidly distilling yalerian-oil in a stream of carbome 
.inhydrido, whereupon bornoene (Tolereiie), borneol, and yaleric acid pass over disc, 
and afterwards valerol. The latter is heated to 200°, for some time, in an atmosplioro 
of carbonic anhydride, then cooled in ice, and the valerol winch crystallises out is 
washed mth aqueous sodio carbonate, rectified several times in earbonic anhydride, 
and crj'stallised by cooling (Gerhardt) According to Pierlot (Ann Oh Phys 
[3], Ivi 294), it must be distilled over hydrate of potassium, to free it completely from 

Valerol crystallises &t0°in coloniless transparent prisms. It molts at 20°, then 
icnnuns liquid at ordinary temperatures, and does not solidify till cooled to 0“. In the 
liquid state it floats on water. It is slightly soluble in water, easily soluble in alco- 
hol, other, and volatile oils. According to Piorlot, its boiling-point is not constant, 
but varies during distillation from 200“ to 430° without remaining stationary at any 
intermediate point; in fact, aalerol is not a definite compound, but a mixture of tbs 
Btearoptene ot valeriau-oil (p 975), witliresm and a httlo water. Accoixling to Gerbardt 
and Cahours, it is converted into valeric acid by atraosplicrio oxidation, and when 
heated with potaesie hydiute gives off hydrogen, and yields valerate and carbonate of 
potassium 

C'H'»0 + 3KHO + H»0 - + K‘CO’> + SW. 

According to Piorlot, on the other hand, it is not converted into valeric acid by es.- 
pusui'fl to the air, or by treatment with any oxidising agent, and if quite free from 
valeric acid is not acted upon by potash, 

VAI>ER 01 <ACT £0 ACES. C“H'“0’.— Syn. with ethyl-lactic acid (see Lacno 
Ethbbs, in. 463) According to J. Clark (Jahresb. 1865, p 319), it is produced by 
heating bromovalerio acid with silver-oxide and water. Its zvnc-ealtcryatHllisee readily 

VAEBROWH. C»H'®0 = “ ^^\o—ralcnjl-butyl. Valmc. Fa- 

hrnyl-hutyloxide Dibutylacetone IhbiitykarbMioxyd — ^This body, the ketone of 
valeric acid, is produced by the distillation of valerates, the oalcinm-salt being gene- 
rally used. It was first prepared by Lowig (Pogg Ann xlii 412), mixed, however, 
with a large quantity of valeral, pure valerono was first obtained byEbersbach 
(Ann Oh Phann ovi 268), who separated the valeral by means of acid sulphite of 
sodium The best mode of preparing it is to distil valerate of calcium with one-si\tUof 
its weight of lime ; the quantity obtained, however, is but small, probably because tlia 
greater part of it is resolved into valeral and tetrylone . C“H‘*0 = + C^H®. 

Valerono is a transparent, colomdess, mobile liquid, having a pleasant ethereal odour- 
and burning taste. It is lighter than water, does not mix with it, but dissolves in 
alcohol and ether It boils at 165°, does not combine with acid sidphite of sodium, 
and IS decomposed by sodium and by pentaobloride of phosphorus only when healed. 

VABEROHITRIIiB. C^H^N.— ,Syn. -with OrANiDB of Tethti,, 0 WON'. (See 
Cyaxides, u. 272 ) 

VABSROSrYXi. Idwig’s name for the hydrocarbon C*H" 

VABBROSXC ACIDS. See Vaxeuisic Acisb (p 980). 

vaieROXYIi. Syn with Vimtim,. 

VAIiEROVIi. A name applied to the hydrocarbon C“H' according to which de- 
nomination, valerene or amylene may be designated as hydride of valeroyl, C'H’.H, &C,,, 
valerono as valoroyl-butyloxide, C“H“.C*H'’.0, &c. 

VAEERUREID. Syn. with YAnEETX,TOiEA. (See CABBAjnDES, i. 763.) 

VAEERYE. C*H®0, ValeroxyJ . — The radicle of valeric acid and its derivatives. 
According to Wanklyn, it is ohtamed m the free state by the action of sodium on ethylio 
valerate (p 979). 

The bromide, chloride, &o of valeryl are deseiihed as valeric bromide, &c. (p. 979) t 
the protoxide as valeric anhydride (p. 979) , the peroxide as valene peroxide (p. 980). 

VAEEI^YEAKXDXC ACID. Syn with AunDOYALBiao Acm (p. 978) 

VAEERYD-BDTYE. Syn. with VAianoNB. 

VAX.BRYDEH'E. C‘II“. (Behonl, Ann Ch. Pharm cxxxi. 238; cxxxii 117. 
cxxxv. 372, Jahresb. 1864, p 605, 1866, p. 609.) — This hydrocarbon, homologous 
with acetylene, is obtained by heating bromide of amylene -wiii concentrated ajeoholie 
potash to 140° for sever.il honrs, distilling the liquid separated from the product by 
Water, and ooUectnig that wliieli passes over ftom 44° to 46°. It it, a colonrleas very 
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mobile liqiiid, which floats on watpr, and is nearly meoluhlc therein It has a pungent 
alliaceous odonr, boils at 44° to 4b° under aprossuro of 7 46 mm , has a Tnpour-density 
of 2 368 (calc 2'3o4). It is not absorbed 1^ an ammoniacalaolubon of cuprous chloride. 

BromiHe-compounds nf Fiderylmte . — ^Valoryleno shaken up uitii etioiig aqueous 
liydrohronne acid, becomes hot and is converted into a red oil, which, after washing 
with alkalino water, yields, by fractional distillation, tbo two following compounds . 

Monohydrobromate of valarylcno. 0*11“ HBr, boiling at 112“ ; 

Dihydrobromato of valerylene, C*H* 2HBr, „ 170° — 176°. 

The former, which is the chief product, is distinguished from the isomeric body mono- 
hiomnmylcne, C“H®Br, boiling at 115°, chiefly by its property of forming ivith bromine 
a lupud compound, C“H" HBr Br^ whereas monobromiiinylene forms with bromnie a 
orystallisablo compound, 0“H“Br.Br“ ^ 

When bromino is added by drops to valorylene cooled by a freezing mixture, a fre,sh 
quantity of valeryleiio added before the red colour appears, then luoie bromine, and so 
on alternately, a heavy oil is formed containing two liquid bromme-compounds, 
C’II*Br’ and C“H“Br'', in varions proportions. If the addition of hrommo be discon- 
tinued when no more instantaneous decoloiation takes place, the piodiict consists 
mainly of the dibromide r in the contrary case, provided the action he suffloieutly pro- 
longed, nothiug hut tetrabromide is obtained. In sunshine the tetrabromide forms in 
an hour or two, together with tho cn'stallme compound, C’HIBrBr' (a) 

Tetrabomide of VderyUm, C“H®Br\ is a thick very heavy liquid, which does not 
solidify at —10° ; it is isomeric with the (probably solid) hromido of dihromamyleue, 

Bihromide of Valerylene, C*H*Br®, is obtained by distiUiiig the above-mentioned 
mixture, and collecting the portion which p-isses over below 200° It boils at 160“ — 
172°, and unites quickly with bromine, forming a tetrabromide, from which, however, 
on exposure to snn.shiuo, crystals of a compound, C*H’Br.Br<(6) separate, differing 
from flia isouionc body (a) in crystillino form, beliaviour when heated, and solubility 
in ether. Hence it appears probable that there are two isomerio tetiubromidos of 
valerylene, C'H'Br* and C'H'Br' Bi° each of which yields a corresponding substitu- 
tion-product. Wiu'tz’s diallyl is, porli.ips, homologous with valerylene, 

jBiomovalerj/kne, C‘H’Br — When the above-mentioned nixtiwe of dibromide and 
tetiahronnde of valerylene is distilled to dryness with alcoholic potash-solution, and tho 
distillate mixed with water, a h6.iry oil separates, which is reaolvod by fractional 
distillation into the three following compounds. — (1) Biii'omide of valeiykne, 
C*H®Br* (boiling at 170° — 176°), mixed with a small quantity of the oomponnd 
C'E^BtlG’n^O) , (2) Bromooalerylcne, 0»H’Br. hoihug at 125°— 180°, and (3) 
Valykne, 0*H“, boiling at 45° to 60°, together with a small quantity of valerylene 
The formation of these bodies is represented by the equations 

C'H'Br® - HBr => C“H’Br. Bromovalerylono. 
eWBr* - 2HBr = C‘H« Valylene 

C‘HW - Br>‘ = 0'H“ Valerylene 
Bromovalorjileno is partially decomposed by distiBation, and becomes coloured by keep- 
ing. It unites at low temperatures with bromino, forming the compoimds 0’H’Br> 
and C'HIBr" AVhen shaken up with an ammoniaeal solution of cup: oits Monde, it 
is immediately converted into a yellow solid body, consisting of cuprous valyhde, 
C‘H*Cu, together with cuprous bromide and oxide . 

C'H’Bi + Cu*0 = C'>H=Cu + OuBr -i E»0. 

VAlEBTrjl-KTrDainB. Syn. with Vaedkai. (p. 973.) 

VAX.EBYI.irBEA. Soe OAnnAMiDES (l. 753). 

VASiOIiriA. Tho commercial name of the large cups of the prickly-cupped oak 
( Quei'CUi, M/iiops), an infusion of which is used in tanning leather. They contain 
tannin and gallic acid. The tannin does not yield pyrogolhc acid by dry distillation, 
and is but slightly pracipitated by sulphuric acid, oven from very concentrated 
solutions. 

VAXYI.. Kolbo’s name for Tetrix or Burn.. 

VAIYSEWE. C’E". (Eehoul, Ann. Ch. Pharm cxxxv 372; lahresb 1866, 
p, 510.) — This hydrocarbon is found, as above mentioned, among the products of 
tile action of alcoholio potash on dihromido of valerylene, passing over on dis- 
tilLition, togellicr with a httlo valeryleiio. between 46° and 60°. It may be obtained 
pure by treating the mixture with .imraoniaeal cuprous chloride, which converts 
the v.ily!ene into cuprous valylido, G“H®Cu, but does not act upon tho valery- 
1, lie The cuprous i.ilyhdo (which riuiy .ilso ho obtained by tlio action of ammo- 
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niacal cupwis cUonde on toomovaleiylPDa'), la -vfaahed by decamtation ivitb amtno- 
nuiCAl water, then with a Iittla alcohol, and dried It decompoaos quickly when heated, 
leaving a black roaidue. It is decomposed by bromine with inflammation, and by 
fuming nitric acid witli incandescence. An ammoniaoal silvor-soliition converts it 
into a silver-compound of analogous composition and properties. 

To separate the \alylene, the copper-compound is warmed with a very slight 
excess of dilute hydroctdorie acid, and the hydrocarbon which distils over is condensed 
by a freezing mixture Valylone is a light liquid boiling at about 60°, haying an 
ulhaceous odoui', lOcaUing also that of prussic acid When brought in contact by 
diops with hrovam in a freezing mixture, it forms a crystalline mass satiu’ated with a 
thick hquid, the crystalline portion consistingofhromideof valylene, G*H“Br“, and 
the hquid being a mixture of the compounds C“H''Br'‘, 0*H'’Br*, and perhaps 0*H"Br*. 
VAiLVIiIDBS. See the Ust article. 

VAWADATHS. 1 ViHADiDM, Oxides oe (p. 980). 

VAWASIC ACIB.i 

VANADEWBKOWaiTE. This name is given by Schafhflutl (N. Jahresb. f. 
Min. 1844, p 721) to a mineral from the Serpentine of Bracco, on the coast of 
Genoa, containing 40'50 per cent sdica, 6’66 alumina, 18-13 lime, 14 12 magnesia, 

3 28 ferrous oxide, 3 86 vanadiura-peiitoxide, 3-76 soda, and 1'77 water It is 
coarsely laminar, with one distinct and two indistinct directions of cleavage, has a 
nacreous lustre and greenish-grey colour, and is translucent m thin lamina Hardness 
loss than 4. Speoiflo gravity = 3’266. 

VAia-ADIlirxxE. Vanadate, or more properly, Vanudato-cMoi ide of lead. See 
VANADATIiS (p 991). 

VASTADXTrnc. Atomto weifflit, 61'2 ; Symbol, V. — A metal usually classed with 
molybdenum and tungsten, hut shown by recent investigations to belong to the same 
senes as arsenic, antimony, and hismutJi 

B el Eio, in 1801 (Gilh. Ann. Ixxi. 7), found in tlio lead-ore of Zimapan, in Mexico, 
a new metal which he designated as cryth ontum , subsequently, however, he regarded 
it ns impure oluomium — Sefstrom, in 1830 (Pogg, Ann xii. 43) found in the bar- 
ivon obtained from the ores of Taberg in Sweden, and especially in the lefinery slags, 
a now metal which he named vanadium, after the Scandinavian deity Vanadia, 
Wohler (diid, xxi, 49) then showed that the lead-ore of Zimapan consisted of lead- 
vanadate, and that Del Eio’s erythroninm was not chromium, but vanadium. Subse- 
quently this metal has been found in several other ores, most abundantly m lead- 
vanadate from Wanlockhead in Scotland, and from La Plata ; in smaUor quantity also 
in pitchblende, in many iron-ores, and the pig-iron obtained from them , also on the 
native copper of Lake Superior, probably as phosphate ; and in several kinds of clay, to 
the amount of 0'02 to 0'07 per cent. Vanadium appears, therefore, to be somewhat widely 
diffused, hut it uever occurs in large quantity, and has, indeed, been hitherto regarded as 
one of the rarest of the metals. Quite recently, however, a more productive source of 
it has been discovered by Eosooe (Proo. Boy Soc xn. 2231 lu some of the copper- 
beariug hods of the Lower Konper sandstone of the Trias, worked at Aldoiley Edge and 
Mottram St Andrews, in Cheshire In working up a pine cobalt-ore from Mottram, 
a large quantity of a limo-preeipitate was obtained, containing nearly 2 per cent, of 

Extraotion —1. Piom the refinery slag of the Taberg iron-ore — The 
fluely-pulvsnsed slag is deflagrated with nitie and carbonate of sodium , the fused 
mass IS digested with boiling water , and into tho crude solution of potassium-vana- 
date thus obtained, lumps of sal-ammoniac are introduced, whereby vanadate of am- 
monium, which is insoluble in a saturated solution of sal-ammoniac, is deposited in 
crystallino grains This salt, when ignited m an open vessel, leaves pure vanadinm- 
pentoxide (Berzelius) 

2 Prom certain kinds of pig-iron — The grey pig-iron smelted from the oolitic 
iron-ores of Weethiuy, in Wiltshire, contains, according to Eiley (Chem. Soc I xvii 
21), .about 0 7 per cent, vanadium, which becomes concentrated in the graphitic residue 
lift on dissolving the iron in hydrochloric acid On treating this residue with pot- 
ash-ley, to free it from silica, and burning the remaining graphite with free access of 
air, a niixtiiro of tetioxide and pentoxide of vanadium is obtained. (Eiley ) 

3 Prom native vanadate of lead — The solution of the mineral in nitnc acid is 
freed from load and arsenic by snlphydric acid , tho blue Altered liquid is boiled for 
a short time, and then evaporated to drynfcss at a iiioderats heat , the dark-red residue 
is boiled W'lth a saturated solution of ammouium-carhonate, which is added from time 
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to time , and the liquid is filtered at the boiling heat. On coolins, it dOTOsits white 
needles of ammormnn-vanadate, whieh may bo purified by recrystalhsation, (John- 
ston, N Edinb. T of Sc, v 166, 318 ) 

4. Erom the limo-preeipitato, obtained, as already mentioned, in worlang 
the oobnlt-ore of Mottram in Cheshire. — This procipitate, containing mainly 
arsenic, iron, lead, copper, ranudium, and lime, with sulphuric and phosphoric acids, 
was first well furnaeedwith ground coal, to drive off the greater portion of the arsomc; 
then roasted with one quarter of its weight of sodo-ash, so as to convert the vanadium 
into a soluble vanadate; and on lixiviation, arsenic and tho heavy metals were com- 
pletely thrown down by sulphuretted hydrogen. The deep blue solution was neutra- 
lised by ammonia, the prac;pitatod vanadium-oxide, dried and oxidised by nitric acid, 
and tlie etude vanadio acid thus obtained was boiled out with a saturated solution of 
ammonium-earhonate. Tho slightly soluble ammonium-vanadate was washed and 
I’earystalliscd. In order to prepare pure vanadio acid from tins salt, it was roasted, and 
the powdery acid thus obtained was suspended in water into which amraonia-gis was 
passed ; the dissolved ammonium-vanadate was separated by filtration from a residue 
coutaming silica, phosphates, &o. The pentoxide obtained by heating this salt was 
free from phosphorus. A second method of preparing the pure vanadium-pentorido 
consists in decomposing tho pure oxychloride with water, and freeing the acid from any 
traces of silica by expoanro to hydrofluoric acid gas Great difiiculty was experienced 
in obtaining vanadium free from phosphorus , all the native vanadates contain large 
quahtities of phosphorus. (Koscoe.) 

Metallic vanadium remains when vanadium-nitride is heated to whiteness in am- 
monm-gas (Ulirlaub, Pogg. Ann cm. 134), but it does not appear to have been 
obtained quite pure. 

Borauluis, by igniting vanadiiim-poiitoxido with pota.ssium, and washing out tho 
fused mass with water, obtained a brilliant metallio-loolciug powder, which has been 
hitherto regarded as pure vanadium , but Eoscoe has shown that it is an oxide 

Compoundsof Vanadium. — ^Berzelius, to whose elaborate researoh. pubhehed 
in 1831 (Pogg, Ann. xiii. 1), we were till lately indebted for nearly all om' knowledge 
of the vanadium-compounds, obtained three oxides, to which he assigned the formulte 
VO, V0‘, VC^ (K = 68 6, 0 = 8), he also obtained a chloride corresponding to tho 
highest oxide, namely TCP. According to these results, vanadium was regaided as 
a metal belonging to the same class as chromium, molybdenum, and tungsten. Tins 
view, however, was somewhat difficult to reconcile witli the observed fact of the iso- 
morphism of certain vanadium-compounds with analogous compounds holonging to the 
pliosplmtua and araemo groups ; the mineral vanadinite, for example, which is a com- 
pound of lead-vanadate and lead-chloride, is isomorphous with apatite, pyromorphte, 
and nnmetesite— minerals consisting of calcium-phosphatoehloride, lead-phos^iato- 
clilonde, and iead-nvsonatocliloride. This anomaly induced several chemists to suspect 
that vanadium might really belong to the phosphorus and arsenic group of elomouts. 
B aumgart on, in particular (Jahresb. 1866, p 219), waslodto this conclusion by ob- 
serving among tho last crystallisations from tho soda mothor-liquors at Schoningen, 
colourless crystals, consisting of phosplintofluoride of sodium, 2Na’P0'.NaP.19H“0, 
in winch the phosphorus was partly replaced by arsenic, and to a greater extent by 
TOiiadmm (the crystals containing fr'om 0 89 to 1'06 per cent vaiiadic oxide). Baum- 
garteu likewise obtained perfectly similar ciystals, containing the samo proportion of 
v.inadium, by direct synthesis. 

Such observations could not, however, ho regarded as having much weight against 
the definite cxporimentul results ofBerzelius, which showed bwond doubt that, if the 
lowest of the three oxides ohtiiuied by him is a monoxide, VO, tho highest must 
be a tnoxido, TO’ This conclusion was based .— I. On the constant loss of weight 
which the highest oxide undergoes on reduetiou in hydrogen at a rod heat — 2. On 
tlie action of clilorine uii this reduced oxide, whereby a volatile chloride is formed, and 
a residue of vanadic oxide obtained, which is found to he exactly one-tliird of the quan- 
tity originally taken for reduction in hydrogen. These losuits may be represented by 
the following equations . 

(1) vc^ + m = VO + mev' 

(2) 3 FO + cz« = Fo> + 2ra>. 

Bat the recent oxpcvinieiits of Koscoe, whilstfully confirming these fundamental 
results of Berzelius, and proving that if the atomic weight assigned to vamidium by 
tliat chemist, viz. 68'6, bo convet, the formiil® of the oxides must he VO, VO"-, VO', 
01 V’O, V-'O'-', V'0“, and that of tho volatile chloride VCl*, have shomi, on the other 
hand, — 1. ThattliesupposedmetalofBerzeUuaisreallyan oxide —2. That the quantities 
of oxygen in this and tho three higher oxides, united with thesame weight ofvanadnim, 
rii'c to one another a.s the nniiiheis 2, 3, 4, 5 — these four oxides being, in fact, represeiitid 
b) the formulu V-0“, Yhj’, V'O', V*0“, analogous to those of the oxides of uitiogcn 
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(neglecting themonoxide), — 3. That, the supposed trichloride obtained by Berzelius is an 
oxychloride, v OCl®, related to vanadic oxide, V’0“, in the same manner as phosphorio 
oxyolilonde is related to phosphorio oxide. The quantitative lesults of the reduction 
of vanadio oxide m hydrogen, and the treatment of the reduced oxide by chlorine, are 
represented on this view by the equations . 

V*0« + 2H“ = Y‘0‘ + 2BPO 
SV’O" + 6C1» = V"-0« + -tVOCl*. 

Eoscoe has further pointed out that vanadio oxide forms, with metallic oxides, two 
classes of salts, analogous in composition to the orthophosphates and metaphosphatos 
(p. 901) It may therefore be concluded that vanadium exhibits In all respects the 
characters of a metal belonging to the phosphorus and arsenic group. 

VASTADltTBZ, BRomiDES Or. No bromide of vanadium has yet bcou ob- 
tained in the free state The BO-caUed tribromide obtained, by Schiifank, is an oxy- 
hromide, VOBr® (p. 992) — The tetrdbrmtade, VBr’, is probably contained in the blue 
solution of vunadium-tetroxide in hydrobromic acid This solution dries up lu a 
laouum to a blue gum, which becomes violet-hrown when heated, but is still perfectly 
soluble in water. The aqueous solution gives off a greenish-grey precipitate with am- 
monia. 

VANAEITTm:, CSZiORinss or. None of these compounds are known m the 
free state — The tutraohlonde, VOB, probably exists in solution and m two isomorie 
modifioatioiis . 

o. Vanadic acid, boiled with strong hydroohloric acid, gives off chlorine and forms a 
blue solution, which, when concentrated by evaporation, yields a blue syrup not pre- 
cipitated by aiooliol. Whan perfectly dried by heat, it loaves a brown oxychloride no 
longer quite soluble in water. 

/3. Vauadium-tetroxide dissolved in strong hydrochloric acid forms a brown solution, 
which, when left to evaporate, yields a black liquid, bocoiiiing brown ag.iin on dilution. 
The brown solution turns blue when evaporated by heat, or on addition of strong 
sulphuric acid. Ammonia added to the brown solution forms a greemsh-hrown pre- 
cipitate, insoluble in water. 

Several oxychlorides of vanadium have boon obtained (p 992). 

VAMASiUBS, SSTSCTIOXf AWD BSTMWATIOM’ Or. 1. Slowptpe 
lieaotiona — All compounds of vanadium heated with borax oi phosphorus-salt, pro- 
duce a clear bead, which is eolourless if the quantity of vanadium is small, yellow if it 
is laiw I in the inner flame the bead acqmieS a beautiful green colour 

2, Iieaot^ons in Solution. — Vanadium-dioxide (the metalbc vanadium of Ber- 
zelius), may be obtained in solution by tlie action of nascent liydi-ogenon a solution 
of the pontoxide in sulphuric acid The solution of hypovanadi ous sulphate 
thus obtained has a lavender colom’, and is an extremely powerful reducing agent. 
(See p. 987 ) 

Vunadium-tetroxide, or vanadious oxido (the dioxide of Berzelius) dissolves in 
acids, forming salts called vanadious s alts, most ofwhich ate of a blue colour, Vaua- 
dious salts form, with the hyiraies and monocarbonates of the fixed alkalis, a greyish- 
white precipitate of hydrated vanadious oxide, which dissolves in a moderate excess 
oi the reagent, hut is prampitated by a large excess, in the form of a vnnadite of 
the alkali-metal — Ammonia m excess produces a brown precipitate, soluble m pure 
water, but insoluble lu water containing ammonia — Ferrocyanide of potassium forms 
a yellow precipitate, which tiims green on exposure to tho air. — Sidphunc aoid pro- 
duces no precipitate. — Sulphide of ammonium forms a black-brown precipitate, so- 
luble in excess — Tincture of galls forms a finely- divided black precipitate, which gives 
to the lii^iud the appearance of ink. 

Vanodmm-tetroxido also unites with the more basic metallic oxides, forming salts 
called vanadites, all of which are insoluble, except those of the alkali-metals The 
solutions of the alkaline vanadites are brown, but when treated with aulphydric acid, 
they acquire a splendid red-purpls colour, arising from the formation of a sulphiu-- 
salt.— Aoufo colour tiioui blue, by forming a double vanadious salt; tincture of galls 
colours them hlaekish-blne. Tho insoluble vanadites, when moistened or covered with 
water, become green, and are converted into vanadates. 

Vanadium-pentoxide, or vanadic oxide, reacts for the most part as an acid oxide, 
iiiiitmg mth bases to form salts called vanadates These salts aro all more or less 
soluble in water ; the banum- and lead-salts, however, are very sparingly soluble. 
The alkaline vanadates are sparingly soluble m cold water, especially if it eontams 
free alkali or another alkaline salt .eg, vanatbite of ammonium is nearly insoluble 
in water eoiitaining sal-ammoniac ■ hence, on treating a solution of potassium-vana- 
date with excess of sal-ammoniac, a precipitate of aimnoniiini-vanadate is produced. 
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The aqueous aolntions of the raniidates are coloured red hythe stronger acids, hut the 
mixture often hecomes colourless .igain after a while. They give oraiigh-red pieoipi- 
tatos mth tlie antwionious, plumbic, cupt-ie, and mercuric mils Sulphjdnc acid pro- 
duces, in iiontnil solutions of the vanadates, a mixed precipitate of sulphur and hy- 
drated vanadioiis oxide, in acid solutions it merely throws down sidphiu', and reduces 
the vanadic oxido to vanndious oxide. — Sulphide of ammonmni imparts to solutions 
of tile vanadates a hrown-red. colonr, and, on adding an acid to the solntion, a light- 
lii’QWu precipitate is formed, consisting of vanadic sulpliido mixed with sulphur ; the 
liquid, at the same time, generally acqnires a blue colour 

Vanadic and chromic acids are the only acids whose solutions are rod ; they are 
distinguished from one another by the vanadic acid becoming bine, and the chromic 
acid gi'ceu, by deoxidation 

When a solution of vanadic acid, or an acidulated solution of an allcaline vanadate, 
is shaken up with ether containing hydrie peroxide, the aqueous solution acquires a 
red colour, like th.at of ferric acetate, while the ether remains colourless. This leac- 
tion will serve to detect the presence of 1 pt of vanadic ucid in 40,000 pts of liquid. 
The red colouring is also produced hy ozonised oil of tni'pentina, and by hjdric per- 
oxide alone ; also hy ordinary ether not eontiuniug hydric peroxide. Chromic noid, 
even in considerable quantity, does not interfere witb the reaction. (&. W either, 
J, pr. Ghem. Ixxiui 196 ) 

3, EeUinatton and Separation. — ^Vanadium, in the form of free pentoxids or 
totroxide, is estimated by leducing it to trioxido by ignition in a stream of hydrogen. 

In solutions of Van.ulitps, tho vanadium is precipitated hy mixing the solution with 
excess of mercuric chloride, and then mth ammonia. The precipitate, consisting of 
mercuric vanndite .and chloride of dimercurammonium (white precipitate) is ignited m 
contact with tho air, whereupon vanadimn-pentoxide remains mixed only with a small 
quantity of mcroivrio oxide, from which it is separated by solution in carbonate of 
ammonia. 

When vanadic acid is dissolved in a Hqiud not containing any other fixed constitu- 
ents, it may be separated us vauudmm-peiitoxide by evaporation, and if volatile acids 
or ammoni.a are also present, by igniting the residue. 

Vanadic acid may bo neparated from many acids and other snbstaneos, by oausingit 
- to unite With ammonia, expelling the exeess of ammonia by evaporation, and then 
adding a saturated solution of sal-ammomac, in which vanadate of ammonia is luso- 
luldo. The precipitate is then washed on .a filter, first with solution of sal-ammomac, 
then with alcohol, and the ammonia driven off by ignition. This method serves to 
separate vanadium from the alkali-metals. i 

Vanadium may bo separated from many of the preceding metals by the soluhihty 
of Its sulphide in siilpMo of ammonium , and from others, which are precipitated 
from their acid solutions hy snlphydrio acid, hy acidulating tho liquid and passing 
Bulphydnc acid gas through it, the vanadium then reimuns dissolved in the form of 
vunudious oxide 

h'rom lead, barium,, and strontium, vanadic noid may he separated by fusion with 
acid sulphate of potassium , on treating tho fused mass with water, snlphato of lead, 
barium, or strontium remains, while vanadate of potassium is dissolved Sulphuric 
acid aonnot be used to effect this separation, because tho precipitated sulphate always 
carries down with it a portion of the vanadium. (Berzelius ) 

Vanadium may also bo separated from these metals, and from all others which form 
insoluble carbonates, by fusing tho vanadate with twice its weight of sodium-carbonate, 
digesting the fused mass in water, and washing the undissolved portion, (v Hauer, 
J". pr, Ohem. Ixii. 386 ) 

Atomic Weight of Vanadium. — The atomic weight of this metalhas been de- 
termined m two ways • — o By igniting vanodinm-peutoxide, V*0®, in pure dry hydro- 
gau-gas, whereby it is reduced to the tnoxide, V'‘0®. Tho atomic weight of vanadium 
IS then determined from he equation: 

_ 8 (65-3u) 
a—b ’ 

where a = the weight of vanadmm-pentoxido taken ; 

,. i ■= „ vanadium-trioxida obtained 

Eoscoe, in four experiments, obtained the following results : 

WolBbt of Weight of Atomio 

No pcmoxiiio lilo-ido weight of 

t«iKoti obtained. yaniuUum. 

1. 7 7397 6-3S37 61'26 

2. G 5819 6 429G 61-39 

3 6 1895 4 2819 51-48 

4, 6 0450 4-1614 51-36 
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The mean riomic weight deduced from these experiments is 61'37, with a mean error 
of + 0 066. Berzelius found, as a mean of four experiments, that 120 927 pts. of the 
poutoxide yielded 100 pts of trioxido, which give.s, according to the above equation, 
V = 62 55 * The difference is probably due to the fact that the vanadium employed 
by Berzelius contained a trace of phosphorus, which prevented the complete reduction. 

P By the analysis of YAnadium-oxytriehloride or vanadyl-trichloride, VOCl”. — The 
chlorine in this compound wos estimated both by Gay-Luasac’s volumetric process, and 
by weight-analysis Nine volumetric determinations give 61 308 per cent, chiorine , 
seven gravimetric determinations give 61 241 per cent TVom these numbeis an atomic 
weight of 51 06 13 obtained for vanadium • The mean of 51 06 and 61‘37 (the number 
obtained from the reduction experiments), viz. 61'21, is regarded as the true atomic 
weight of vanadium. (Boseoe) 

VAirADIUlVI, FXiTTORIDES OS'. Vanadium-tetroxide dissolves in hydro- 
fluoric acid, forming a blue solution, which yields, by spontaneous evaporation, a 
greenish syrup and green crystals, probably consisting of the hydrated totrufluoride. 
It forma light-blue double salts with the fluorides of potassium and sodium 

Vanadium-pentoxide also dissolves in warm aqueous hydrofluoric acid, and the 
solution, evaporated at 40°, leaves a white mass, which dissolves perfectly in water, 
but, when strongly heated, leaves an insoluble residue of pure vanadinm-pontoxide. 

VAnritniVivx, XOSIBES os'. Vanadium-tetroxide dissolves in aqueous 
hydriodio acid, forming a blue solution, which turns green in contact with the air, and 
yields, by spontaneous evaporation, a brown soinifliud mass, soluble with black-brown 
coloiu' in water 

VAKTADIinvi, UITBZSES OP. There are two compounds of vanadium and 
niti'ogen. — The monomtnde, VN, obtained by heating the compound of van.idium-oxy- 
triohloride with ammouium-elilonde to whiteness, m a curreut of ammonia-gas, is a 
greyish-white powder, uniiltoiable in the am It gave, by analysis, 78 6 per cent vana- 
dium and 214 nitrogen, the formula VN requiring 77 8 vanadium and 20 2 nifrogen. 
(Roseoe.) 

Fiiimdmm-dinifriifo, VN’, was obtained hyUhrlauh (Pogg Ann. cm 134), who 
however assigned to it a different formula, by heating the ummoniura-oiyohlorido in 
ammonia-gas to a moderate temperatiue. It is a black powder, which is strongly 
acted upon by warm nitric acid, and gives off ammonia when fused with potash. 

VAMABIUM, OXXnES OP. The oxides of vanadium are analogous in com- 
position to the oxides of nitrogen, excepting that the one corresponding to the prot- 
oxide or monoxide of nitrogen bus not yet been obtained. The complete series is as 


Vanadium-monoxids (hyp ) . .... . . V'O 

Vanadium-dioxide, Hypovanadious oxide, or Vanadyl . V‘0'® 

Vanadiiim-trioxide, or Hypovanadie oxide ... ... V*0“ 

Vanadium-tetroxide, Vanadious oxide, or Vanadious anhydride . . V*0^ 

Vauadiura-pentoxide, Vanadic oxide, or Vanadic anhydride .... V'O* 


Vanadlum-dloxlae, V^O“ — This, the lowest oxide of vanadium yet obtained, 
was regarded by Berzelius as metallic vanadium. As it enters into many vanadium- 
compounds (just as uranj'l enters into the uranic compounds), it may be appropriately 
called vanadyl 

Vauadium-dioxide is obtained by reducing either of the higher oxides with potassium 
(Berzelius), or by passing the vapour of vanadinm-oxytricliloride, (VOOP), mixed 
with excess of hydgogeu, through a eombustion-tuhe containing red-hot charcoal 
(iSehafarik, Ann. (Jh Pharm. cix. 86; Jahrosb. 1859, p 168J As obtained by the 
second process, it forms a hght-grey glittering powder, or a metallically lustrous ciys- 
tallino crust, having a specific gravity of 3 64, brittle, very difficult to fuse, and a 
conductor of electricity When heated to redness in the air, it takes Are and burns 
to black oxide It is insoluble in sulphiinc, liydrocbloiic, and hydrofluoric acid, but 
dissolves easily in nitrumiirintic acid, foiming a daik-blue liqmd. (Schafarik ) 

The dioxide may be prepared m solution by the action of nascont hydrogen, evolved 
by metillio zinc, cadmium, or sodinm-iimalgam, on a solubou of vanadic acid in sul- 
jihuiic acid After passing through all shades of bine and green, the liquid acquires a 
permanent lavender tint, and then contiims the vanadium in solution as dioxide, or as 
by povanadious salt. This compound absorbs oxygon more rapidly than any other 


» Berzelius, regarding the highest oxide at FCP, [0 = 8] and tupposliig it to bo rejoced to VO 
bf Ignition in hydrogen, calculated the atoinlo weight of the metal from the equation ^ ~ “ J, 
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too\vn I'oducing agent, and bleaches indigo and other regetable oolonrs as quicklY ss 
ehlorme (Roacoe.) 

The degiee of oxidation of the -ninadium in the lavender-colouved solution was 
ascertained by oxidising it with a standard solution of Mrmangeiuite By tins method 
:t was found that 160 pts. of vanadnim-pentoxido lost 'i6'63 percent, oxygon on redue 
tion with zinc . the calculated loss from T'O' to is 26 3 

■Whan the neutral lavender-coloured solution of a hypovanadious salt is left exposed 
to the air for a few sceonds, the colour changes to a deep choeolate-biwn from nbsorp 
tion of oxjgen, indeed, this reaction ip as delicate as that of an allcalmo pyrogallate 
If air ho passed through the acid lavender-coloured solution of liypovauadious sulphato, 
oxygon IS absorbed, the liquid iissumos a permanent blue colour, and the vanadium is 
then contained in solntion as tetroxido. If the free aoul contained in the lavender 
solution he neutralised b^' zinc, the liquid, on expjoauro to air, attains a permanent 
brown tint, which, on addition of acids, bocomoa green, the solution then conUiuiing 
vanadium-trioxide. (Roscoe.) 

Vanadium-trloxlde, 'Y^O’, or Vanadyl-monoside, (Y*0“)"0. ■ (Berzelius’s 
Buboxide) — Obtained by igniting the pentoxide in hydrogen-gas, or in a crucible 
lined with charcoal. It is a black powder, with on almost metallic lustre, and infu- 
sible ; by pressure it may be united mto a coherent mass which conducts electricity 
(Sehafarik). When exposed worm to the air, it glows, absorbs oxygen, and 
IS converted into pentoxide At ordinax'y temperatures, it slowly absorbs oxygen, 
and 13 converted into tetroxido. By ignition in chlorine-gas it is converted mto 
vanadyl-triehloride and vanaduim-pentoxide. It is insoluble in acids, but may be 
obtained in eoluuon by the reducing action of nascent hydrogen evolved from mctalho 
magnesium on a solution of vanadio acid in sulphuric acid. 100 pts, of vnnadmm- 
pontoxide wore found to lose, on reduction with magnesium, 17 7 per cent oxygen , the 
calculated loss, ou reduction to V‘0‘, is 17 S per cent. Solutions of vnnadium-trioxide 
may also be obtained by partial oxidation of the lavcndor-coloured solution of the di- 
oxide (Rosooo) According to Schafarik, vanadmm-tnoxido unites withaoids, forming 
ealts (which may be called hyporanadic salts), red in the anhydrous, and green 
:n the hydrated state When the tetroxide or pentoxide is ignited in a glass-tube in a 
stream of hydrogen, the glass acquires a red colour, in consequence of the formation of 
liypovanadio silicate 

Vanadium-tetroxlde, Vanadtoits Oxide or Anhydride. (Berzelius’s 

vanadio oxide. )-rThis oxide is produced, either by the oxidation of the dioxide or tn- 
oxide, or by the partial reduction of tho pentoxide By allowmg the trioxido to 
absorb oxygen at ordinary temperatures, the tetroxide is obtained in blue shining 
crystals. It dissolves in acids, the more easily in proportion as it has been less 
strongly ignited, forming solutions of vanadious salts, which have a bright-blue 
colour. The same solutions are produced by the action of moderate reducing agents, 
such as sulphurous, sulphydric, or oxalic acid, upon vanadio acid in solution , also by 
passing air through acid solutions of the dioxide till a permanent blue colour is attained. 
100 pts. of vanadium-pentoxide, reduced with snlpburoua or sulphydrio aoid, lose 
9-03 per cent. ; the calculated loss on reduction to the tetroxide is 8’76 per cent. 
(Roscoe) 

The principal reactions of vanadious salts have been already mentioned (p. 986). 
Tlie solutions treated with alkaline carbonates, yield a precipitate of vanadious hy- 
drate, which, when dried out of contact with the air, is neutral, has a grey colour, and 
IS insoluble in water. It oxidises readily in contact with the air, acquiring a brown 
colour and acid reaction, and imparting a green colour to water. It dissolves easily im 
acids, and, when ignited, leaves the imhyclronB tetroxide. 

Yanadious phosphate and sulphate have been obtained in defimte oiystals (iv. 586 ; 
v.617) 

Vanadium-tetroxide also unites with the more basic metalbo oxides, forming salts 
called vanaditcs Thoae of the alkali-metals are soluble in water, and are formed 
by dissolving the tetroxide or the corresponding hydrate in caustic aUtnlis ; tho rest 
arc insoluble and are obtained by precipitation —Tho anmonnim-salt is likewise pro- 
duced by adding ammonia to awannsolutionof a vanadious salt (the sulphate, for exam- 
ple), till the resulting precipitate redissolves with black-brown colour. This solution, 
if loft to Itself in a well-closed vessel, deposits vanadite of ammonium ou cooling, as a 
brown crystalline powder, the liquid then becoming eolourless. The salt dissolves in 
pure Water, forming a brown solution, from which it is precipitated by ammonia. — Tho 
poiassium-aalt, prepared in a similar manner, forms brown shining ciystals. 

The insoluble vanudites have been but little examined — The manganous salt is a 
brown powder, whiob, when exposed to the air in the moist slate, oxidises to man- 
ganous vanadate, — Tho mcroui w salt is thrown down, together with chloride of dimor- 
cunmimonium (white precipitate), ou adduig uranioma to a solution of mercuric 
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chloride mixed with a xanadous salt. Tha precipitate, when ignited, loaves vanadium- 
totroxide, still’iretaming a small quantity of mercuric oxide. 

Vanadium-pentoxlde, V=0*. Vanadio Oxide. Vmadw Anhydride. Anhydions 
Vanadk Avid — This as the highest oxide of vanadium. It is prepared by igniting 
vanadate of ammonium in an open platinum-crucible, when cold, it has a rusty -yellow 
colour, bghtor in proportion as the oxide is more finely divided. — ^Tlie pentoxide may 
also be obtained by dissolving the impure tetroxide in strong sulphuric aeid, and 
cvaporaUng the solution. Pure vanadie sulphate, V“0".2S0“.ir'0 (p 617 — there 
called " basic vanadicsulphate, "and represented hythe formula VO”.2SO‘), then remains 
as a light, orange-coloured, sandy powder, which, on ignition, leaves tho pure pentoxide 
(Fritssche, J. pr. Chem. lin. 93) — Very pure vanadium-pontoxido is likewise 
obtained by decomposing vunadyl-tricliloride with water (Schafarik) . 

2V00P -h 3ffO = V-0‘ + 6H01. 

Pure vanadium-pentoxide has a more or less rcddish-yollnw colour ; it is tasteless, 
reddens moistened litmus-paper, and dissolves in 1,000 pts. of water, forming a light- 
yellow solution. When heated, it melts without decomposition, if kept from contact 
with deoxidising substances; and the red liquid crystalliseB on cooling, hecoming 
incandescent at the moment of sohdiflcation, in consequence of tlie heat then suddenly 
evolved. The solidified mass is yellowish-rod, and according to Nordenskjold 
(Pogg Ann. cxii. 160), contains more or less distinct rhombio crystals. 

Vanadium-pentoxide is not altered by simple ignition, but is easily reduced by 
heating with potassium, charcoal, hydrogen, ciubm-etted hydrogen, organic substances, 

. Sse In solution, it is also easily reduced by sulphiu'ous or sulpbydnc aeid, and even 
by niU'ous acid; also by stannous salts, and by sugar, alcohol, and other organic sub- 
stances, the colour of the solution then changing from red or yellow to green and 
blue. The solution of the acid in hydrochlorio acid gives off chlorine when evaporated , 
tincture of galls colours the solution of vanadic acid black, on standing, in consequence 
of reduction. 

Vanadic Eydrate or Vanadio Acid, H-0.V®0‘ + aq. or 2HV0*H=0, is ob- 
tained, by treating a somewhat concentrated solution of on anhydrovunadate of 
alkali-metal ivith nitno acid, as a bullcy flocculent precipitate, which dnos up in tlio 
air to a light hrown-red powder having the composition just mentioned. It gives off 
1 at, water over oil of vitriol, and when dried by heat, forms sohd lumps, having a 
eouohoidal fracture. 

Vanadium-pentoxide dissolves in the stronger acids, forming red or yoUow solutions, 
which are partly decolorised by boding and evaporation, especially when they contain 
excess of vanadium ; many of these solutions yield crystaUme compounds by spon- 
taneous evaporation (Sea Phosphatovakamo Aom, iv. 686, and Siixphates op 
Vahabiijii, V. 617). Alkalis added to the solutions, form precipitates solubls in 
excess. The solutions are easily reduced by oxidisable substances. 

Vanadaths, — V anadium-pentoxide -unitos with buses much more readily than 
with acids When fused with alkaline carbonates, it eliminates 3 at oarbonie anhy- 
dride, forming orthovauadates, analogous to the orthophosphates, e g 
8(Na>'0.00=) + VO* = 8Ka*0.V*0» + 3CO=. 

It also forms metavanadates, analogous to the metaphosphntea, and two senes of 
acid vanadates or anhydrovanadates, viz 

Orthovanad.it03. MWO* “ 3M-O.VO‘.* 

MeUvanadates, MVO’ = " M=0 V*0«. 

Pivanadates, MW’O" = 2MVO«V^O* = M»0.2V0». 

Trivanadates, M*V“0'* «= 2MVO’ 2V*0» = ]V[-'0.3V*0*. 

Motuvauadate of lo.id occurs native, as Seclwmte , the orthovanadate also, combined 
with lead-chloride, as Vanudiniie. Eescloiecte is a diplumbio vanadate, Pb*V*0' = 
2PbO V'O*, analogous in composition to a pyrophosphato 

The metavunadatOB are mostly yellow , some of them however, especially those of 
tho alkaline earth-metals, and of zinc, cadmium, and lead, are eonvoited by warming 
— either in the solid state, or under water, or in aqueous solution, especially m presence 
of a free alkali or alkaline carbonate — ^into isomeno colourless salts The same 
transformation takes place also, though more slowly, at ordinary temperatures Tho 
metavanadates of alkaU-metal are colourless. The acid vanadates are yeUow, or 
yollowibh-red, both m the solid state and in solution , hence tho solntion of a neutoal 
vanadate becomes jeUowish-rcd on addition of an acid. Tho metavanadates of 

• iJ/O.t 0*. acpoviling to the oldatointc wetghu. 
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ammonium, the allcah-mctals, harium, and lead are but sparingly soluble m water, 
the other metavanadaces are more soluble The alkaline t anaclates, are more soluble 
in pure water than in water containing fine alkali or salt ; hence they are precipi- 
tated from their solution, by addition of alkali in excess, or of salts The T.inadates 
arc insoluble in alcohol. The aqueous solutions of ranadatos form yellow prooipitatea 
with antimony-, copper-, lead-, and uiereMi ^-salts , with Unciure of galls, they form a 
deep black liquid. 

Vanadates containing fixed bases are not docompoaed by ignition , strong acids 
turn then- sohitions red, ind when added in excess, often throw down very acid salts, 
Trom condentrated solutions of aeid vanadates, mtno mill tlu-ows down a bulky brown 
precipitate of vanadioacid, retaining a small qu.intity of the base — BydiocMorw and 
decomposes the vanadates, with ovolntion of chlorine and formation of vauiidmni- 
tctroxide —Aretio aoid, in excess, takes away puirt of the base from neutral vanadates, 
converting them into di- and tri-vanadates — Sulphurous acid, alcohol, and other 
Tediioing agents, colour the acid solutions blue, by formation of vanadram-tetroxide. 

The vanadates have been exaimned chiefly by Berzelius, and more recently by 
V Hauer (J.pr Cbom Ixix 38,^, Ixxvi 156,929, Lxxx. 324), and Gzudnowicz 
(Pogg Ann. exi 17, Jahrosb 1863, p 221); their crystalline forms by Grailioh 
{Krystallographiaclm Uniersuchmtgen, Wien u Olmntz, 1868, p. B) 

Vanadates of Ammonium . — ^The metavanadate, (NH*jVO*, is obtained by 
adding an excess of ammonia to the roddisb-yellow acid solution oi vanadic acid lu 
ammonia, then worming it and leaving jtto evaporate, or mixing it with alcohol , also 
by placing a lump of B.il-ammoniac, more than sufficient for saturation, in a solution 
of potassium- or sodium-vanadate (p 985) It sepaiutes in colourless, transparent, 
cr^atalhne crusts, which dissolve slowly in cold water, formuig a •colourless liquid ; 
quickly in boiHngwater, forming a yellow solution. It is decomposed by heat, leaving 
vanadium-pantoxide when heated in contact with the air. Its solution foims, with 
tincture of goHa, a deep black liqiud, which may be used as an insoluble ink, Alkalia 
do not act upon it , acids colour it blue ; chlorine destroys the black colour, but the 
ink dots not fade spontaneouely (Berzelius). — Yellow metavanadate. — The yellow 
solution of vanadic acid in ammonia mixed with excess of ammonia, and left to 
evaporate without warming, yields lemon-yoUow indistmct crystils, which dissolve in 
water with the same colour, and are reprccipitated therefrom hy alcohol. 

The divanadate, 2(Nff)VO“ V-0MH“0 or (NH^y-^O 2V*0’.4H”0, is obtained by 
saturating warm aqueous ammonia with vanadic acid, and leaving it to evaporate; 
or by mixing a boiling solution of the metavanadate, gradually and with agitation, 
with acetic acid, till the precipitate redissolves The yollowish-red liquid, on cooling, 
deposits the s-ilt m large, transparent, orange-red crystals, which dissolve in water, 
and are precipitated by alcohol us a lemon-yellow powder. — This tnmnadate, 
(NH-‘)VO».Y-'0“ BH’-’O oi (NH')»0 SV^O» 6H*0, is obtained by repeated crystallisa- 
tion of the ducid salt fiom water containing acetic acid. It forms large splendid 
rad crystals, which are permanent in the air, more soluble in water than the preceding 
salt, but give off water and ammonia at a moderate beat. (v. Hauer.) 

Vanadates of Sarium.—The metavanadate, Ba'(V0'‘)^ ffO, is obtained, by 
double decomposition, as a yellow gelatinous precipitate, which turns white slowly in 
the cold, immediately when heated The wlute and yellow salts, which have the same 
composition, dissolvo sparingly in water, each with its own colour, and tho solution, 
when left to etaporute, deposits the salt in. white crystalline grams It dissolves with 
red colour in strong sulphuric acid When heated, it gives off w.iter, and turns yellow, 
blit becomes white again on cooling At a ri d heat, it melts to a yellow-brown trans- 
parent mass It IB completely decomposed by fusion with acid sulphate of potassium. 
— The divanadate, Ba''(VO’)*. V'O^ separates by spontaneous evaporation, from a solu- 
tion of potassium-divanadate mixed with ehloiide of bajium, in orange-yellow prisms, 
or on .addition of alcohol, in shining lemon-yellow scales, slightly soluble in water ■ — 
Another and saff, 3BaO 6V‘0M9H*0 =. 3Ba(VO»)“ 2V"0M9H'0, is obtained by 
dropping chloride of barium mto a warm solution of tho divanadate, and then adding 
acetic aoid till the precipitate redissolves. The solution, on cooling, deposits the salt 
in reddish-yellow, shining, ohhquo prisms (v. Hauer ) 

A so-called basic salt (f the orthovanadata) is formed, on mixing the solution of 
the metavanadate with baryta-water, as.a yellow precipitate, which a&r a while turns 
white 

Vanadates of Caloium—Hiie metavanadate is obtained, by slow evaporation of 
ammonium -vanadate mixed with calcinm-diloride, in white or yellowish crystalline 
crusts , It is moderately soluble in water (moie soluble than the strontium .salt), and is 
precipitated hy alcohol — The acid salt forms large, orange-red, non-offlortscont crys- 
tals easily soluble m water — A basic salt (? orthovanadatc) is said to be obtained by 
mixing the solution of the metavanadate with lime-water. 



VANADIUM ; OXIDES. 


991 


Vanadates of Copper — Ctiprio metaiianadate separates, as a yellow precipitate, 
on adding alcshol to a mixture of a euprie salt and potassinm-metaTanadate. — ^An acid 
salt separates, as a yellow crystalline crust, from a solution of acid potassium-Tanadate 
mixed with cupric sulphate 

Cupi ic orihovanadate ocmTB native in volborthite, a mineral found at Priedrichs- 
rodo m the Thuiingian Forest, and at Sysserek and Niachiie-Tagilsk in Eussia The 
mineral from Friedriohsrodo contains, according to Credner’s analysis (Pogg Ann. 
Ixxix 546), 39’02 per cent. V0“, 38 27 CuO, 16'62 GaO, and 6 06 water, together 
with 0 92MgO, 0 62MnO, and 0-76 insoluble matter, agreeing nearly with the formula 
(0u,Ga)®(V0<)^(Cu;Ca)H“0’, that from Eussia appears to bo silndarly constituted, 
but to contain only copper without calcium ; but it has not been analysed. The specific 
gravity of the Thuringian miner.al is 3‘495 , that of tho Eussian, 3 66. Hardness = 
3. Both minerals form small sii-sided tables, spherical, radiate, grivnulo-lammar or 
scaly lumps, or earthy deposits, having an olive-green, gross-green, siskin-greeu, or 
lemon-yellow colour, vitreous and nacreous lustre, and yellow or greenish-yellow to 
greyish streak. The mineral is soluhle in nifcrie acid. 

Vanadates of Lead — Ttio metavaiiadate, Pb(VO’)’, occurs native as dechenite 
(li. 808). It IB also obtained by precipitating either the metavauadate or acid vana- 
date of potassium with acetate of lead It dissolves slightly witli yellow colour in 
water, easily in dilute nitric acid , when it is heated with strong nitric acid, a brown 
suhstaueo separates, probably consisting of a Icod-vanadate containing a very large 
excess of acid. The metavamidate is not decomposed by boiling with aqueous carbonate 
of potassium, and not completelybyboiling with strong sulphuric acid , hut fusion with 
acid sulphate of potassium decomposes it perfectly. — Thedfmwadafa, PbCV’O^/tV'O*, 
IS obtained by precipitating the acid potassium-solt with nitrate of lead, as an orange- 
yellow precipitate, slightly solublo, with yellow colour, in water. 

A diplmnhw vanadate (pyrovauadato), Pb“V®0’ = 2Pb0.V''0*, occurs native as 
desoloizite 

The inphmdno salt, or orthovanadate, occurs native in combination with ohloiido of 
lo.Ki, as vanadinite or vanadite, PhCP SPb'V’O", a mineral occurring atFainapnn 
in Mexico, in tho county of Wicklow m Ireland, at Waulockhead in Scotland, ut Windisch- 
kappel in Oarinthia, and at Beiesowsk in the Ural, in crysuls belonging to the hexa- 
gonal system, isomorphons with pyromorphite and niiraetesite. The crystals usually 
exhibit the combination of tho hoxagon.il prism, roP with the basal face oP and the 
hexagonal pyramid P, having the angle P • P in tho terminal edgoa = 143° It also 
forms kidney-shaped lumps, with fusiform to fibrous sepaiution Colour yellow to 
brown. Lustre waxy to adamantine Transparent to translucent on the edges only. 
Hardness = 3. Specific gravity = 6'8 to 7 2 It dissolves in nitiie acid, forming a 
yellow solution, any undissolved portion becoming covered with a red deposit of vana- 
dium-pentoxide 

Analyses ■ — a Prom Zimapaii (Berzelius) — b Prom Wicklow m Ireland (Thom- 
son, Outlines, i. 674). — o. Prom WindischkappeP crystallised, specific gravity = 6 886 
(BammelsbergiPogg Ann. icvin. 249). — d Prom Beresowak brown crusts on erys- 
tallisBd pyromorphite , specific gravity = 6 863 (Struve, Verb d. mm Gob. zii 
Petersburg 1867) 


Chlorine 

Vanadinm-pentoxido . 
Phosphonc pentoxido . 
Lead-oxide . 


2 66 

70-64 


2 44 
23-43 

73 94 


2 23 2 46 

17 41 16 98 14-64 

0-95 3-08 2 79 

76 70 79 47 78 88 

97 29 101 99 


A cupriooplumiio vanadate calledchileito, occurring as an amorphoiiB brown sub- 
stance in cavities of the massive pyromorphite of Miua Grande in Chile, was found by 
Donioyko (Ann Mm [4], xiv 145) to contain 15 21 per cent. 6 26 As-0', 

0 72 P-0“, 80 66 PbO, 17 88 CuO and 0 37 PbCl-, which nniy be represented, approxi- 
mately, by the formula (Pb,Ca)’(VO')® 3(Pb,Gu)0, the vanadium being partly replaced 
by arsenic and phosphorus 

Vanadates of Lithium — Tiiametavanadaie crystallises from concentrated solu- 
tions, in radiate groups of slender colourless needles, easily soluble in -water — The and 
salt forms large rod efflorescent crystals, resembling acid chromate of potassium, easily 
soluble m water aud not completely precipitated by alcohol 

Vanadates of Potassium — Tho metavanadate, KVO* or K^O.V’O’, disolvea 
slowly in cold, easily in boding water, ivith difficulty in water containing potash. The 
solution yields, by spont.anoous evaporation, a syrup which dries up to a white earthy 
mass, melting n-hen heated to a transparent yellow liquid, and boLoming white again on 
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cooling — The aetd. salt, 2KV0“.V*0‘',3H-*0, or K’O 2V-0’.3I[*0, is ottamed by 
fusing the raotavanodate wth vanadium-pentoxide, or by boiling it with addition of 
water. It forms broad, reddish-voUow, ciystallme laminie, slightly soluble in cold, 
abundantly in boiling w.iter. Tbo crystals, wlieu bentod, give off their water, and 
turn brick-red ; the dry salt is easily fusible, and forms a yellow mass on cooling The 
salt IS partially decomposed by boiling with a small quantity of water, metavanadata 
and divanodate dissolying, and a mure acid salt remaining behind. On mixing a cold 
concentrated solution ol the divanadate with caustic potash, the divanadate partly 
Boparatoa unaltered, but if the two solutions are mixed hot, metavanadate is produoed. 

Vanadates of Silver — The mefavanadate is a gelatinous, yellowish, or whitish 
precipitate, soluble in nitric acid and in very dilate ammonia, and precipitated from 
the latter solution by coneeutratod ammonia. It is not completely decomposed by 
hydrocblorie acid — ^The acid! salt is yellowish-red, slightly soluble in water, easily 
soluble in nitric acid and in very dilute ammonia It melts below a red heat, and crys- 
talligos on cooling The ammonineal solution yields, by evaporation, crystals of ainmo- 
nio-argentio vanadate. 

Vanadates of Sodiiun —The wfaBanadflfc resembles the potassinm-salt. — The 
divanadate, 2l!faV0’.V=0‘ SH-'O = Na'O 2V’'0».9H''0, is prepared like the oorre- 
sponding potassium-salt, and separates, by spontaneous evaporation, in lai’ge crystals of 
a splendid oiange-red colour It is but slightly soluble in water, even at the boiling 
heat • nevertheless, 1 pt. of it imparts a distinct yellow colour to 200,000 pts. of water 
It effloresces in dry air, acquiring a rusty-brown colour, melts at an incipient red heat, 
and forms, on cooling, a shining, amorphous, varniBh-hke mass of a dark-rod coloui’ 

A plmphatovamdaie of sodium is obtained by heating a mixture of vanadio and 
sodic phosphates with nitric add 

Vanadates of SironHum. — The wiefatianadafe, Sr(YO®)*, is gradually precipi- 
tated by chloride of strontium fflom metavanadato of ammonium, in white crystalline 
grain.s It is more soluble than the barium-salt The solution, mixed with strontia- 
water, forms, after some time, a yoUow precipitate, which afterwards turns white (pro- 
bably the orthovunedale). — The divanadate, Sr(VO")'‘ V-'O® 0H-O = Sr0.2V“0’ 9H*0, 
separates on cooling from a hot very strong solution of sodium-divanadate mixed with 
chloride of strontium, m shining orange-red crystals, having the form of sodium-diva- 
nadate. It is not very soluble m water, but more soluble than the barium-salt The 
oryetals do not effloresce even in dry air. — The invanadaie, Sv(V0")b2V-0M4H“0 = 
Sr0.3V“0M4H-O, is prepared by mixing a solution of an alkaline divanadate with 
acetic aoid and strontium-chloride, and beating the liquid nearly to the boiling-point 
A straw-yellow basic salt is then deposited, and the deep-red flltrate evaporated over 
oil of vitriol yields crystals of the U'lvnnadate By reerystalUsation, with addition of 
a large quantity of free acetic acid, it is obtained pure, in large, red, diolmio crystals, 
exhibiting a golden-yellow aurfoce-luatre by reflected light. They ere pemanent in 
the am, give off 8 at. water at 1 00°, turn j oUow, and melt at a low red heat to a dark- 
red liquid which soUdifi.es to a crystalline mass on cooling The salt dissolves easily, 
and without decomposition, in watei', on addition of acetic acid. (v. Hauer, 1. pr 
Cbeni. Ixxvi. 160.) 

Vanadates of Vanadium — Several oxides of vanadium, intermediate in com- 
position between the tetroxide and pentoxide, and perhaps consisting of eoinponnds of 
the two, are described by Berzelius. They ore produced by direct oxidation of the 
tetroxide, or by mixing vanadions salts with vanadates in various proportions. The 
compounds thus characterised are — 1. Apiirple oxide, formed when vanadions hydrate 
is left for twenty-four hours in a vessel not perfectly closed , 2 A green oxide con- 
taining T=0b2V’0*; 3. A yellow-green oxide, V'0“.4V^0’ , and 4, An orange-yeUow 
oxide (.See Gmelin’s iv 84.) 

The remaining vanadates have not been examined with sufficient exactness to render 
special description necessary. 

VAN ADIUltt, O3C-VSIt0iai3>E ON, or VANAEVXi-BROlVIIEE, VOBr*.- - 
This compound (regarded by Schafarik, who discovered it, os tribromide of vanadium, 
VSi'^), is formed l*o the corresponding oxychloride, by igniting a mixture of vana- 
dium-tetroxide and charcoal in bromine-vapour. It foniis needle-shaped crystals, having 
a doik-browu colour and blue metallic uideseence. (Schafarik ) 

VANADX17B1C, 03t;YCKX.0BXDBS OP.-a Vanadium-oxytrichlaride, or 
Vanadyl-triohloride,'VOGV (usually regarded as vanadium-tnohloride), is pre- 
pared- (a). By tho action of chlorine on vanadmm-tooxide 

3V-0“ -1- 6C1» - V“0“ + 4TOC1’. 

(0 ) By ku-ning the dioxide (Berzelius’s metal) in ohlorine-gas, at a red heat, a 
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greenieli-yellQiW vapour being then formed, whioli condenses to a liquid. — (7,) By ^njssing 
clilormo-gas oier an ignited mixture of tho trioxiJe, letroxide, or pentoxido ot vana- 
dium, with charcoal, and eondensing the resulting vapours m a cooled tl-tube The 
liquid IS freed from excess of chlorine by passing dry air through it, or by rectifying 
it over mercury 

Viinadyl-trichloride is a golden-yellow liquid, of specific gravity 1‘784: at 20°, 
(Sehafarik), 1841 at 14 5" (Boseoe). Boiling-pomt 127". Vaponr-donsity « 
6’41 (Sahafarik), 6'108 (Boseoe), calc (2vols) = 6119. 'When exposed to the 
ai^, it emits cinuahar-coloured vapours, being resolved by the moisture of the air into 
hydrochloric and vanadic acids. With a small quantity of water, it becomes turbid, 
from separation of vanadic acid , with a larger quantity, it forms a dear pale-yellow 
solution, which when loft to itself for some time, or more quickly when heated, gives 
off chlorine, turns green or bine, and then contains vanadium-tetrachloride, or the cor- 
responding oxide, or vanadyl-dichlonde The same effects are produced on dissolving 
vanadyl-trichloride in hydrochloric acid The recently prepared solution in hydxo- 
ohlorie acid dissolves gold. Vanadyl-triehlonde dissolves also m alcohol, the solution, 
however, being quickly reduced to a lower chlondo (Sehafarik) 

The following experiments show that this compound contains oxygon • — (l.J The 
vapour, passed over perfectly pure carbon at a red heat, yields carbonic anhydride. — 
(2.) It oxidises magnesium, converting it into magnesia. — (3 ) It converts sodium into 
oaustio soda. — (4.) Its vapour passed, together with hydrogen, through a red-hot tube, 
yields vanadium- tnoxide (Boseoe) 

$. Vanadium-oxydioUonde, or Vanadyl-dioMorule, VOOl® — This compound, obtained 
by tho action of zino on vanadyl-triehlonde at 400°' m sealed tubes, is a light- 
green crystalline solid, having a specific giavity of 2 88, insoluble in water, deli- 
queseipg on long exposure to the air, easily soluble in acids, ^osc oe.) 

7 . Vanadium-ox^mojiochlonde, or Vamdyl-monochlondc, VOCl, formed by the action 
of hydrogen upon vanadyl-trichloride ot a red heat, is a brown, light, powdery solid, 
insoluble in water, hut easily soluble in acids (Boseoe ) 

8 . Jhvanadyl-monoaMaride, V-0’01, is also formed by the action of hydrogen at a 
red heat. It is easily separated from the preceding compound, as it is a heavy, 
shining, metaUio powder, resembling mosaic gold. (Boseoe ) 

VAITADItnn, SUI.PBIDES OF, Two vanadium-sulphides are known, cor- 
responding to the tetroxide and pentoxido. 

The tetrmiVphidi or Vanadwus sulphide, V*S*, is produced by beating the tetroxide 
to redness in a stream of snlpbydric acid gas It is black, very friable, of sp'. gr 
4 70, insoluble m water, aqueous alkalis, and sulphides of aUcali-metal, not altered 
by hydrochloric or sulphuric acid, hut converted by nitric acid into vanadioue sulphate 
TOen heated in the air, it burns, producing sulphurous aud vanadic anhydrides. 

Hydrcded vanadious mtlphde is obtained by dissolving a vanadious salt m excess of 
an alkabne monosulphide, and precipitating with hydroehlorio acid. The precipitate 
IB brown at first, hut bf comes black, without decomposition, on washing and drying. 

Vanadious sulphide unites with basic metallic sulphides, forming salts called 
sulphovanadites. Those of the alkali-metals are obtained by dissolving the 
hydrated sulphide in monosulphide of ammonium, &e., or by treating a vanadite with 
excess of sulphydrio acid. These sulphosalts are black m the dry state, purple-hrovm 
in solution (like the permanganates) The other sulphovanadites are insoluble in 
water, and are obtained by precipitation. (Berzelius.) 

Pmtasidphxde of Vamdvum, or Vanadw sulphide, V*S“, cannot be formed in the dry 
way, but is obtained by dissolving tbe pentoxido, or an alkabne vanadate, in excess of 
alkalme monosulphide, aud preeipitatmg with hydrochloric acid It is brown when 
moist, black in the dry state, but yields a brown powder. When heated in a retort, 
it IS resolved in sulphur and the tetrasulphide ; by heating in the air, it is oxidised to 
sulphurous and vanadic anhydrides It dissolves, with red-brown colour, in aqueous 
solutions of alkaline carbonates, hydrates, and siilphydrates. 

Vanadic sulphide unites with baeie metallic sulphides, forming the sulphovana- 
dates. Those of the aUrali-metals aro soluble mwater, and are obtained by dissolving 
vanadimn-pentoxide in excess of alkabne sulphide, or by treating tbo alkaline vana- 
dates with excess of sulphydric acid ; in the dry way also by fusing vanadium-com- 
pounds with alkali and sulphur. 

The sulphovanadates of alkali-metal are brown in the dry state, red-brown in 
solution The aqueous solution of the potassram-salt gives, with alcohol, a scarlet 
precipitate, which turns browu when wa^ed with alcohol — ^The sulphovanadates of 
barium, calcium, and strontium may be obtained as crystalline powders, slightly 
soluble in water All the other sulphovanadates arc insoluble m water, and are 
obtained by precipitation (Berzelius.) 

VoL. V. 3 S 
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■CAWADYIi, Syn. with Vanabhimi-Monoxidh (p. 087). 
VAXTADYIi-BItonilOi:. See Vanadhim, OxiBEOMroa or (p. 992). 
VAKTABYlb-DICHXiOKXDE. Syn. with Vanadtoi-Oxtohioeide (p. 993), 
VAWABYI.-XK.lCHIiORrDB. Syn. with VANABroM-Ox-mucHLOKiDE (p 003), 
VAlTIBIiA. Vamllc. Vaniglia, — The fruit of Vanilla plamfolia, a climbing 
orchidaceous plant growing wild in Mexico, Brazil, and Gumna, and cultivated in 
Jamaica, Trinidad, Manritiiis, Ceylon, Java, and other tropical countries. The pojs, 
which arc nearly cylindrical, five or six inches long, and a line or two thick, have a veiy 
pleasant aromatic taste and sinoU, and are often covered externally with white 
shining crystals of vanillin, which is their principal constituent. They also contain 
an iron-greening tannin, a non-drying fat-oU, wax, resin, &o. 

Vanilla is used for flavouring ices, creams, chocolate, &o, ; also in medicine in the 
form of powder and ot alcoholic tincture. 

VAiriZiIiXC ACIXI. Syn. with VAini:.i.iiir 

VAWlIiI.rM', C'“H“0“ (Gohley) ; C”H®0''>(Stokkebyo), the neutral odoriferous 
principle of vanilla, was formeily mistaken for benzoic, and aftorwards for cinnamic 
acid. It was first recognised ns a peculiar substance hy Bley (Jahrosb. 1808, p 636 , 
1869, p. 608J, further examined hy Gohley (,T Pharm [3], xxxiv. 401 , Jnhresh 
1858, p. 634), and afterwards hy Stoklcehye (Jahresh. 1864, p, 612), who designates 
it as vanillio acid 

Vanillin may he prepared hy mixing the alcoholic extract of vanilla with water to 
a syrupy consistence; agitating with other, evaporating, and treating the residue with 
hoiliag water ; again evaporating, and treating the resulting crystals with animal 
charcoal (Gohley) It crystallises in long, coloiirloss, four-aided prisms, hevellcdat 
the ends. It is nearly msoluhlo in cold water, moderately soluble in hot water, more 
easily in alcohol, ether, and volatile oils. The alcoholic solution has a faint aoid 
reaction. It melts at 76° (Gohley), at 82° (Stokkohyo), begins to sublime at 160° 
(Gobley), and distils over with vapour of water (Stokkebye). It dissolves m 
strong sulphuric acid and in caustic potash. Nitric acid converts it into oxalic acid. 
VAPOURS, uawstTY OT. See SpBciFio GfiAvmr (p 365). 

VAPOURS, liATEWT RBAT OR. See Heat (iii. 96). 

VAPOUR, XBNSIOW- OP. See Heat (ui. 81) 

VAREC, The name applied in Normandy to the ash of seaweed, used as manure 
and for the preparation of biomine, iodine, and potassium-salts. In Scotland the same 
substance is called kelp (p 210). 

VABEirEA>XUICE. Sucaus varenna — ^The juice of Varema pol^/staolia, a 
leguminous plant indigenous in Mexico Wlien dry, it has a brownish vitreous gloss, 
and consists almost wholly of tanmu. (Soubeiran, J. Pharm. [3], xxviii. 190.) 

VABXOIiARIA. A genus of lichens, several species of which, viz. V dealbaia, 
V aa^argilla, V. ordna, and others, are used for the preparation of archil — V. amara 
contains a hitter substance called picrolicheuin (iv 642), 

VABIOXiARIN. The name applied hy Rohiquet to a orystallina body, which he 
obtained from that portion of the alcoholic extract of Vanolana dealbaia which is 
insoluble m water. It was probably leconoric or orsoUic acid. 

VABIoXiXTE. A flne-gramed to compact diorite, enclosing roundish lumps of 
felspar. 

VABISOXTB. A hydrated aluminio phosphate, occurring in quartz and silicious 
shale at Moshaeh in the Sason Voigtland It coutams small quantities of ferrous 
oxide, chromic oxide, magnesia, and ammoma, and is apparently related to tiirquois 
(iv 661), It is non-crystaUme, has au apple-green colour, and faint waxy lustio , 
liardnesB = 6-0 to 6-6. Speeifio gravity = 2 34 to 2-38. (A. Broithanpt, J. pr. 

Ghem X. 607.) 

VABEXSH, Verms. Firrma. — A. solution of a resinous substanco spread over 
the surface of wood, metal, &c., and forming shining, transparent, hard crusts, capable 
of resisting the influence of air and moisture. The principal' resms used for making 
varnishes are copal, anpni, mastic, and sandarach ; the solvents are spirits of wine, 
turpentine-oil, or linseed and other drying oils. 

Crystal varnish for maps, prints, drawings, &o. is made by dissolving Canada bal- 
sam in the best oil of turpentine. (See Vris Bwiiomry of Arts and Manvfojotures, 
iii 040) 

VARVICITE. A manganoso-orefrom Warwickshire, consisting, aoeordmgtoEaiii- 
melsborg, of Mn0'.'Mu*0“.II-0 , .iccording to Phillips, of Mn0.3Mu®0®.II“0 (lii, 818). 
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VASOUliOSB. A substance constituting, according to Frdmy (Xihresb 185iJ, 
p 538), the pnneipal part of tbo vessels of voud. It is distinguished by its insolubility 
in concentrated (toida and in cuprate of ammonia, and is prepared by treating wood, 
first with dilute potash-ley, then repeatedly with Iiydroehloric acid, afterwards with 
cuprate of ammonia, and ftnaHy with cold hydric sulphate 

VATEKra.. F. tndica, a ti-ee growing in Malabar, yields a semifluid resin, which 
hardens in the air, and. is used for making Poyme-vamisb 

VAVGHBKITE. The name given by Fournet (Annal. des Mineral. [4], xix. 
149) to a coarse-grained variety of diorite firom the gneiss of Vangneray (Ddpart 
du Bhdne), rich in obgoolase, blackish-green hornblende, and brown-black mica. 

VATrQUBZintrE. A name origmally given by Pelletier and Oaventou to sttych- 
nine ; also by Pallas to a crystalline substance obtained from the bark of the ohve- 

VATTQTTEXiniTXTE. Native chromate of load and copper. (SeeCnnoMATBS,!. 934.) 

VEOBXABIiB AXiKABI. Syn. with Potash (p. 700). 

VECrEXABIiE ETBIOPS, A charcoal prepared by mcinerating common soa 
wrack (Fmis vmoidosus) m a covered etncible. 

VBGBTABliB XVORY. This name is applied to the tagna-nut, the fruit of 
Fhytdeplias macrocarjpa, a tree growing on the borders of the Magdalen river m Co- 
lumbia, South America It contains about 80 por eont of woody fibre, is very hard 
and compact, has the appearance of ivory, and may be turned in the lathe. 

VEGETABEB PARCHMEM-T. See Ceixhlosh (l 819). 

VBGET ABBES, RTiTTBixion' OP. See NtJTEiTioH ofPlamts (iv. 162). 

VEIE'-SXOII'BS, Pheboliies . — Concretions found in the veins, chiefly of the 
pelvis, and consisting of calcic phosphate and carbonate, with a small quantity of mag- 
nesia, and generally an organic nucleus. 

The term veinstone is also applied to the mineral substances which accompany and 
often enclose metalho ores. 

VBKBXIAKr CHABK. Syn With Steatite 

VENEXlAlf REB. A pigment formed of red hematite 

VENICE XURPEMXXNB. See TmtwmTWB (p 919). 

VBRANXIN, (Schunek, J pr. Chom bx. 474.) — A substance con- 

tained in madder-root, whence it is extracted by processes already described (pp 121, 
123) It is a reddish-brown amorphous powder, bice snuff or rousted coffee Boding 
water scarcely dissolves it, but renders it soft and coherent It is easily soluble in boil- 
ing alcohol , the solution reddenslitmus It dissolves in alkalis and alkaline carbonates, 
forming dnigy-red solutions, from which it is precipitated in brown flocks by acids. 
The alcoholic solution forms dark-brown precipitates with cupric and plumbic acetates 
Verantin also forms a stannous lake, the preparation of which is described under En- 
liiATiN (p. 121) Verantin does not impart any colour to mordanted fabrics. 

VERAXRIO ACID. — ^An acid existing iil sahidiUa-seeda ; discovered 

by B Merck in 1889 (Ann Oh. Pharm xix. 180), further examined byScbrottar 
{ibtd XXIX 188), and by "W Merck (ibid, eviii. 68). It is prepared by exhausting 
sabadilla-seods with alcohol acidulated with sulphuric acid, precipitating the extract 
widi milk of brae, evaporating the filtrate, mixing the clear solution 6f calcic vera- 
trate thus obtained noth sulphuric or hydrochlono acid, and leaving it in a cold place. 
Veratrie acid then crystallises out. and may be purified by solution m alcohol and 
treatment with animal charcoal. 

Veratrie acid crystallises from its alcoholic solution by spontaneous evaporation, in 
slender colourless spieiiliE, or four-sided prisms It has a slight acid reaction , dissolves 
sparingly in cold, mure freely in boiling water ; also in alcohol, especially when warm, 
but IS insoluble in ether At 100° the crystals give off water and become opaque , at 
a higher temperature tliey melt to a clear liquid, the acid afterwards sublimmgwithout 
decomposition 

Chlonne and bromine act strongly on veratrie acid, forming viscid unerystalbsahlo 
substitution -products. The acid appears to be but slightly acted upon by oil. ofvitruil, 
and not at all hy pentachloride of phosphorus.. It dissolves m veiy strong mtnc acid, 
and the solution, when mixed with water, deposits nitroveratric acid, C''H'’(NO''‘)0', 
which dissolves easily in alcohol, and crystollises therefrom in small yellow lainniBe, 
melting and decomposing at 100° This compound, boiled with nitric acid, is con- 
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verted into dinitrovoratrie aeid, which, however, 13 difficult to espt^rate from the 
monouitrated aeid. ("W. Merck.) 

Venitric acid distilled with excess of baryta is resolved into carboilio anhydride and 
veratrol: C“H'»0^ - 00“ + (W. Merck.) 

Veratric acid is monobasic — The veratrates of tho tdkah-metaU are orystallisable, 
non-deliqucbcont, easily soluble in water. — ^The hod-salt is insoluble. — The silver-salt, 
CffAgO^, IB a white precipitate, slightly soluble m water 

Ethylio Veratrate, C"II"(C“H’)OS is obtained by passing liydrochloMc acid gas 
into a moderately concentrated solution of veratoic acid in strong alcohol, distilling 
the saturated solution, treating the distillate with water, &c., as a radio-crystalline 
easily friable mass, having a specific gravity of 1 141 at 18°, inodorous, but having a 
slightly bitter, burning, and somewhat aromatic taste. It is slightly soluble in water, 
easily in alcohol, and separates therefrom by spontaneous evaporation in shining 
neemoB. It does not volatilise without decomposition , when heated in the air, it 
burns with a luminous flame. It is decomposed by heating with potash-ley. (Will, 
Ann Ch Pharm. ixxvii 188.) 

VSRATRIXT. Syn. withTEBA.TEU]u;-iiB3tH(p. 997). 

veratrixte, (Meissner, Neues Joum. V. Trommsdorff, V. 3. 

— Pelletier and Oaventou, Ann. Ch. Phya. [2], xiv. 69 — Couerbe, ibid. hi. 362. 
— Merck, N.Jonrn v Trommad. sxi 134 — G. Merck, Ann. Oh Pharm. xcv. 200.) — 
An organic base discovered, in 1818, by Meissner, in sabadiUa-seeds (p, 141), end soon 
afterwards by Pelletier and Gavontou, in white hellebore ( Fsratmm ahum ) ; it is pro- 
bably contained also in other species of verafrum 

ftepaialian. — 1. The evaporated alcoholic extract of sabadiUa-seeds is dissolved in 
dilute sulpliwic acid, the solution treated with animal charcoal, and then precipitated 
by an alkali (100 pts. of the seeds, thus treated, yield 9 pte veratrine) , the precipitate 
still containing sabndilline and other bodies, is dissolved in dilute sulphuric acid, and 
nitric acid is added as long as a black pitchy precipitate is thereby produced ; the fil- 
trate IS precipitated with dilute potash-ley ; the washed and dried precipitate is dis- 
solved in absolute alcohol ; the solution evaporated , the residue boiled out with water, 
and the impure veratnne which remains is dissolved in other, which, on evaporation, 
leaves the pure base (Couerbe) — 2. The pidverised seeds are boiled with water con- 
taining hydrooblorio acid ; the extract is evaporated to a syrup ; hydrochlono acid 13 
added as long as it forms a precipitate ; the filtered liquid is decomposed with excess 
of June ; jthe precipitate is treated witli hot alcohol ; the extract evaporated , the resi- 
due dissolved in dilute acetic acid, and precipitated by ammonia , and the precipitate is 
purified by ether. By this proesss, 6 kilogrammes of sabaddla-seeds yield 10 to 16 
grammes of veratrine (Merck). — Deloiidre(J.5harm [3], xivii. 417) prepares pure 
veratrine by exhausting crushed sabadilla-soods with water containing hydroohiorie 
acid in a displacement-apparatus, finally washing them with water, precipitating the 
extracts with a slight excess of potash, and heating the washed and dried precipitate 
with twice Its weight of other for four hours in a vessel which can be closed The 
solution left to evaporate in shallow basins leaves pure veratrine. 

Properties. — ^Veratrine is ordinarily a white or whitish-green crystalline powder ; 
but, by spontaneous evaporation of its alcohohe solution, it is obtained in long prisms 
with rhombic base (Merck), which effloresce m contact with the air, assuming the 
aspect of porcelain, and becoming very friable (G. Merck). It is inodorous, but the 
smallest quantity introduced into the nose produces violent sneezing, accompanied by 
headaelio and general uneasiness. It is very acrid and poisonous, producing vomiting 
and purging when taken internally t 8 milligrammes of it killed a yoimg oat in tan 
minutes It is, however, used in medicine as an external application, and when taken 
internally, in properly regulated doses, is said to exert an nutifcbrilB action. It is mso- 
liible in water and alkaline liquids, very soluble m alcohol, and still more in ether (G. 
M erck). Tho solutions turn litmus blue. 

Veratrine dried at 100° gives, by analysis, 64'61 to 65 00 per cent carbon, 8'56 to 
8'84 hydrogen, and 6 6 nitrogen (G. Merck). The formula 0*“H*^N“0“ requires 
64'86 C, 8'78 H, 4 73 N, and 21-63 0. 

Veratrine melts easily when heated, and decomposes at a higher temperature, but 
by very caioful heating, small quantities of pure veratrine may be sublimed vrithoiit 
decomposition. 

Strong sulphuric acid colours veratrine first yellow, than a fine carmine-red, and 
ultimately violet; according to Vasmer (Arch Phai-m. u 74), 1 pt. of veratrine 
imparts an amethyst-red colour to 3,000 pts of the aoid — Strong nitric acid is coloured 
by veratrine, first scarlet, and then yellow. — Strong hi/drochlorio and dissolves vera- 
trine, especially when heated, forming a deep violet solution, and separating small 
drops of oily liquid 
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V eratnm^-salts. — Veratrine dissolves oosilym dilute acids, torming cnloivrless 
salts, which have a sharp burning taste and poisonous action. There appear to be two 
classes of verati'ine-sults, inasmuch as Couerbe obtained wystallisable salts containing 
2 at. hydrochloric or 1 at. sulphuric acid to 1 at. veratrine. whereas Q- Herck obtained 
only uncrystallisable gummy salts eontaming half that proportion of acid 

The solutions of veratrine-salts are inactive to polarised light. Most of them give, 
with alkaline hydrates, carbonates, and phosphates, precipitates not perceptibly soluble 
in excess of the reagent. A solution of a veratnne-salt, mixed with tartaric acid, 
gives a precipitate with acid carbonate of sodium, but not with acid carbonate of 
potassium The conoentrated solntions give yellow precipitates with anrioacid and pla- 
tinic chloride, yellowish-white withpotasaium-iodido, light-red with potassium-snljiho- 
cyanate, kermes-brownwith tincture of lodino, sulphur-yellow with picric acid. Tinc- 
ture of galls renders the neutral solutions turbid, and on addition of hydrochloric acid, 
a copious white precipitate is formed, 

Chloro-aurate of Veratrine, 0“H“N’0®.HG1 AuCI*, crystallises from solution in 
hot alcohol, on cooling, in thin yeUow crystals having a silky lustre, and giving, by 
analysis, 20 87 to 21 26 per cent, gold (calc. ■= 21 09). 

VEKATBOXi. (W. Merck, loo. cvt ) — A compound formed by distil- 

ling veratrio acid (p 997), with excess of baryta at a gentle heat. It is a colourless 
oil, having an agreeable ai'omatic odour, and spociflo gravily 1-086 at 16°, solidifying 
at + 16°, and boihng at 202°— 206°. 

Vorati'ol does not appear to unite with alkaline bisulphites. It is not altered by 
alkalis or by weak acids — With ywiasstioii it forms a gelatinous mass without evolution 
of hydrogen — CMonne decomposeB it, forming at first a crystalline pioduot, converted 
by the further action of the chlorine into an unctuous mass. 

Bromine converts veratrol into dihromoveratrol, C"H*Br’0’, which forms white 
prismatic crystals, insoluble in water, easily soluble in alcohol and ether, molting at 
92°, and volatilising without decomposition at a higher temperature, 

Slim aoid acts strongly on veratrol, forming at first nitrovaratrol, C*H'(N0’)0*, 
which crystallises from alcohol in yellow lamina. By further action of the nitric acid, 
dinitroveratrol, C®H*(H0“)’0’, is produced, which forms long yellow needles, 
spai'ingly soluble in water, easily in alcohol, melting at 100°, and then volatihsing 
with decomposition. 

VSBltAtmUAI. Sad veratri, the root of white heUohoro ( V. album), is used in 
medicine , it contains, according to Pelletier and Cavontou, a volatile acid resembling 
sabadilhc acid, also gallic acid and veratrmo, together with starch, sugar, and fnt , 
according to Simon, it contains also another base, called j er vine (iii. 443). 

Verairum Sdbadilla, Eetz {V. oj^nale, Schlecht), yields sabadiUa-soeds {Semen 
eabadilltB). 

VESA.TSTn»-RBSUr. Verairin. (Couerbo, Ann. Oh. Phys. [2J,lii. 862,)— 
A constituent of sabaddla-seeds. Wlien the solution decanted from the pitchy precipi- 
tate obtained in the preparation of veratnn after treatment with nitric acid (p 998), 
IS precipitated with potash, and the alcoholic solution of the resulting jirecipitato is 
evaporated, tlioro remains a yellow resinous mass ; and on exhausting this mass, first 
with water and than with ether, vecatrum-ream remains behind, and may be pnnfied by 
solution in alcohol and evaporation. This resin is said to have the composition 
but it is perhaps only a mixture. It is brown, inaolnblo in water, ether, 
and alkalis, melts at 188°, and decomposes at a higher temperature. It unites with 
acids, hut without neutrahsing thorn or forming eryataUine compounds. 

VERBASCTTM. The flowers of great mnUean ( V. Thapms), which are used in 
medicine as flam iierbasoi, contain, according to Morin, a resinous oolonri:^-matt6r, 
Volatile and fat oil, together with other constituents, according to Eossignon, the 
entire plant contains a largo quantity of ammonium-nitrate. 

VEBBEXTA-OIXi, from Moysia eitriodora, has a red colour, and yields, by distil- 
lation, an oxygenated oil, while the residual resinised portion gives off aulphydrio acid 
when heated (Gladstone, Ohem. Soc J. xvii. 1). Eespocting its spociflo gravity and 
optical properties, see Ons, Volatm (iv. 188). 

VBBDIOBIS. Basic cupric acetate See Acbtates oe Cofpeb (i. 14). 

VEBBITEB, The commercial name of normal eupric acotato, Cu''(0’H*0’)* (i 14). 

VBB1MCICBBXTE, A chloritic mineral from Vermont in North America, con- 
taining, according to Thomson {Outlines of Mineralogy, i. 372), 49‘08 per cent, silica, 
7 28 alumina, 16'96 magnesia, 16 12 ferrous oxide, and 10 27 water It resembles 
scaly talc, but is specially characterised by swelbug up very strongly before the blow- 
pipe, and breaking out into vermicular excrescences before it molts. Similar minerals ' 
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are found at Milbury iu Maasaohuaatts and at Westchester in Ponnsylvapia. (Handw. 
d. Chem. ix. 214). 

V£R»IlIiX>lonr. See JlancmBio Sotshtob (in. 013). 

VBRMoirTITE. The name of one of the five varieties (poisonous pyrites, mis- 
piekel, vermontite, dalamite, and aeonitite) into which A. Breithaupt divides the mine- 
ral s{)eciGS, arsenical pyrites, on account of differences in the angles. 

VERWOWIA. The seed of V. anthdmntiea is known in commerce as Cdoffero. 

VERTXDIITE. An organic base, not yet isolated, existing, according to G Gr. 
Willi am a (Chem. See. Qu. J. lii. 97), in very small quantity, in the tar of bitumi- 
nous shale On separating the volatile bases from the tar by the action of an acid, 
and subjecting them to fractional distillation, vertidme is found in tlio portion boiling 
between 183“ and 210“ It imparts aflne green colonr to solution of chloride of lime, 

VEStrVlAW. Idomvse, Egeran. Gblmnite. Lobinte. Fnigaidite. Protheite 
Wiluite. Vgfrme. Xanthtie —A caleio-aluminic silicate, 0(2OaO Si0-).2(2A1-0’, 
SSiO^), in whicli the lime is replaced to a small amount by magnesia, feriofts oxide, 
and raanganoiiB oxide, and the alumina to a somewhat greater extent by ferric oxide. 
Per analyses and discussion of formulffi, see Earamelsberg’s Miiieralohenue (pp. 734- 
739), 

Vesuvian occurs in quadratic crystals, usually exhibiting the combination P . oP . 
aP.Pco . <»Poo,&e [somewhat like jfp' 322 (OBYSTAiiooBAPHy, u 160), suppos- 
ing the teraniial summits very much trmieatcd]. Sometimes crystals occur with a 
great number of secondary fiiees Por P, tlio length of the principal axis is 0'4590. 
Angle P.P m the terminal edges = 129“ 21', in the lateral edges = 74“ 27'. Cleav- 
age- indistinct parallel to ooP and wPoo . The crystals usually havo the prismatic 
faces, more rarely the pyramidal faces predominant, they occur implanted and im- 
bedded, iatergrown, and forming nggreg-itions of various character, from columnar or 
fibrous to granular, passing into massive Practuro oonchoidal or uneven to splintery. 
Brittle. Hardness = 6 to 7. Specific gravity = 3'2 to 3A. Colour brown or green, 
light or dark to nearly black ; also yellow, rarely bine. Streak white. Lustre vitreous, 
sometimes very stwug on the crystalline faces, also waxy, especially on the fraotiiroil 
sm’faoes. Transparent tu translucent on tho edges only. Before the blowpipe, vesu- 
viaii melts easily, and with intnraoscenco, to a yellowish-green or biown glass ; with 
borax or phosphorus-salt it exhibits the iron reaction, and with the latter a skeleton of 
silica In its natural state it dissolves but imperfectly in hydrochloric acid , but 
alter fusion it dissolves completely, with separation of gelatinous silica 

Vesuvian was first observed in the ancient Vosuvian lavas ; it has since been found 
in serpentine, gneiss, and granular limestone The mineral from Vesuvius has a hair, 
browu or olive-green colour , the crystals from Ala in the Val di Brozzo, in Piedmont, 
.ore usually transparent and shinmg, with a green or brown colour, rarely black. E^g 
near Christiania in Norway, the Ural, the Wilui river, near Lake Baikal, Oziklowa in 
tho Bannat, and Mouzoni in the Fassa valley, are other loealitios, Sulphur-yellow 
crystals have been found at Monzoni. A hght-brown variety occurs in Donegal, 
Ireland. Thevonetj called comes from Fiugord in Finland; gojcumiie, or 
lohoiU from Goknm near Dannomora m Sweden. Liver-brown divergmgorystals, from 
Eger m Bohemia, have been called eycran Crystals called cypnne, of a blue tint, 
attributed to copper, come from near Tellomark m Norway , wanthte is from near 
Amity, New York. Vesuvian is found also at many other localities in the United 
States. (Dana,n. 199.) 

VETCH. SeeVicuL. 

VETIVER. Kue-lcm. Iwararumaa-root . — ^The rootstock of an Indian grass, 
probably AnatAeraTOTOwtcoiiMn., and similar species, such as Andrmogon Sduetianihus, 
&e It is used in India for making mats, for window-bliuds and other coverings, those 
objects, when moistened with water, exhaling the fragrant odour of tho votlver-root 
I’he root contains two essential oils, the more volatile of which is lighter than water, 
the other of more viscid coneistenco 100 lbs. of root of good quality yield about | lb 
of volatile Oil resembling oil of sandalwood. 

Cittonello-oil, from the leaves of Aniropogon Sahananihits, consists almost wholly of 
an oxygpu.itedoil, boiling at 200“ and of speciflo gravity 0'8741 at 20°. Lemon-grass 
oil, from Andropogon Nardus, is scarcely distmguishable from oitronella-oil. (Glad- 
stone, Chem. Soc, J. xvn. 1.) 

VIBURWIC ACXE. See tho next article 

VIBUBNvnx, A genus of trees and shrubs belonging to the oaprifoliaceous 
order. The bark and berries of the gnoldor-roso {V.ojndus) contain valeno acid (vibur- 
nio acid). The red borrios of the wayfaring-tree (F Lantana), contain, according to 
Bnz (Jiihresh, 1863, p 614), .in iron-greening tannic acid, valeric, acetic, and tartanc 
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acids, a bitter principle, an acrid principle, red colouring-matter, sug.tr, gum, fat-oil, 
wax, resin, and cbloropiiyll. 

VIOIA. Vetch — Tile seed of the common vetch {Viem satiua) contains the ordi- 
nary constituents of logiiminous seeds. According to Gobel, 100 pts of the soecls 
contain 39 pts starch and i pts. gluten. Greif found 68 pts. starch to 2 pts. gluten, 
besides sugim, albumin, &c 

Tlio following table exhibits the composition of tho ash of throe species of vetch 
I — III. Seed of V sahva. — according to Sprengel(J techn. Chom. x 360). — 
II. according to Lewi (Ann. Ch. Pharm. 1 421). — III Vetch from Houfehatol 
(Co lion, thid Ixxiv 288).— -IV. Straw of V satiua. The air-dried straw contained 
10—12 per cent, water, 26 0 substances extractable by water, 30 7 extractable by 
potaah-loy, 42 0 woody fibre, and 6 10 ash (_Sprengel, J. techn. Chem vi 398). — 
V Ash of the entire plant of V. satiua 100 pts of the fresh plant yielded 82'e pts. 
\i liter and 1 1 ash. 1,000 pts of the dry plant contained 2‘38 pts sidphur (Way and 
(Igstoii, Jahrcab 1858, p. 601, Table li) — ^VI. The tufted veteli {V. ciacca) the 
entire plant yielded 68 per cent, water, ll'O substances soluble in water, 13'8 sub- 
stances soluble in dilute potash, and 1 626 ash (Sprengel, J. techn. Chem. vm. 365). 
— 7 Vicia dumetorum contains, in the flowering state, 68 0 per cent, water, lOA sub- 
stances soluble m water, 11'6 substances soluble in dilute' potash-ley, and 2'26 ash 
(Sprengel, (oo. <ni.). 

Ash of Vetches. 



According to Schwerz, a hectare yields, on the average, 1,276 kilos, of seed of 
Firm sativd (16 hectolitres), and 3,000 kilos straw The seed contains about 80'6 
kUos., the straw 163'1 kilos., the entire plant, therefore, 183’7 kilos, of ash-constituents, 

'ViaiTXTB. A mineral from tho Jura hmestone near Vignes, in the Department 
of MoseUe in France, consisting of greenish-blue grama, bound together by a cement of 
the same colour hut different composition The grams have a apeeifio gravity of 3 7, 
and contain, according to Karsten (Archiv. f. Bergbau, xvi. 30), 41 12 percent feme 
oxido, 29'98 ferrous oxide, 11 87 carhomc anhydride, 3‘38 phosphoric anhydinde, and 
2 9 water, with small quantities of sihca, alumina, magnesia, and hme ; probably a 
decomposed iron-ore. 

'VIIiXiAXtSXTE. A hydrated magnesium-silicate, 4Mg’SiO*.H’0, with small 
quantities of iron, manganese, calcium, and potassium, occurring massive, and in 
granular aggregates, at Traversella in Piedmont. (Dufrhnoy, Ann. Min, [4], 
1. 387.) 

VlIgE. Boussingault (Ann. Gh Phys. [3], xxx. 389) has determined the 
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The following table exhibits the quantities of the several mineral constituents 
removed by the vino-enltnre from the 170 acres of soil (as calculated from the pre- 
ceding results,) compared with those removed by other crops grown on equal surfaces 
of land in the neighbourhood of the vmeyard ; 


Abstracted by ' 

K=0. Na«0. 

CaO 1 

MgO. 

P=0 

SOa. 

"Wine 

Lees 

Bi-auclios . 

H-63 0-13 

12-07 0 13 

4-64 . 

17 48 , 
8-60 

0 61 

S91 

0-72 

0 96 

6 66 
3-60 
2-27 

102 

1-77 

0-63 

Total 

28-24 0 26 

21-49 

8 68 

12 43 

3-32 

Potatoes .... 
Maugold-wurzel . 

Wheat, with straw 

1071 

163-0 

46 9 



•23 8 
20 4 
323-0 



Hence it appears that the culture of the vine does not remove more potosh from the 
soil than that of cereals and root-crops 

On the composition of the seveinl parts of the vine, see Ora s so (Ann. Oh Pharm 
Ivii, 69; 1x11 69, Jaliresb 1847-1848, p. 1082 ; Table B Nos. 46-63).— On the ash of 
the several parts, also Berthior (Ann. Oh. Phys. [3], xxxiii 249; Jiihresb. 1851, 
p 708), 

In the juioo exuding in spring from fresh-cut surfaces of the vine, "Wittstein 
(Jahresb. 1867, p 520), found chiefly potash, combined with citrio and lactic acids, 
malic acid was not present. 

VIM'BTIN' (from mnetter, the Pronch name of Serberis vvlgaHe), The name 
given by Waoker to tlie base obtained by Polex from the root-barlr of the common 
burberry, and by him callodoxyaoanthin (iv 288). This lattername has also been 
given by Leroy to another base extracted from the wMte thorn {Orat<Bgua oa^acantha), 

vinegAK. See AoBiio Acin (i. 7). 

VXOEA. The fragrant flowers of the violet ( V. odoraia) axe said to contain, 
besides colouring-matter, slight traces of a volatile oil, two acids, one red and the 
other colourless, an emetic principle called violin (probably identical with emetin 
from ipecacuanha-root) (ii 486), sugar, and other substances. The oolourmg-matter , 
of the flowers is eaeily turned rM by acids, and green by alkalis The colourless acid ' 

called violanic acid by Peretti (Buchn. Beport, 3d. 130), is said to crystallise in 
silky needles, to be soluble in water, alcohol, and ether, and to form yellow salts which 
stain the akin. 

Vioh tricolor (heartsease or pansy) contains a yellow colouring-matter, resin, 
vegetable mucus, and other substances, but no vioUn. (Boullay.) 

VIOEA-BinETIN. Syn. with VioiDT (p. 1001). 

VlOEAir. A silicate of alnmmium, calcium, magnesium, and sodium, containing 
also iron and manganese, from St. Marcel in Piedmont. It occurs massive, and in 
indistinct, elongat^ granular concretions, cleavable in two directions inclined at 
nearly 90°. It is nearly opaque, with a dark violet-blue colour, and vitreous lustre ; 
hardness = 6 to 8 , speciflc gravity = 3‘233 (Plattncr, J. pr. Ohem xv. 329.) 

VIOEAirTIH'. OWH'D'. (Baoyer, Ann Oh. Pharm exxvii 223.) — A com- 
pound containing the elements of violnrio and dilituric acids, and produced by their 
direct combination, just as aUoxantia is formed ^m alloxau and dioluno add : 

GWffO* + CN’H'O* = G«N«H«0». 

Violurlc acid Dillturic Vlolantin. 

A mixture of the hot concentrated solntions of the two acids deposits violantm on 
coohng, in crystals containing 0*N“H‘‘0“.4H’0. Violantin is likewise always pro- 
duced by imperfect oxidation of violunc add, or by imperfect reduction of dditui'ic 
add. It may also be prepared by gently heating hydunlio acid with dilute nitric acid 
(the vessel being dipped into hot water), till a yellow colouring appears on the edges , 
on removing it, a brisk reaction eats in, and violantm separates as a yellowish-white 
crystalline body If too little heat has been applied, the product is chiefly violurio 
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acid ; if, on tjie other hand, the mixture has been too strongly heated, diliturio acid is 
the principal product. 

Viohmtin dissolves in water, but is resolved at the same time into violurio and 
dilituric acids. The same decomposition takes place on heating it 171111 solutions of 
salts of tho_ stronger acids, a diliturate of the base being then separated, and violume 
acid remaining in solution. On heating it with acetated, both diliturate and violurate 
of the base are produced, the loss soluble diliturate sepiratmg out, but in most cases 
strongly coloured by adhering violiirata From a mixture of equiil parts of alcohol 
and water, violantin may be partly cryntaUised without decomposition. — Ammonia-gas 
colours violantin blue , aqueous ammonia decomposes it into violurate and diliturate. — ■ 
Sidphgdrui and hgdriodio acid easily reduce violantin to uramil. 

Dry violantin heated to 120°, deeomposes immediately through the entire mass, 
giving off gas, and leaving a brown substance which dissolves with red colour in 
caustic potash. 

VXOI.BNIC ACID. See ViOIA (p. 1000). 

VXOIiET (AITIBIITE). Sofmann's violei consists of triethylrosaniline (iv. 
471). According to Duprey (BuU Soe. Ghim. 1867, i. 95), it maybe rendered 
soluble in water by decomposing the hydriodate with boiling caustic soda, and redis- 
solnng in an acid. Poirrier and Ohappat UJnd. 1866, ii 602) describe methods of 
preparing violet dyes from methyl-, ethyl-, and amyl-amline, without first prepanng 
rosauiline. Lauth {iiid. 362) prepares methylaniline-violet by simply heating eortam 
salts of methylauilmo. Thus, when a mixture of 10 pta. mothylanuine, 8 pts hydro- 
chloric acid, and 200 pts. sand, is heated to 100° — 220°, and the crude product ex- 
hausted with water, a solution IB obtained having a very deep and pure violet colour The 
colouring-matter contained in it may be purified from a trace of tari'y matter, by pre- 
cipitating with an alkali or alkaline salt, and rcdissolvmg the precipitate in water. A 
second precipitation yields the methylaniline-violet quite pure, and in the form of a fine 
green mass, which constitutes the commercial product A similar product is obtained 
by subjecting methylaniline to the action of powerful oxidising agents, such as cupric 
nitrate, merouno acetate, &o. 

VXOBIN', or VXOlsA-EniElTIII'. An emetic substance contained, according to 
Boullay, in all parts of the common violet It has not been obtained pure, and is, 
perhaps, identical with emetin from ipecacuanha-root 

VIOXiIU'E. Thisname was given by Price (Eep of Patent Inventions, Peb. 1860), 
to a blue precipitate obtained by treating anihne with sulphurio acid and peroxide of 

VXOI.VSIO AOIX>, C<N''H*OS or mtrosoharhiturio and, C<H‘H»(N0)'0". 
(Baoyer, Ann. Ch. Phivrm. cxxvii. 200 ) — An acid produced: — 1. By the action of 
nitric acid, nitrous acid, or a metallic nitrite on bydiu'iltc acid . 

CSN‘H«0» -I- HNO“ = OWH>0< + + mO. 

Hydurillo Violin Ic acid Alloxan. 

C»N-H“0“ + KNO« + 2HNO® = OWffKO* -i- C'N-H^O* -i- 2II*0 + N'0», 

Hydurlllc Violurate of Alloxan. 

2. Togetherwith other substances, by the partial reduction of dihturio acid, (C^N’H'O*), 
as when that compound is cautiously heated with glycerin, or when ferrous diliturate is 
reduced by solution of potassiuro-cyamdo. 

To prepare it, hydunlic acid is warmed with water and nitrate of potassium, whereby 
deep-blue violurate of potassium is formed, the quantity of which may be increased by 
alternately adding small quantities of acetic acid (to neutralise free potash, which 
would e.xert a decomposing action) and nitrate of potassium. After filtenng off the 
mothei-hquor, the violurate of potassium is washed with a small quantity of water, 
mixed in hot solution with chloride of barium, and the precipitated violurate of harium 
IS exactly decomposed by dilute sulphuric acid. The filtrate evaporated at 60° — 70°, 
yields pure violuiie acid (about f of the hydunlic acid used). 

VioUuic acid crystallisos in shining, yellowish, rhombic octahedrons, containing 
QijqsjjaQi.jjio They give off their water of crystallisation at 100°, dissolve with 
moderate facUity in cold, more easily in hot water, the solution is not, precipitated by 
alcohol. 

Violiiric acid soon turns mouldy m aqueous solution, and decomposes at the boiling 
heat , the dry acid hkewiso decomposes when strongly heated, giving off red fumes — 
Miria acid converts it into dilituric (nitrohorhitunc) acid. — Bromine converts it, in 
aqueous solution, into alloxan-bromide or dibromoharbitunc , acid, and 
hydrohromie acid, with evolution of red vapours • 
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2C*N’H'(N0)0* + 4Br* + ffO - 2CWHW0“ + 4HBr + N’0», 

Vlolutlc Dlbromobarbiturlo 

acid acid. 

Heated with cMonrfeo/Kme, it Jidda ohloropierin — ^Heated withonwsftopoteA-fey, 
it gives off a small quantity of ammonia, and is converted into hydro viol uric acid, 
a compound not yot examined — ^Violurie acid heated with soda-lime, gives off all its 
nitrogen in the fom of ammonia. 

Eeducing agents, such as sad^phydno, Tiydnodw add, &c , convert violuric acid into 
iiramil (amidobarbiturio acid) : 

0*N»H"^0)0* + 2H*S - 0*IPH‘(Nff)0= + + H’O. 

VWiinc 

'Wi&i sulphite of ammonium, "A dams eoAv^wcia acid and thionnrato of ammo- 
nium.— With dUituric acid it unites directly, forming violantm 
Violuratos — Violnric add la monobasic. It decomposes acetates, but not chlorides. 
Its salts are distingiushod by the great hoauty and variety of their colours. 

Vwhiraie of Ataimovium, C'I[“1I*(HII'')0*, crystallises in fine, darh-blue, anhydrous 
prisma.— The potafsima-sidt, C^N'H^O* 2H’0, forms deep-blue lammce or prisms, 
■which dissolve in hot more easily than in cold water, forming a deep-blue solution. 
At US" — 120°, tbe salt gives off its -water, and becomes greenieh-blus. The solution 
kixed with excess of potash, turns red, perhaps from formation of a basic salt A 
solution of potiibsinm-violurate in hot concentrated hydrochloric acid deposits, on 
cooling, the compound 2(EC1 CWH'‘0*).HC1 6H“0, in large, colourless, shmuig, 
effioresocnt prisms, easily soluble in -water, sparingly in alcohol. At 100°, these 
e^stnls give off water and bydroohlono acid, leaving the compound KOI O'H’ffO' — 
Vtolnrate of sodium forms red nodules composed of short noeHes, easily soluble m hob 

Violuraie of hatium, C*N“ffBa"0' 4H'0, is precipitated by cblonde of barium 
from a solution of the potassium-salt, in red shining qiiadi'atio tables, which ai'ene.irJy 

insoluble in cold water, and give off all their water of crystallisation at about 230° 

The o(dmum-salt forms brick-red crystals. — ^The oupm salt is an amorphous olive- 
green precipitate — Ferrous salt Violuric acid added to ferrous acetate forms a dark- 
blue solution, from which alcohol precipitates ferrous violurata in sis-aidod tables 
with red metallic lustre , they dissolve easily in water, forming a diu’k-blue solution, — 
The lead-salt, C®H'Pb"N®0*.4H“0, is obtained, by double decomposition, in small rod 
crystals, becoming dark-red when dry A reddish basic salt (containing 68 per cent, 
load, and 0 6 hydrogen), is formed by precipitating the potassium-salt with iiasie 
acetate of lead —The magneszum-salt, C“H‘Mg"N“0* 8H-’0, separates, on cooling, from 
a warm mixtiu’o of miignesium-ncetato and violuno acid or the potassium-salt, in bard, 
sliming, purple-red, rhombic eystnU, becoming dark-red when dry — The silver-salt is 
a violet gelatinous precipitate 

VSROIIIIA CREBPSR. Ampelopsw hederaeea Vaiis Kederaoea, L, Eeiira 
quuiqtitfolus, Du Eoi — ^Tho leaves of this plant, which turn red in autumn, contain a 
rod colouring-matter, called by Wittstem oissotannio acid, which may be extracted 
by alcohol. 100 pts of the fresh leaves yielded 1 66 per cent, ash, containing in 
100 pts 23-9 K«0, 12 0 Ha°0, 20 2 CaO. 8 0 MgO, O'l Al'Qs, 0 6 Fo“U“, 3-1 SO“, 
18-1 P«0', 6 0 SiO^ 10-0 OOs, and 1-8 Cl (Wittstem. Buchu. Eepert. xcvi 318).— 
The berries contain malic, tartaric, and citric acids (Eiegel, Arch. Pharm. r2], Iv. 
163 ) 

VXBC-ZM-XC ACTD. An acid obtained, according to Ouevenno (J. Pharm. 
xxii. 449), by heating the fat-oil of the Virginian senogu-root to 200° It is doscnhed 
as a reddish-yellow oil, having a strong odour and sharp taste, soluble in alcohol, 
etlicr, and alkalis. 

VIBIDB Byn. -with VsimiciitTS. 

VXBIUXC ACID. C"H“0' (?) (Eoehledar, Ann. Ch. Pharm. Ixiu. 193.)— An 
acid produced by the oxidation of caffetannic acid in presence of ammonia. Coffee- 
beans owe their green colour to a small quantity of calcic viridate. ,To prepare the 
acid, the solution obtained by decomposing eaffetanuate of lead (i. 700) with aulpliy- 
dric acid is supersaturated with ammonia, and left in contact with the air for thirty- 
six hours, tiU It acquires a deep-hluo colour ; then mixed with excess of acetic acid, 
which colours it brown, then with alcohol, which precipitates a few black flocks (of 
iilinous substance). The liquid filtered from these flocks is precipitated with acetate 
of lead, and the blue precipitate of Icad-vu-idate is decomposed by siilpbydric acid. 
The brown solution thereby obtained leaves viridic acid, on evaporation, as an amor- 
phous mass of the saiuu colour, and very soluble in water. The solution forms a blue 
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precipitate Tsitli acetate of lead, greenish-blue with baiyta-water, and is instantly 
coloured deop-green by ammonia, potash, or soda. Viridio acid dissolves in strong 
sulphuric acid, forming a solution of a fine crimson colour, from which water throws 
down a blue flocculont precipitate. 

VIKIDIK. Syn with OsiioiiOPltYiiL. 

vntlDIH'S, base obtained from eoal-tar. Specific gravity =• 1 017. 

Boiliug-point 230“. Slightly soluble in water, easily in alcohol and other. — The 
platmmi-salt, 2(G‘^H'”N.HCl)PtGl'‘, is greenish-brown, insoluble in alcohol and in 
other.— The mercuric salt crystoUisee from water, and melts at 36°. (Thonius, 
Jahresb. 1861, p. 508.) 

VXnoXiA. TA.l.liO'W. The fat of Virola sMfera, Auhl. {M^ristusa adnfera,, L ), 
a tree indigenous m Oarolma and Guiana It is obtained by boiling the shelled and 
bruised almonds with water ; has a yellowish colour, melts at 40° — 60°, (bssolves in 
alcohol and ether, partly also in ammonia, and is slowly but completely saponified by 
potash. (Bonastre, J Pharm. xix. 186.) 

Vise AVTSOKIir, The portion of 'erndo visciu which is insoluble in alcohol and 
ether, and, aceording to Beinseh, forms the chief Constituent of brrd-lime (i. 689). 

VISCEBTE. An oil obtained by the dry distillation of visoin. 

VXSCIC ACID. See the next article. 

VISCIMT. A snbatanoe which forms the glutmous constituent of the stalis, leaves, 
end especially the henries of the mistletoe ( Viacum album), and is the principal con- 
stituent of bird-limo. It is also contained in the receptacle and floral envelopes of 
Atractyha gummtfera (Macaire, J. pr Ohem. i. 416); in the hark of the holly {Bex 
aguifolmm) (Bonillon-Lagrango) ; in the mdky juice of Ficus religioaa (Nb6B v. 
Esenbeok), and in the glutmous substance which coats the branches of Bobima macoaa, 
(Vauqiiolin ) 

Crude visom is obtained by hrmsing tho finely-scraped bark of the mistletoe, and 
kneading at with water as long as anything is thereby dissolved. A yeUow, very viscid, 
and glutmous mass then remains, coutainmg (besides woody fibre, partof which may bo 
mechanically removed), pure viscin, a waxy substance soluble in alcohol, and a mass 
insoluble in alcohol and ether, called viscautschin To obtain pure visom, theorude 
mass IS boiled several times with strong alcohol ; the undissolved portion maoemtod 
five or six times with other, at ordinary temperatures, for twelve hours , and the residue 
left on evaporating the ethereal extracts is kneaded first with alcohol, as long as this 
solvent takes up anything, and then with water. (Eeinsoh, Jahresb. 1860, p 641 ) 

Visom thus obtained is clear, colourless, nearly inodorous, and tasteless , has the 
consistence of honey at ordinary temperatures; may be drawn out into very fine 
threads; has the same density as water , becomes more flmd at 30°, and at 100° is as 
fluid as oil of almonds, and makes a greasy stain on paper. It has an acid reaction. 
(Eeinsoh.) 

Visom IS decomposed by dry distallation (the hoiling-pomt rising from 210° to 
above 276°), a mobile oil called visoene first passing over, then a greenish oil, and 
afterwards a orystalhne buttery mass, while a black substance resembling asphalt 
remains in the retort. 

ViBCone is a very mobile yellowish oil, of specific gravity 0 86, and distilling 
almost completely at 226°. When mixed with soda-ley, it solidifies to a crystalline 
pulp, which, when diafaUed with water, gives off a fragrant oil called viaeinol, while 
tho remaining impure sodium-salt contains an acid called viscic acid, which, in the 
free state, is an od having a strong acid reaction, and a faint odour hko that of angelic 
acid (Eeinsch ) 

Viscautschin is contained m the portion of crude viscin which is insoluble m 
alcohol and ether To purify it, the residue is repeatedly treated with rectified oil of 
turpentine, which leaves woody fibre nndissolvod ; the solution is mixed with water, 
and evaporated , the dear yeBowish residue is treated with ether, in which it now 
dissolves ; the ether is evaporated , and tho residue is repeatedly washed with alcohol, 
and dried at 100°. 

Viscautschin has a density of 0'978. It la extremely viscid and glutmous, being, in 
fact, the substance to which bird-lime owes its adhesive propertieB. At 120° it has 
tho consistence of olive-oil Crude viscin contains about 0 6 pt. viscm, 0-2 viscautschin, 
and 0 3 waxy matter. (Eeinsch) ' 

VISCXHOXi. See the last article. 

VISCOSIMETER, This name is given by DoUfus to an apparatus for measuring 
the viscosity of colouring liquids thickened with gum, &e., by comparmg tho time re- 
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quii^d by a given quantity of the liquid to pass through a eertain apertui^, with (hat 
required by an equal quantity of water. 

VISCintI, The leaves and younger branches of the mistletoe ( Fi'swcti albmi) contain 
(according to Wincklor), besides inscin, about 16‘7 per cent, uncrystallisable sugar, 
6'8 fat-oil, together witli tannin, gum, &o., and a small quantity of a volatile odon- 
feious principle 

The ash of the leaves .ind branches contains, according to Presenius and "Will, 
and according to Eeuling, the eonatituents given under a in the following table. 
C. Er dmann found in the loaves, 62'5 per cent water and 3'8fi asb, containing tlio 
constituents given under i ; in the stallcs of a mistletoe growing on an apple-troa 
he found 58 68 per cent water and 1'9 ash, composed as under c. Eeinsch found 
the ash of the stalks and leaves of a mistletoe growing on a Scotch flr, to contain, 
in 100 pts , the constituents' given under d The bark of the stem contains white 
viscin, gum, sugar, albumin, tannic acid, pectin, and similar substances (Eeinsoh) , 
the ripe fruit contains resinous substances (bird-lime), gum, wax, &c. • — 


a 35 3 . . 19 4 

b 19'7 4-3 22-6 

0 . 20 1 4-1 22 2 

d 22'0 3 8 21 7 


M*0 Fe-PO-'. 

ie-6 1-8 18 6 

9 3 16 16 4 

9 7 16 10 3 

11 7 6 5 14T 


SO”. CO» SO” 

1-4 13a 1'6 

2 0 16 8 1’2 

2 0 16 7 I'O 

1 7 16'8 1-7 


VXTEXiliZN'. This name was given to the albuminoidal substance of the yolk of 
birds' eggs, now known to he merely a mixture of albumin and casein. 

VITBX. The seed of ViUx Agnw castus is said to contain a peculiar hitter prin- 
ciple called cast] ne (i 814), a volatile acrid substance, a large (Quantity of free acid, 
and fat-oil. In Greece, the fresh and rather unnpo berries are said to be added to the 
must of the grape, to render the wiue more intoxicating, and prevent it from turning 
sour (Landoror, Buchn. Eepert liv. 20 , Ixxxi. 229, Buchn, N. Eepert. in 892.) 

VITXS. See Vine and Vikginia Oueepek (pp. 999 and 1002). 

VITBIluOFAXi, Vxinte . — The matrix of Bohemian pyrope, related to pitohstone, 
and containing, according to 'Wertheim, 83 72 per cent, silica, 3 58 ferric oxide, 7 57 
Lme, 0 67 magnesia, and 11 46 watei (Handw d. Chem ix, 288 ) 

VITKIOIi, An old name for sulphates, stiU frequently need in oommoroial lan- 
guage, the several vitriolB being distinguished by their colours, or by the metals which 
they contain . t g , white or zino-vitriol, blue or copper-vitriol, red or cobalt-vitriol, 
green or iron-vitriol, lead-vitriol, nickel-vitriol, &c Eerroso-cuprio sulphates, obtained 
in the preparation of cupric sulphato on the largo scale from ferruginous materials, are 
known ns Admont, Bayreuth, and Salzburg vitriols (p. 598). 

VXTRloii, oxii OP. Concentrated sulphuric acid. 

vm).lo3..ocKltE (the PtUioife of Beudant) is a basic feme sulphate found 
in tlia copper-mines of Eahlun in Sweden. It contams 15’9per cent. SO', 62'4 Ee'O”, 
and 21 7 wator = 2Fe«0”,S0«.6H”0. 

ViTRiTB. Syn with VnaiNOPAi. 

VITRUM ANXIMONII An oxysulplude of antimony, formed by fusing 
tetroxide of antimony with sulphur (i. 328). 

VIVXAM'ITE. Native ferrous phosphate. (See Phosphates, iv. 664.) 

VOBCKITBRXTB. See HiDUOTAxciTB (in. 219). 

VOGXiXTE. A carbonate of uranium, copper, and ealcium, occurring at Joaohims- 
thal in Bohemia. (See Cahbonates, i 798.) 

'VOIGTXTB. A micoceous or chlontio mmeral, occurrmg in the graphic granite of 
Ehrenberg, nearIlmBnau,m the Thnringian Eorest, forming green soft laminrn, mostly 
turned brown by weathering. Specific giwity = 2'91., It gives off water when 
heated, and before the blowpipe, exfoliates strongly, turns dark-brown, melts easily to 
a black glass, and gives with fluxes tho reactions of iron. It is easily decomposed by 
hydrochloric acid, formmg a yellow solution, with separation of tumefied silica. 
According to Schmid (Pogg Ann xovii 108), it contains 33’02 per cant, silica, 13 08 
alumina, 33 16 ferric oxide, 7 28 magnesia, 1'99 hmo, -96 soda, and 9 62 water. 

VOIiBOBTHITB. Calcio-cuprie vanadate (See Vanaotosi, p. 991.) 

VOXiCAN-IC CI.ASS. Syn. with OBSIDIAN (iv 169). 

VOBCANITE. Selenide of sulphur, from Vulcano, one of the Lipari Islands. 

VOX.GBBXTB. Aiitimonic hydrate, 5E*0 Sb”0’, or Bb’H’O', occurring as a 
while powder or crust with eorvaiitito (i 624), and resulting from its altoriition. 
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VOIoTACOMHTSR. a peculiar rheostat or eurrent-reguliitor, invented by 
Jacobi. (Pogg Ann. Ixxviii 173). 

VOI.TA1C BIECXRICITY. See Electbicity (ii. 414). 

voiiTAlTB. A ferroso-ferrie sulphate, contaimng alumina, occurring at tlie 
Solfatara, near Naples, in opaque octahedrons and other mouometiie forms, having a 
resinous lustre, dull green brown or black colour, and groyish-grocn streak Accord- 
ing to Abicli (Berg. u. hutt Zcitung, 1842, No 17), it contains 48 32 per cent. SO“, 

2 20 Al-'O®, 17 65 Pe^O-', 11-6 EeO, 4 04 K’O, 6 25 Na'O, and 16-94 water, whence 
Eammelsboi'g deduces the formula 3(JFo''iK-)SOb2(gFe 1A1)"(SOOM2H-0 — A 
similar miner, d, containing manganous as well as ferrous oxide, has been found by 
Ulrich at the Eammelaberg mine, near Goslar m the Harz 

-VOBTAIUBTER, An apparatus for mBasnring the force of an electric current 
by the quantities of hydrogen and oxygen evolved in the electrolysis of water (See 
Electeioitt, u. 433 ) 

VOtTZrw or VOXiXZXTE. An oxysidphide of zinc, Zn‘S'0, occurring in 
implanted spherical globides at Eosibrea in Pny-de-Dome, and at tlie Elias mine near 
Jeachimathal m Bohemia. Hardness = 46 Specific gravity = 3-68. (Eonrnet, 
Ann. Ob. Pbya. [2'|, xli. 426. — Landecker, Jabrb. gool Eeielisanstelt, iv. 120 ) 

-VOBirniB, The volume of a regvdurly-formed body may be calculated from 
measurameuta of its linoax and angular dimensions. The volume of an. irregular body 
may be found from its weight and specific gravity — that is to say, the weight of a 
unit-volume If m be the weight of body in grammes, and « its speciflo gravity, 
the fraction — gives its volume m cubic centimetres. 

The capacities of vessels are determined by filling them with water or mercury from 
a measuring tube or other vessel, whose capacity is previously known, or, when very 
great accuracy is lequired, by determining the weight of water or mercury at the 
standard temperature which fills the vessel. The capacities of wooden vessels may be 
estimated witli sufficient accuracy, for commercial purposes, by filling them with 
measured quantities of sand or fine-grained seeds, taking care to shake the vessel from 
time to time, so that the grams may lie close together. 

The volume of a large cavity, or vessel full of water, might m some cases be con- 
veniently determined by dissolving a known weight of a soluhlo substance in the water, 
say 1 kilogramme of common salt, agitating the water to secure nniformity, and then 
analysing one litre of it If this litre were found in the above case to contain one 
gi'amme of suit, it would be apparent that the cavity or vessel contamed 1,000 litres 
of water 

VOBUMB, ATOMIC or SFBCIFIO. (See Atomo VontiME, i. 440.) 

VOBtTMBHOMETBR, or STERBOMBTER. These names 820. 

are applied to instruments for measuring the volume of a sohd body by . 

the quantity of a liquid or of air which it displaces, and thence aleo deter- ( 

mining its spoeifie gravi^ A very simple apparatus of this kind was 
used by Playfair and Joule in their experiments on atomic volumes 
(Obem. Sec. Mem ii. 477) It consists of a globular fiask provided 
with a narrow neck, about twelve inches long, and graduated from 
below upwards to indicate grains of water The flask has a tubulure, 
accurately fitted with a ground stopper, for admitting the solid body to 
^ba measured. The instalment being filled to the mark 0° on the 
neck with water, oil of turpeufcme, or other liquid which does not act 
upon the solid, it is inclined on one side, the stopper removed, and the 
sohd body carefully introduced The stopper is then replaced, and the 
number of divisions through which theJiqnid is raised in the stem gives 
at once the volume of the body in gram-measures. Any other unit of 
graduation might of coiu-ae be adopted. 

The stereo meter, invented by Captain M K Say, of the French 
Engineers, fur determining the specific gravity of gunpowder, is an. 
instrument which raeasui-es the volume of a body by the amount of air 
which it displaces 

The simplest iorm of this instrument is shown in fig. 820, where AB is 
a uniform graduated glass tube, open at the bottom, and communicating 
by a small hole with the glass vessel AE, which can he closed air-tight, 
by a piece of ground plate-glass, F. The instrument is immersed 
in a cyliiidrical glass vessel, full of clean merciu-y If, now, AB be 
plunged into the mercury up to A, the zero of tho scale, and the upper 
end of the vessel AC be then closed air-tight, we may, by again raising 
tlie tube, dimmish the pressure on the air within by tho weight of a measurable 
column of mercury , we also learn the increase of tho volume of the air, provided we 
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know the capacity of the tliviMons of tlio tube AB, ■wliieh we ehall suppose known Tluis 
suppose that, op the tube being raised, the mercury within stands at C, and without 
at D, then h being the ordinary barometric pressure of the atmosphere at the time, 
A - CD (inches) is now the pressure on the air within. If « bo the capacity of th* 
vessel AJE, down to the zoio A, we find that — 

Under tlie pressure h, the air ^thin has the volume u , 

„ „ A— CD' ' „ „ a + vol AC 

Hence, by the law that the volumes of gases are inversely as their pressures, we 


How, if we place any object, as sand, gunpowder, a soluble salt, &c , having the dotal 
volume V, in the vessel AO, wo may proceed, as before, to find the volume «— u of air 
still remaining in AE, and as « is already known, we thus find v, in 
cubic inches From the volume v, the weight of the objects in AE, and 
g the weight of a cubic inch of pure water at 60°, wo may, by a simple 
calculation, find the specific gravity of tile objects 



The storeometcr has been rondorod much more accurate and convenient 
by Prof. W. H Miller, whose form of tho instrument, us employed by him 
in finding tho specific gravity of standard weights not allowed to be 
weighed m water, we will now desonbo, referring to the Phil Mag. 
[1834] T 203, and Phil Trans. [1866] cxlvi 790 

It consists of two glass tubes, PQ, DB 0?^. 821), of equal diameter, 
communicating with each other at their lower ends, which are cemenled 
into the oblong piece of iron, QB. Below tho ends of the tubes are holes 
concontrio with the tubes, that below PQ being closed by the screw K, 
while below DB is the stopcock L On the upper end of PQ, is the 
metallic cup F, which may be closed air-tight by the plate of glass E, 
smeared with lard.- The tube PQ is accurately marked with a scale of 
centimetres, and (he fractional parts of the divisions may he read off by 
tho ivory scale S, a centimetre 'long, divided to every fifth of a millimetre 
Some contrivances of Prof. Miller for avoiding error of parallax in this 
reading need not hero be described. 

To use this instrument, the object expeiimented on is placed in a cup 
witbm the vessel F , and mercury is poured into the tube at D, until both 
tubes are nearly full, and the surface in PQ stands exactly at zero of tho 
scale. The plate E is now placed air-tight upon F, wluch being aocom- 
phshed, the stopcock E is ppened, and mercury is 'allowed to run out, 
until the difference of altitude of the mercury m the two tubes is nearly 
equal to half tho height of the barometer at the time. Suppose tho mer- 
oury in PR now to stand at the point M, and m DB at tho point 0 ; then 
the pressure within F is less than the atmosphene pressiiro by the weight 
of the column of mercury, MG, which corresponds to the column of mer- 
cury, CD, in the simple form of instrument above described (Jiff 820). 
Hence, by the formula already given, we may find the volume of air 
within P, occupied or unoccupied by other objects This is on the con- 
dition, however, that we know the volume PM, and it is necessaiy to 
determine acenrately tho capacity of the divisions of the tube PQ by the 
usual method of filling it with mercury, and weighing the portions as* 
they run out, corresponding to given lengths of the tube To tucilitate 
this operation, F may be imserowed, and the stopcock L substituted, and 



the instrument being inverted, mercury may be poured in thruugli a tube- 
funnel at the opening K 

The results of this instrument are much affected by changes of tem- 
perature, and will be nneertuin and inexact, except in the hands of a 
skilful and careful operator Actual readings of a good barometer at tho 
time are also necessary (See Baeometbb, i. 809 ) W S. J. 


VOZZXN and 'VOlZItCE. Syn with Voitzin and Voltzite. 


VOBAUIITE. Syn. with Lazuhte (ill 477). 

VOBHATTSEBXTE, A massive dark-brown variety of serpentine from Monzoni 
m the Flomser valley, Tjrol. specific gravity ■= 2 46. (Oellacher, Jahrh. geol. 
Eeiohsanstalt, 1867, p. 268.) 

VOSG-ZTE. This name was given by Dolesse to agreen felspar from the porphyry 
of the Vosges, and from the gabbro of Mont Gonivre. Eammelsbei-g h,is, however, 
show 11 that it is merely a deconipiosed labradorite. 
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VPliCAJStlSATIOIJ, The process of combining caoutchouc with sulphur, at 
high temperature, whereby it acquires increased elasticity (i 739). Oils heated with 
sulphur likewise form more or less tenacious and elastic masses, and Terra has 
slioMTi (Gompt. rend, xlvii. 878), that hnseed-oil heated with chloride of sulphur 
yields a product of this nature, which he calls vulcanised oil. 100 pts hnsood- 
oil heated with 26 pts. chloride of sulphur (saturated with sulphur), yield a product of 
considerable luu'dnesa, though not so hard as ebonite It is opaque, brittle uben cold, 
pormauent lu the air ; withstands the action of dilute mineral acids and alkalis, but is 
decomposed by them in the eoncontrated state; turns brown at 120\and decoOiposes 
at a somewhat higher temperature , hocomea strongly electric by faction. 

VUIiCAKTITH, or BBOSTITE. Hardened caoutchouc. 

VUliPIC ACID. G''H'‘0’. — ^An acid occurnug in Cetrana vtUpim {lAcheii 
vulpiiius. L ), a lichen which grows in Norway, and is there collected for mixing with 
nux vomica, as poison for wolves It was first separated by Bobert (Ann. Ob. 
Pharm. ii. 342), — who called it vulpnlin, — but in an impure state, so that it was 
regarded by BorzeHua as identical with the colouxin^matter of Parnielia panetma, 
and was afterwards mistaken for ohrysophamo acid, till its true composition was 
demonstrated by Streefcer and Moller (tJid. cxiii. 68), who desi^ated it vnlpio 
acid. It is very much like name acid (p 670), ftom which it difl'ers only by the 
elements of 2 at. water. 

To prepare vulpic acid, the lichen is macerated with 20 pts. of lukewarm water, and 
a little milk of lime for six hours, end then strained; the residue is again exliausted 
■with 10 pts. of warm water ; the united extracts ars slightly supersaturated -with hy- 
droctilorio acid , and the yellow floeculent precipitate, consisting of vulpic acid con- 
taminated -with resm end chlorophyll, is purified by loerystallisation from strong 
boiling spint or from ether. 100 pts of the lichen yield about 12 pts of the acid 

Vnipio acid separates from its ethereal solution on cooling, in transparent yellow 
needles, by slow evaporation it is obtained m well-defined, bullcy, transparent, mono- 
cliuio crystals, having nearly the colour of rhombic Biilphnr It is nearly insoluble m 
water oven at the boiling hoot, dissolves with difficulty idso in boiling absolute alcohol) 
and separates for the most part on cooling, more easily in ether', but most abundantly 
in chlot ofm in, wjiich might therefore be advantageously used for extracting it from the 
lichen. It melts at a temperature above 100°, and sobdifles m the orystallma form 
on cooling At a stronger heat it decohiposes, leaving n small quantity of charcoal, 
and gi-ving off a yellow smoke, which condenses portly in brown drops, partly as a 
yellow powder 

Vulpic acid boiled with excess of potash-lep, of speciflo gravity 1 08 to 1 16, is re- 
solved into oxatolyhc acid (iv. 287), carbonic onhydnde, and methyhe alcohol; 

O'^EXO* -s SH«0 = - s- 200’ + CH<0. 

■Vuliitc add. OxatdjfUc Methdle 

But when boiled ■with baryta-water, it undergoes a different decomposition, yielding 
alphatoluio acid (p 863), oxalic acid, and metbylic alcohol; 

C‘»H“0' + 4H’0 =. 2C‘H“0’ + C’H’0< + GH<0 

Vul^jio Alphamlulc Methjilc 

Vnlpates. — Vulpic acid is monobasic The vulpatcs of the alkali-matals and 
alkaline earth-metals ars soluhle in water, and are easily obtained by treating the 
acid with water and alkaline hydxates or carbonates The other vnlpates are in- 
soluble, and are obtained by precipit,ition. 

Vulpate of ammonium, C'“H"(NH'jO" H’O, forms yellow crystals, which dissolve in 
water and in alcohol, give off ammonia and water when heated, and are then no longer 
perfectly soluble in water — The harmm-salt, C“H'=“Ba"0'" 2H’0, is obtained by boding 
1 ulpic acid with water and barium-carbonate, and separates from the filtrate on cooling, 
in light-yellow ueedlo-sbapod crystals, but by rccrystnllisation from alcohol, it is 
obtained in oriuigo-yellow noodles containing a different amount of water ^Tho potas- 
sium-salt, H“0, crystallises in light-yellow needles, somewhat spai'ingly 

soluble both in water and m alcohol. — The silver-salt, 0'®H'’AgO, is a yellow easily 
docompoBi ole precipitate, whi'-h dissolves m ammonia, and likewise m boiling ivator, 
though in the latter case with paitial decomposition. It blackens at 100°, but without 
much loss of weight 

■WEPIKTITE. Anhydrite from Vulpine, near Bergamo. 

■WTll.P'Ul.lc ACIB.lg vvith VuLHo Acid. 

VUIPUMW. > 
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WACKE. Syn. with GnixrwAcam (ii. 842). 

WAS. A term applied to oree of manganese of variable composition, consisting 
mostly of mixtures of the seaqnioxide and dioxide of manganese. (See MAiioajcese, 
ill. 813.) 

WAGIXE. A mineral from Nischni- Jagurt in the Ural, containing 20 0 per cent, 
silica, 66'9 zinc-oxide, 4 7 water, and 1 65 lime, together with traces of copper and iron, 
closely albed therefore to hemimorphite, but containing somewhat less water. It forms 
crystalline ooatmgs of bine to green colonr , hardness =-5 0, and specific gravity =» 
2‘707. (Eadoszkowati, Gompt. rand. bii. 107.) 

WAOVERITE. Phosphatofluoride of magnesium, found in the valley of Hdllen- 
grabon in Salzburg, (See Phosphates, iv. 669.) 

WAIF A. Tlie Chinese name of a yellow dyestuff, consisting of the undeveloped 
flower-huds of SopTwrajaponica. 

WAI.CHOWXTB. Eetinite from the coal-mines of "Walohow m Moravia (p. 98). 

WAXiEHElKITE, A green mineral resembling actinolite, from the serpentine 
of 'Wiildheim in .Saxony, containing, according to Knop (Ann Ch. Phann. ox. 360), 
65 68 per cent, silica, 10‘66 magnesia, 10'84 lime, 12'04 soda, 6 66 ferrous oxide, 0'36 
manganous oxide, and 1-72 alumina Hardness = 6’0. Specific gravity = 2'967. 

WAIili IilCKEnr. Tarmlm parietina. (See Iiohens, in. 687.) 

WAiNUX. Juglans regia . — The green shells of the fruit of this tree contain, 
according to Braconnot, a peonlior bitter piinciple, together with citric acid, mabe 
acid, tannin, &c. Accoidin^ to Buchner, the alterable constituent of the shells and 
leaves of walnuts is not tannin, but a peculiar acid, juglan die acid, which, in contact 
with the air, is converted mto a neutral brown insoluble substance called juglandin 
(in. 444). 

The ripe kernels contain 40 to 50 per cent, of a &t-oil, having a yellow or greenish- 
yellow colonr, a mild taste and odour, and a specific gravity of 0'96. It solidifies at 
—27°, dissolves sparingly in alcohol, and dries easily in contact with the air. Accoi'dmg 
to Saussuio and Hermann, it contains from 79 to 80 per cent carbon, and 10 6 to 1 TO 
hydrogen. 

According to Vogel and Reischauor (Buehn. Report v. 106, vi. 1), fresh 
walaut-ahefls contain a peculiar principle, which they call mucin (iv. 143). 

The ash of the wood, bark, and leaves of the walnut-tree in spring and autumn has 
been analysed by Staffel (Ann. Ch. Pharm. Ixxvi. 879) ; that of the nuts themselves 
by' Glasson {iki. Ixi. 84?) : 


Ashcifihe Walnut-tree. 



Wood. 

B«rk. 

Leaves. 

Nut. 

Ash per cent, of fresh 
substance 

1 0 90 

Autumn^ 

1-47 

1-38 

Autumn. 

3-68 

1.09 

Autumn. 

2-67 

0-67 

Ash per cent, of dry 
substance 

10-03 

2 98 

8-76 

6-40 

7-72 

7-0 


Potash 

40 8 

14 9 

44-6 

11-0 

42-0 

26 6 

27-1 

Lime .... 

22 5 

66-9 

18 4 

70-1 


63 6 

21-6 

Magnesia . 

8-9 

81 

7-2 

10-6 

4-8 

9-8 

7-7 

Alumina . 




0-3 

0'2 

0 06 


Pernc oxide 

2 7 

W 

08 

0-4 

04 

06 

0-7 

23 

Sulphuric anhydride . 

49 

3-1 

4-4 i 

0-1 

26 

2-6 

Silicic „ 

24 

28 

2-7 

0-7 

1-2 

2-0 

1 1 

Phosphoric „ 

Chloride of potassium 

149 

12-2 

19-0 

68 

21-1 

40 

88-8 

8-1 

06 

1-9 

0-9 

1-0 


0-8 


Several preparations from the leaves and young shells of the walnut are used ii 
medicine; the oil of the nuts is used chiefly as a condiment. (Handw d. Chem. ix. 566. 
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WABW.ICKITE. A TOUieral oceumng at Warwick in Hew York, in dark-krown 
or iron-Mack, indistinct, monoelmic crystals, of specific gravity 3 0 to 8 3. According 
to Shepard (Sill Am. J. xxxiv 313 , xicxvi. 86), it contains 27‘33 per cent fluorine, 
G1'71 titanium, 7‘14 iron, 0 80 yttrium, and traces of alumimum. According to 
L Sniith {ibxd. icvi 293) it contains 20 per cent, korie neid 

'WASBZN’CrXON'^^E, Titamferons iron, fromLitchfiold, Connecticut (p. 847). 

WASIXB. Tins name was given ky Bahr (Pogg An. cxix. 672, Jakresb. 1863, 
p. 199) to a mineral resembling ortkite, from Eensiiolm, an island near Stockholm, 
wkiek he supposed to contain the oxide of a now metal, wasinm , subsequent experi- 
ments, however, have led him to regard this supposed new oxid6 as most probably iden- 
tical with thorma (Ann, Cli Pharm. exxxii. 227 ; Jahrosb. T866, p. 207). The so- 
called wasite contains alumina, ferric oxide, yttria, thorma, the oxides of cerium, 
lanthanum, didyminm, and manganese, lime, and alkali. 

WASItna. See the last article, 

'WATER, Sjmonyms, Waaser. jEau. Aqua. SSap. Symbol, It'D. Moleenlar 
weight, 18. — ^This substance, which plays so important a part in most terrestrial 
phenomena, was long regarded us an element or Simple substance. Towards the end of 
the last century, however, the observations of Cavendish on inflammable air furnished 
the material by which Lavoisier was enabled to show that water is a compound of 
two distinct elementary substances, and thus to supply an important feature of the 
chemical system he had introduced. (S«e Gas, i 780 ei seq ) 

Water occurs universally on the earth m one or other of thp physical states which 
it IS capable of assuming As a hquid it eonstitiitea the great mass of the oceans, 
seas, rivers, lakes, &c , which cover upwards of three-fourths of the earth’s siu'face. 
Water also issues from the intenor of the oarth at many places as springs (pp, 1014, 
1016). In the solid state, as ice and 8now,it occurs permanently in the polar regions, 
and in lofty mountain distncts, and periodically in the temperate zones. In the state of 
vapour It occurs invariably as a constituent of the aerial envelope of the earth, and to 
an extent determined by the temperature and other local conditions (Ataiospheeb, 

1 487, and CMUnB, i 1027 et seq ) Water-vapour also occurs abundantly in the exha- 
lations of volcanoes, during eruptions, and is continuously evolved from &e interior of 
the earth at many places, as in Iceland and at the solfatara and fiunaroles in the 
neighbourhood of volcanoes. 

Water also occurs mechanically disseminated throughout the mass of the strata 
underlying the earth’s sttrfq,co, sometimes m considerable proportion, and even the 
most compact rooks contain a sensible amount of water In manjr solid muieiale and 
organic substances it also exists m a state of combination, spmetimes to the extent of 
40 or 60 per cent and upwards. Thus nllophane contains about 40 per cent, of water, 
chabasite contains 20 per cent., and brown iron ore 16 per cent of water Living plants 
and animals contain from 80 to 90 per cent, of water. 

Projcj-fr'cs.— Pure water is perfectly free from taste and smell, and within a range of 
temperature between 0° and 100° 0 , under the ordinary atmosphano pressm-e, it is a 
transparent, almost colourless liquid. The slight blue colour of water may be observed, 
as pointed out by Bunsen (Ann. Oh. Pharm. lixii 44), by looking at a shining white 
object through a column of pure water 2 metros long, contained in a tube bladconed 

The density of water m the liquid state is about 770 tunes os much as that of at- 
mospheric air, and is greatest at a temperature of about 4° 0 ( «= 39'2° B) (Heat, 
ill 68 et seq ) Taking the density at this temperature aa unity, it is 0 999877 at 0° 
C., and 0'999107 at 18 8° 0. The density of water is always taken as the etandoi'd of 
comparison in reference to which the densities of other solid and liquid substances are 
expressed (sea Spboifio GnAviTr, p. 367 et seq.). In the United Kingdom the 
density of water at the temperature of 60° P. (= 15 6° G ) is taken as unity ; but on 
the continent the density of water at the temperature of 4° 0. is more generally 
adopted as unity. A cubic centimetre of pure water at this temperature, and under a 
pressure equal to a barometric column of 760 millunetres of meremy^ — 29’922 inches 
— weighs 16'432349 giains or 1 gramme, which is the unit of weight in the metric 
system. 

The following table (p. 1010) gives the weights of certain volumos of water in tenns 
both of the metric system and of the system of weights, and measures used in the 
Uniiod Kingdom 

"Water is slightly elastic. By an increased pressure of one atmosphere its volume 
IS reduced to tlie extent of 000046 (Oersted), or 000047 (Begnault), and under a 
pressure of 200 atmospheres its volume is said to be reduced.^ (Perkins, Glib Ann. 
Ixxii 173, Pogg. Ann. IX. 664). The compressibility increases as the temperature 

"Von V. 3T 
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rises. Thus at 0° 0. it amounts to 0000503 ; at 10-8° to -000048 ; at 36° to -0000460, 
and at 63° to -000041 (Grassi, Ann. Oh. Phys. [3], xxxi. 437. See EnisTioiTT, 
11. 370.) 

Talcing thevolnme of water at 0°O.asnnity, it expands to 1-042986 when lieatedtolOO" 
'0. (Kopp), and to 1-1016 when heated to 166 8°, (Mendelejeff.— SoeHEiT,iii 68.) 

Water has a liigh capaoity for heat, and its specific heat is taken as the standard of 
unity in roferenoa to wmeh the capacities of other suhstences for heat are expressed 
(Heat, iii. 34 ) 

Water is aweryhad conductor ofheat; but when heat is applied to water from below 
the portion which_ is heated expands, and thus becoming specifically lighter, riso,s 
to the surface, while the colder and denser portion sinks, ancl is in its turn heated, 
until tho whole mass acquires a uniform temperature. (Oonditowon oi- Heat, 
p, 73.) 

At the temperature of 0° 0 water becomes solid or freezes, and at the same time ex- 
pands considerably In that state it presents ns ice ciystnlline structure, and as snow 
orystaUine forms belonging to the liexagon.il system, which are denratires of the rhom- 
bohedron and six-sided pnsm. 

Ice 18 colourless or slightly hliioisb, and transparent when it has been formed from 
water perfectly at rest. Its density is less than that of water at 0° C., or about 0- U'20 
(Dufonr, Compt. rend Ivi 1079 — Dnvernoy, Pogg. Ann. cxvii 464) Consequently 
ice always floats on the simface of water, and since water attains its mnximura density 
at the temperature of 4° above the freezing-point, it follows that when the water of 
lakes, nvers, &c , is cooled below that point, the colder portion remains at the surface, 
and when it reaches the freezing point, is there converted into ice, while the water below 
remains at 4° 0. 

, The expansion which takes place in tho freezang of water, to the extent of nearly -f; 
the volume of tho wnterr frequently causes the bursting of pipes and other vessels, 
and it is a powerful agent in the disintegration of rooks. (See Heat, in. 76 et seq ) 

Water contained in closed vessels and in a state of perfectrest may be cooled to - 1 0° 
or —13° 0 without becoming solid, and then on the slightest agitation it suddenly soli- 
difies. (HEAT,'iii. 76.) 

The conversion of water at 0° 0 into ice is accompanied by liberation of heat, and 
in the melting of ice heat is absorbed or rendered latent to the same extent, without 
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table of the results obtained by Arago and Dnlong (Ann. Ch. Phys. [2], xliii, 
74).— 



The boiling point of water under the ordinary pressure is shghtly influenced by the 
nature of the vessel in which it is heated, and by the state of its surface. Thus in 
vessels of glass or porcelain, with very smooth surfaces, water boils 1 or 2 degrees 
higher than in metallic vessels with a rough surface (^e Hbat, hi. 87.) 

The conversion of water into vapour is always attended with absorption of heat. The 
quantity of heat absorbed or rendered latent by water at 100® C., in beconung vapour 
at the same temperature, would raise the temperature of water 6 37 tunes as much 
from 0® to 100° 0., so that when one pound of water vapour at 100° 0. is mixed with 
5'37 pounds of water at 0° C., the vapour is condensed and the 6'37 pounds of water 
have a temperature of 100° C. (See hi. 96 1< seg.) 

Water-vapour is colourless and transparent, and becomes visible only when pai» 
tMy condensed, as in the ease of steam escaping into the atmosphere. The speoiflo 
gravity of water-vapour at 100° 0. is 0 622, as compared with air at the same tem- 
perature, and as compared with air at 0° 0. it is 0 466 

Water is a very emcient solvent, so much so that there are very few substances, 
solid, hquid, or gaseous, which ore not to some extent capable of being dissolved by 
water. Many substances, however, can be dissolved by water only m such nunute 
proportions that for most purposes they may be regarded as practically insolnhle Thus 
ealcio carbonate is generallji classed among insoluble substance; but since it dissolves 
in from 10,601 f (Fresenins) to 30,000 parts of water, it must be considered as a 
soluble substance, so far as relates to the character and contents of natural waters, 
since the above proportion amounts to at least 2 6 grams per gallon, and especially 
since calcic carbonate in some form or other is so frequently a constituent of the strata 
with which water comes in contact. 

The solubihty of different substances in water is very unequal. Some are readily 
soluble, and require only small proportions of water, others aw but sparingly soluble. 
Generally the solubility of any particular solid or liquid substance ie increased in pro- 

C .on as the temperature is raised. (See Heat, lu 79 , and Solution, v p 349 ) 
there are many exceptions to this rule • thus cold water dissolves calcic sulphate 
in larger proportion than water at 100° C., and water at 120° 0 does not dissolve 
any. Water at 0° 0 dissolves nearly twice as much hme as water at 100° C 
Tn the case of gases, the amount capable of being dissolved by water is very much 
dependent on the pressure. Under the ordinary pressure it is generally larger in 
proportion os tlie temperature is lower. Thus water at 0° 0. dissolves 68'61 times its 
volume of sulphiu-ous acid gas, while water at 24° 0, dissolves only 31-8 times its 
volume, There are, however, exceptions to this rule , between the temperatiiros of 0° 
and 26° 0 , water dissolves a constant amount of hydrogen, or 0’0193 of its volume. 
(Gases, Absobption of, i 791 et seg.) 

When the solution of a solid suhstanee in water is not accompanied by chemical 
combination, there is very often a reduction of temperature produced, sometimes to oe 
considerable extent (See Heat, ui 79, 80, and 112.) The solution of gases, on the 
contrary, is generally attended with, mciease of temperature, partly in consequence of 
the change of state in the gas. 

Aqueous solutions of soUd substances have a higher density than water ; end, for 
any given substance, the density is proportionately higher according to the amount of 
suhstanee in solution. The water-solutions of certain hqiuds and gasasara alaodanser 
than water , but m many instances tile density of such solutions is loss than that of 
water For some purposes the degree of density of water-solutions of any partioulnn 
substance affords a sufficiently accurate mdieation of the amount of such suhstanee in 
the solution, as in the case of sugar, soda, sulphuric acid, hydroehlone acid, ammonia, 
alcohol, &c. 

The freezing-point of water-solutions is lower than that of water- thus sea- water 
freezes less readily than fresh water. When dilute solutions freeze, pure ice is formed, 
and thus the solution is concentrated. In cold countries salt is often obtained in this 
3t2 
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■wny A solution containing 10 per cont. of common salt freezes at — 6°rC ; one with 
10 per cent ammonium-chloride freezes at — 6 6°0. , one with 43 per cent crystallised 
calcic chloride freezes at —10° C , <mcl a saturated solution of calcic chloride freezes 
at —21° 0. (Kndorf, Poggend Annul, cxiv. 63.) 

The boding-point of water is raised when it contains sohd substances in solution, 
and to an extent pioportionate to the amount of substance in solution (See Heat, 
ill. 89.) Liquid iind gaseous substances dissolved in water sometimes cause a rise and 
sometimes a depression of the boilmg-pomt 

Certain liquids when mixed with water form two solntions which do not mm, each 

iiTe'r 


separate layers. 

The saturated solutions of solid aiibstapcos which are capable of crystallismg 
deposit these substances in a ciystallmo form when the water is evaporated, and 
the crystals thus produced are generally larger and more regular when the evaporation 
goes on slowly, and without disturbance of the liquid. (CEYSiAiiisATioN, ii. 114 

l^ater, in its chemical characters, is a remarkably neutral substance, the relatively 
basylous and chlorous oharactoxs of its constituents being so nearly compensated that 
it IS capable of assiiming either relation according to the natime of the substanco with 
which It reacts or combines Its basyl constituent may be replaced, either by a 
basylous or chlorous substanco (Metals and Metalloids, hi. 937), so as to produce 
a great variety of compounds whose eonstifution is roferrible to the typo of water 

Water, though itself an eminently neutral substance, often exercises an important 
influence in dotermiiiing the chemical activity of other substances, not only as a solvent 
by rendering one or more of the substances concerned in a particular reaction, bquid, 
and in so far more susceptible of chemical action, but also by tukmg part m the reac- 
tion Itself , thus, for instance, concentrated sulphuric acid and iron present no reaction 
even when heated to the boihng-poinl, and this is also the case with concentrated nitno 
iicid, and the metals tin, load, and won. When water is added, however, vigorous 
cliemioal action is at once set up, and in numerous other instances the presence of 
water, in some condition, is essential to chemical action. The chemical processes 
Liking place in the organisms of plants and animals require the presonoo of water, and 
in the alteration of minerals it is equally necessary, both as the solvent of products 
of decompoBiuon, and as the medium for rendering offloieut the carbonic acid, oxygen, 
&o., by which alteration is produced. 

Oomvosition — ^The composition and constitution of water have already been treated 
of. (Htdeoqek, Oxides op, lii. 196 ) 

Hscmpositton.—yf&tev may be decomposed in various ways , viz. 

1. With liberation of both constituents. 

By Heat —Grove first observed that water is decomposed by heat. Deville con- 
siders that this dsoomposition (dtsassociaium) takes place between 1000° and 2000° C , 
and that at a lower temperature the greater portion of the gases again combine to- 
gether. 

By Electricity, — ^When two platinum-plates are immersed in a vessel of water, 
slightly acidulated with sulphuric aeid to increase its conducting power, and these 
plates are connected with the poles of a voltaic battery, hydrogen and oxygen gases 
are evolved at the surfaces of the plates. If these gases are collected in two glass 
tubes flUed with water and inverted over the platinum-plates, the volume of the hy- 
drogen gas evolved at the one plate wiU be found to bo exactly double that of the 
pxygen gas evolved at the other plate, except m so far as the greater solubility of oxygen 
gas m water afieets this relation. (Elbctboltsis, u. 432 et eeq.) 

2. With liberation of one constituent only — 

The metals of ths alJsalis and alkaline earths decompose water at the ordinary tem- 
perature, disengaging hydrogen and form'ng oxidea. Many other metals decompose 
water or water-vapour in the same way at tomperatuies varying from 100° 0. to a 
white heat Others do not decompose water under the influence of heat alone. — Iron 
and many other metals decompose water at the ordinary temperature, only m the 
jiresence of an acid — Zinc and some other metals decompose water under the influence 
of heat, and in the presence of an alkali 

Carbon also decomposes water-vapour at a red heat, yielding hydrogen, some car- 
bonic oxide, and a little carburetted hydrogen 

Some of the lower oxides decompose water, or water-vapour, with evolution of hy- 
drogen, either at the ordinary temperature or with the aid of heat. — Hydrated silkwm 
oxide decomposes water in presence of acids or ammonia, fornung silicic acid — 


1 aetmg as a solvent to the other, thus water dissolves lu per cent by measitte of 
, while ether dissolves about A of its bulk of water, and when water is mixed 
more ether than it can dissolve, these saturated solubons are formed in two 
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ihrboiiio oxife decomposes water-vapoivr at a red heat, yielding hydrogen and carhonio 

CHonne decomposes water under the influence of light, and water-vapour at a red 
heat, with formation of hydrochloric acid and liberation of oxygen Water-vapour 
heated to redness with h'romtnt-vapmr in excess, is decomposed in a similar manner. 
This decomposition is not eftected by iodim. 

3. Both constituents enter into other eombinationa • — 

Fhosphirus heated with water in presence of on alkali decomposes it, with for- 
mation of phosphoretted hydrogen and hypophosphorous acid. According to 
Schonbein, water is decomposed when boiled in contact with nitrogen-gas, nitrous 
acid and ammonia bomg formed . 

^>“0 -t 2N = (ItH<)N0». 

Mony chlorides and bromides deeomposa water, forming oxides and bydrochlorio or 
bydrobromio acid. Thns phosphonis oMondea yield, with water, phoaphorons or phos- 
phoric acid and hydrochloric acid . 

PCI- -t- 3H=0 - 3HC1 -1- PH“0>; and PCI* + 4H*0 = PH»0‘ + 6HC1. 

Some motaUic ohlondoa are decomposed by contact with water, forming oxy- 
chlorides and hydroohlomo acid. (Ahhmoht, i. SIS, 327, and Bismuth, i. 091.) — 
Jlmmnio and magnssu) Mondes decompose water when their solutions are boiled, 
yielding alumina or magnesia, while hym’ochloric acid escapes. 

Many metallic chlorides, bromides, and iodides decompose water-vapour with the 
aid of heat, yielding the corresponding oxides and hydrodiloric acid. Certam metallic 
sulphides decompose water-vapour in a similar manner 
Araanious aoid and sulphurotts aoid decompose water in presence of chlorine, with 
formabon of iirsenio acid or sulphuric acid and hydrochloric acid 

Certain oa-ides decompose water, wiOi formation of a product containing the elements 
of both substances. Tims snl/phunc anhydride and water yield hydnc sulphate ; calm 
omde and water yield calcic hydrate . 

S0> + H'O =, SH»0*, and CaO.ffO = CaH’O’. 

Production. — Water is formed whenever hydrogen-gas, or a combustible substance 
containing hydrogen, is burnt m oxygen or atmospheric air. (Hydhogeh, iii 192; 
PuEL, 11 722 , and Ebemacausis, li. 497.) Water is also produced when hydrogen, or 
organic and other substances containing hydrogen, are exposed to a bright rod heat in 
contact with easily reducible metallic oxides or other substances capable of yielding 
oxygen imder those conditions (Oxtgbn, iv. 308.) 

Oombtnahons . — Water enters into combination with other substances m various 
ways. In some of the compounds which it fomis, water exists as such, while others 
more probably contain only its elements in the same relative proporbon as in water. 
(Hydkatbs, iii 179 ; Atomic Weights, i. 468 et seq.) 

With many saline and other substances, water combines in definite equivalent pro- 
portions, producing compounds which are sometimes capable of assuming regular crys- 
talline forms. In such cases it exists as water of orystalltaaiion, and the orystalline 
form of such substances is essentially connected with the amount of water they contain. 
The amount of water which may be contained m crystallised substances vanes from 1 to 
24 atoms, and the same substance may combine with water in several diflferentpropor- 
tlons. Thusborox, crystallised from solution at tbe ordinary temperature, is combined 
with 4^ at. of water, and when crystallised between 60° and 80° C., it is combined unth 
2 at . in the one case it forms oblique rhombic prisms (21IaHB“0* + 9aq.) , in the other 
case, octahedrons (H’aHB-0*24aq.). Sodic carbonate crystallised fi'om solution at the 
ordinary temperature forms rhomboidal prisms (Na=CO“ + lOaq ), at a higher tempera- 
ture it crystalhses as Na^CO® + 8aq., or as Na’CO" -t 6aq , and from a hoihug solution 
It ciystallises as Na^CO* + laq. in rectangular tables 
The presence of water of crystaUisation combined with a salt, often influences its 
colour , thus anhydrous oupno sulphate is white, while the crystalline salt Ca"SO* -i- 6aq. 
IS blue Anhydrous nickel sulphate is yellow and the crystaUme salts are green 
lu some cases, water of ciystalLsation is so feebly combined that it is gradually 
separated when the substance containing it is exposed to dry air (Evm.OHia30BHCE, 
n. 362 ) Water of crystallisation is always expelled by heat, and generally at a tem- 
perature of from 100° to 120° C. Some crystallised substances require a higher tem- 
perature , but in any case the crystals become opaque and friable in proportion as tbe 
water of crystallisation is expelled, and at last disintegrate and fall to powder Cer- 
tain substances retain a portion of tbeir water of eiystallisation more tenaciously than 
tbe rest Thus cupric sulphate retains one molecule of water when dried at 1 00°, 
and does not give it up until heated to' g00° C (Hybbatbs, lii 180 ) Potabh-ulum 
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loses 10 at. water at 120“, and the remaining 2 atoms are not separated iipder 200° C. 
Water of crystallisation may also be abstracted from crystals by immersing them in a 
liquid which attracts water but does not cUssolTe the substance Thus alcohol ab- 
stracts water from crystallised sodie sulphate, and oil of yitriol abstracts it from 
cupnc sulphate. 

Substances containing water of orystalliaation frequently melt with ease when heated, 
and tlion become solid again after the heat is mamtamed some time, and the water of 
crystallisation has been evaporated. 

Many amorphous substances also contain water in a slate of combination similar to 
tliat in which It exists in crystals. 

Substaneas which are very soluble in water often attract water from the atmosphere 
to such an extent as to form a solution, and are then called deliquescent, as for instance 
oaloio chloride. (DEuanESCBNaB, ii. 309 ) Many insoluble pulvenilent substances 
also attract water from the air in the same manner, as for instance cupnc oxide, silica, 
&c., and are teimed hygroscopic Organised substances, such as wood, hair, fee., have 
the eame property (Htobombtjjy, in. 233). Some hqulds have the same property, as 
for instance sulphuric acid. 


KTatural Water. — The constant evaporation from the surface of all masses of 
water exposed to the atmosphere, the diffusion of the water-vapour throughout the 
atmoaphrae, and its subsequent condensation there to the liquid or solid state, give 
rise to au moossant circulation of water, which enables it to play an important part in 
tv variety of natural phenomena Of the total amount of condensed atmospheric vapour 
falling upon the surface of continents and islands, a certain portion, which vanes in 
different localities according to the relative pormeahihly' and configuration of the super- 
ficial strata, is absorbed and penetrates downwards, nntil it reaches a less peimeablo 
stratum, above which it accumulates, and taking an underground course, determined 
by the mohnation of the strata, towards some point whore they crop out i^ain at a lower 
level, reappears at the surface as springs along the line of outcrop. It is there dis- 
charged into, or forms the source of a stream, and thence flowing along the surface, 
such streams unite to form a river, which finally falls into the sea. If the permeable 
or “ water-bearing” strata do not crop out again at the surface, but dip down under 
others whui are impervious, the water they absorb may penetrate to very considerable 
depths, and will not than reappear at the surface as a spring, unless it meets with 
a fissure through which it may be forced upwards — either by the hydrostatic pressure 
of the water lu the upper extremity of the water-bearing strata, or by some other force 
acting from below — or unless the overlying strata ore bored tlirough so as to form an 
artificial spring (See Aetesiak Wells, TJrds Thuitionary of Arts, Manufactures, and 
Mines, 1. 192 etseq.) 

As a consequence of the remarkable solvent power of water, it takes up whatever 
soluble siibstaneoB it may meet with in each ati^e of its passage from the state of 
vapour in the atmosphere to its discharge into the sea. (G-eoloqv, CHEansTnv m, 
11. 834 et seq.) Por this reason natural water never occurs absolutely pure, and having 
regard to this circumstance, the different kinds of natural water may bo classified 
under the heads of roxn-viaier, spring-water, nver-waiet, and sea-water 

Rain-water approaches nearer to absolute purity than any other kind of natural 
water. When collected in suitable vessels, it contains only such dissolved substances 
as tt can derive from the atmosphere These oonsiat chiefly of atmospheric gases — 
oxygen, nitrogen, and carbonic anhydride, together with organic substance, and parti- 
cles of dust and such other meclianical admixtures as are sometimes present in the air 
about towns, factories, &c. (Atmosphbbe, i. 439 «< seq ) 

The total amount of gases dissolved in ram water is about 26 cubic centimetres 
per litre The ratio of the oxygen to mtrogen by volume is greater in this gas than in 
atmospheric air, on account of the greater solubility of oxygen in water. (Atmo- 
spheke, i. 437 — Gases, Absoeption of, ii. 790.) AnalyBis has given the following 
percentage results by measiire 


Oxygen . 

Nitrogen 

Carbonic anhydnda 


Bniimort. 
. 33-7 
. 64 6 
. 18 


Pellgot. 

31'2 

66-4 

24 


Hain-wator probably always contains ammonia to some extent, either as carbonate 
or combined with other acids. The amount is greater just after the commencement of 
rain than when it has continued for a long tune. Bonsaingault found -004 grm. per 
htra in rain-water collected in Paris, and in that collected in the country only '00079 
grm. per litre. Dew ho found to contain from 001 to -006 gi'm. per litre. In water con- 
densed from fog ha found 0497 grm ,and on another occasion lu Pai'is 1378 grm per 
litre. Barrel found from -002 to -003 grm. per litre m rain-water collected m Paris 




an intimate connection between the temperature of ppnng-wator and the depth from 
which it rises. The probable existence of such a relation has received considerable 
support from the fact that the water from artesian wells has been observed to have 
a temperature higher in proportion to the depth from which it rises Thus the water of 
St. GrenoUe has a temperature of 28° 0. In many eases the temperature of spring- 
water presents little or no vanation throughout the year. Those hinds which have the 
highest temperature appear to be moat constant m this respect, and to have maintained 
a uniform degree of heat for many years Even cold aprmg-water has a temperature 
more or less above the mean local temperature of the places where it issues from the 
earth, and it is only those kinds .of spring-water risingfrom depths within tlie influence 
of the local atmospheric changes of temperature, that present any considerable varia- 
tion of temperature m the course of the year. The mean temperature of such spring- 
water IS either the same as the mean local temperature or but very little above it. 

As a rule the general character of the dissolved contents of spring-water does not 
present much variation except m so fer as concems the relativo proportions of the 
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BeTeral eoaatituents. They genetally consist chiefly of calcic, taagnesic, sofiic,potaasic,' 
femus andmanganoiis carbonates, sulpbates, chlorides, silicates, and sulphides, together 
■with organic substance, carbonic anhydride, atmospheric gases, and sometimes gases 
derived from othei sources But there is a very much greater difference m the total 
amounts of dissolved contents, saline and gaseons, in the water from di-ffcrent soliroes. 
Some kinds of spring-ivater are so highly charged, either -with saline or gaseous sub- 
stances, that they have a peculiar taste, and are unfit for the ordinary uses, either 
technical or economic, to •which water is applied. Such water is commonly termed 
inmcral viater^ and is in many cases considered to have, in Turtue of its dissolved con- 
tents, various medicinal properties The total amount of sahua contents in spring-water 
does not hear any relation to the depth from which it rises. 

Spring- water, of the land snitahle for ordinary use, does not contain sneh an amount 
of saline or gaseous contents as to ho sensibly affected in regard to taste. Water of 
th'is character, whether derived from natural or artificial apriugs, or other sources, 
such as rivers, lakes, &c., is called /m/i wafer, in contradistinction to mineral water 
and such water as contains a large amount of saline contents, hke sea-water and die 
water of certain .lakes. 

The total amount of dissolved contents in fresh spring-water vaiies from '06 to 2 or 
even 3 grm per litre. The gaseous contents consist of carhotm anliyinda, nitrogen and 
oxygai The amount varies from a few onliic centimetres up to as much as 100 cubic 
ceutinietres per htxe in some instances. The amount of carhonio anhydride is gome- 
times small, as in the water of soma surface springs situated in the midst of primitKB 
rocks, or in districts where there is little vegetation , but generally it is much larger 
111 spring-water than in rain-water, and m water coming from a considerable depth it 
Boinotimes amoimts to as much as 90 .cubic centimetres per litre. (See Taain or 
jtNXi.vsES.) The carbonic anhydride in spring-water may sometimes be derived to a 
groat extent from decaying organio substance m the strata through which it passes. 
This may bo the case with the water of surface-springs containing only a small amount 
of the gas, 6B;^ocially if it also contains nitrogen which may be the residue of the atmo- 
splicrio gases in the rain-water feeding those springs. But as regards those kinds of 
spring-water which contain a large amount of this gas unaccompanied by nitrogen, and 
which use from considerable depths, it is more probably derived from other subterra- 
nean sources. The frequent ocoiiTrence of carbonic anhydride in the form of local 
exhalations, and in mines, caverns, and wells, would ^pear to show that this gas, 
originating from suhteiranean sources, is very largely diffused throughout underground 
strata, in such a manner that the water permeating them can become more or leas 
charged with it, often under considerable pressme, before it reappears at the surface as 
a spring. (Seo CinBuino AftHroniDE, i 770 ) 

The amount of organio substance in fresh spring-water is usually small, except in the 
case of shallow wells situated near cesspools, sowers, grave-yards, or other places where 
jigauic substances are undergoing decomposition. Thewater of surface springs is some- 
times liable to contamination ft-om similar sources. Undor such oiroumstanees spring- 
water may contain a considerable amount of organio substance, and ammaniacal salt^, 
nitrites, or nitratm resulting from its decomposition. The water of such a well in 
Verulam Buildings, Bray’s Inn, contained, during tho summer of 1866, about -349 
grm. per litre of organic substance, and ‘246 grm. per litre of alkaline nitrates. The 
water of similar weBs in Paris contained -oai grm. per litre of ammonia, and from 
•063 to ‘428 grm. calcic nitrate. The water from 36 such wells in the city of London 
was found to contain from '38 to 1 851 grm. per litre of dissolved conteute, with from 
•030 to •! 30 grm. psr litre of organic substance, and from -039 to •648 gi^m, per litre of al- 
kaline nitrates. (Letbeby, Ssporton the Qmhtyof the Water from the Fnmps and 
Surface-wdls of the City of London, 1866.) 

Presb sprmg-’watcr is almost slways very dear and bright, in consequence of the 
great degree of filtration which it naturally undergoes in percolating through the strata 
which it may have traversed between the “gathering ground,” or sm'faoo from which it 
has penetrated, and the point at which it issues again ft'om the earth. Por the same 
reason it is generally cool, unless coming from a depth much above 200 feet; and, by 
reason of the gas it contains, it is sparkling and brisk to the taste 

The accompanring table contains the analyses of several kinds of fresh spring-water 
from natural and artificial springs, or artesian wells, and also from ordinary Wells. 

In mineral spring-water the total amount of dissolved contents varies from 
'lOTm to fiOOgwiK per litre. Besides the suhstanees already mentioned as being gene- 
rally present in all kinds of spring-water, it has been found that mineral water some- 
times contains a number of other suhstanees, some of which are present only in very 
minute proportion. Those axe phomhork, stdphnrom, hydroolilono, boracio, and ar- 
semens anas, barium, atrontiim, ktkmm, rubidium, ocesmm, hrovano, iodine, fluorine, 
line, copper, till, kad, silver, antimony, laohel, cobalt, manganese, &o. 
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togetlier withjt, and sometimes in enormous quantity, a single spring often yielding 
annually upwards of a hundred tons, and some artificial springs, like the artesian wells 
of Keusalzwork and Naurheim, yielding respectively from 1,300 to 2,000 tons of this gas 
111 the course of the year. Among the gases associated with mineral water, carbonic 
anhydride not only occurs in the largest amount, butajso exercises considerable influ- 
ence on the character of the' water, in many cases, by determining the solution of -calcic, 
muguesic, and ferrous carbonates, &c Irom tJio frequent oceurrenee of this ^ in 
connection with volcanic phenomena, and the very general distribution of calcic and 
magnesio carbonates m rooks, it is probable that the action of subterranean heat upon 
such rocks gives rise to the production of carbonic anhydride, either by direct decom- 
position, or more probably by determining the reaction of these carbonates with the 
silica of sihcious rooks, in snoh a manner as to form products which, hke lava and 
basalt, contain both lime and magnesia combined with silica. Carbonic anhydride 
may also originate from the decomposition of organic remains in rocks, and from their 
oxidation by reduoiblo substances such as ferric omde, and it may be to some extent 
produced by a Bubtervimean process of combustion, either of carbon, or carbonaceous 
substances by atmospheric oxygen convoyed into the interior of the eorth by water. 
Tile oocurrenoe of nitrogen together with the earhonic anhydride evolved from 
springs, and in volcanic districts, gives some probability to the opinion that the car- 
bonic anhydride mdy originate partly m this way. 

But whatever be the precise mode m which the carbonic anhydride associated with 
mmeral water may originate, its abundant existence in solution at great depths, and 
consequently under great pressure, is beyond doubt. Bor that reason, a considera- 
tion of the action of such a solution upon locks of the kind which maybe supposed 
to exist at those depths, is of great interest ns regards the production of mineral 
water. Struve found that n number of silioious rooks were decomposed whon exposed 
to the action of water saturated with carbonic anhydride under considerable pressure, 
and that the substances dissolved by the water nunost exactly corresponded with the 
dissolved contents of various kinds of nimeral wator. Thus, for instance, in operating 
upon phonobte in this way, the substance dissolved contained sodic, calcic, and magnesio 
carbonates and silica, almost m the same relative proportion as the carbonated alkahne 
water of Bilin Basalt and felspathio porphyry yielded substances corresponding to 
the dissolved contents of the Bger, Marienbad, and Toplitz wator. It may, therefore, 
be inferred with considerable probability that the decomposition of such silicates as 
constitute those rooks, by water containing a large amount x>f carbonic anhydride, is 
the source of the alkaime carbonates in mineral water, and to a great extent also of 
the calcic, magnesio, and ferrous carbonates it contains. Some idea maybe formed as 
to the magnitude of this process of subterranean alteration, from the fact that the 
mmeral water of Vichy alone brings up annually from the interior of the earth about 
1,000 tons of sodio carbonate, while the water of the Carlsbad springs brings up at least 
ten times as much. The occurrence of kaobn, steatite, aerpentme, and a variety of ei milar 
mineral substances, may be regarded as a phenomenon correlative to such a decompo- 
sition as that by which the alkalis or other bases of felspar, augite, or hornblende, 
are extracted in the production of mineral-water, and those minerals may represent 
the residual parts of rocks decomposed in this manner during very remote periods. It 
would be out of place here to enter more fuUy into the subject of mineral alteration by 
water containing various substenees lu solution, than to point out that the conditions 
under which mineral water comes into contact with rocks at great depths are pecubarly 
favourable to the production of many of those changes of minerals and locks which 
have hitherto been ascribed to imaginary causes, without a sufficient knowledge of 
their chemical features (See Geology, GamnsTiiY of, ii. 833 , Pseuhosioupiis, iv. 
374, and Bisohof, Chem Bhys. Geology.) 

The nitrogen ithich is so frequently associated with mmeral water, either in its 
gaseous contents, or in the gases discharged with it from springs, does not appear in 
all cases to consist merely of that atmospheric nitrogen which may be conveyed, in 
solution by the water, from the surface to the place where it acquires its salme contents, 
iilthough that may sometimes bo the case, especially when the nitrogen is accompanied 
by oxygen. The proportion of nitrogen to the other gases, and the actual quantity 
diBohatged is sometimes so large — as, for instance, at the Bath springs, where it amounts 
to about 260 cubic feet daily — that there are probably other sources of this gas, such 
as the alow decomposit’on of organic remains. Its occurrence has also been referred 
to an assumed process of subtcrninoan oxidation of metals by atmospheric air, which is 
supposed to penetrate in some way to great depths in the mterior, and in conjunction 
with tile reaction of water on these metals to give rise not only to the phenomena of 
thermal springs, but also of oarthqnaices and volcanoes. (See Daubeny, Description 
of Volcanoes, Earthquakes, and Thermal Springs. — Bisohof, Chem Pbys. Geology. — 
Decoq, tes Eaux Mmerales 
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Tha sulphuretted hydrogen present in some kinds of mineral-water originates from 
tile reduction of sulphates by carbonaceous substance and the decomposition of the 
sulphides by carbonic anhydnde. 

Quality of Water used for economic and teobnloal purposes. 

Since natural water is never absolutely pure, it is evident that as regards the water 
derived from any particnlar source, its fitness for ordinary uso will depend chiefly upon 
the amount and nature of the substances which may be piesent in a state of solution, 
and perhaps also mechanically suspended in the water. For drinking and for many 
other purposes, water which is perfectly clear and colourless is sensibly preferable to 
such as is turbid and eolonred, in consequence of its containing suspended impurities 
whether they consist merely of earthy mud, or of minute hying organisms. In this 
respect, spring or well-water, which undergoes a kind of natural filtration, is generally 
prefonible to the water of rivers or lakes, which being fed to a great extent by surface 
drainage, aie therefore the receptacles of much suspended impurity, and generally yield 
water which is turbid. 

So far as dissolved snhatance is concerned, those kinds of water which contain the 
smallest amount are generally preferable for most purposes But the quality of 
water, as regards its teehmeal and economic apphcations, is, within eertaiu limits, 
much more influenced by the chemical nature of the dissolved contents, than by tha 
actual amount. Those kinds of water which contain but a small amount of saline 
contents, or in which the saline contents, though in large amount, consist chiefly of 
alknhno salts, are, in ordinary language, termed “ soft.” Such water dissolves common 
soap without causing any, or at most but very httle, change. On the contrary, water 
containing coloareons or magnesian salts in solution, decomposes soap, forming with 
its fatty acids insoluble compounds which separate os a curdy white precipitate. Such 
water is commonly called "hiu-d,” and is more or less so m proportion to the amount 
of earthy salts it contains. The salts which render water hard are calcic or magnoaio 
carbonates, snlpliates, or chlorides, and as the former are held in solution chiefly by 
carbonic acid, the hardness due to them may be, to a great extent, removed by boding 
the water, and by driving off the carbonic acid, rendering the carbonates insoluble But 
the bai’dnesB due to tbe siUphutes and chlorides is not affected by boiliug. Hard water 
18 objectionable for many purposes. Its use for washing involves considerable waste 
of soap, since the curdy precipitate has no detergent action. For cooking and for 
various manufacturing purposes also, it iS inferior to soft water When it is used for 
supplying steam boilers, the insoluble carbonates are deposited as a crust upon the 
inner surface of the boiler, especially when the water also contains calcic sulphate. 
This salt is deposited as the water evaporates in a crystalline state, and serves to cement 
together the paitieles of carbonate precipitated when the water is first heated. 

The total amount of dissolved content® in water suitable for economic and technical 
purposes rarely exceeds -6 grm , or at most, 1 0 grm. per litre, and the better kinds of 
water contain voiy much less. 

The presence of dissolved organic substance in water has probably a much greater 
influence in determining its fitness for dietetic purposes than either the emouat or 
nature of the saline contents of ordinary fresh water This is especially the case as 
regawls the water of wells or rivers so situated that the diainage or sewage of towns 
passes into them. When this takes place to any considerable ^ent, the natural pro- 
cess of purification of nver-water, consisting in the oxidation and destruction of the 
organic substance, is not sufiicient to render the water of such streams fit for domestio 
use near the places where the sewage of large populations, or the drainage of fretones, is 
discharged into them (p 1018). Water containing 1 grm per litre of organic substance 
would perh.ips generally be unfit for drinking, and it may be assumed that wholesome 
water of good quality rarely contains more than from 006 to '01 grm per htre. How- 
ever, m districts where peat ahonnds, water which is sensibly coloured by dissolved 
organic substance is commonlyused for drinking without any deleterious results. Fro- 
bably the nature of the organic substance in water, its existence in certain conditions, 
or its capability of promoting the development of organic germs, may be of much greater 
importance as regards the wholesomeness of the water, than the actual amount of it. 
Substances resulting from the partial decomposition of effete vegetal or animal re- 
fuse are most likely to be directly prejudicial, and also to favour tha development of 
organic germs, especially if they are nitroghnons, and in a state of putrefactive change 
(Febmxotation and PoTRurAcrioN, ii 823 et seq ; Infusoria, hi. 269) This pro- 
bability is at least consistent with the known effects of such substances, and with the 
stiU unexplained connection which is believed by some authorities to exist between the 
prevalence of epidemic disease and the contamination of water, used for domestio pur- 
poses, with sewage or some similar impurity. (Frankland, On the Water Supply 
of the Metropohs, Free. Key. Inst, of Great Britain.— Simon, Report of the MAicoI 
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OMcer oftJie J^rivy Council for 1866 — ^Letheby, Eeport to the Sanitary CoimiUiee of 
the Commimonm of Sewers of the City of London, 1867, p- H et sey., and Beyort on 
the Cholera Epidemic of 1866 ) 

The whole subject of the influence of organic substance on the cbarnctor of water, 
in a sanitary point of view, is, however, involved in niueli obscurity ; but there can be 
no doubt that water contaminated with the refuse of towns is in every respect higlily 
objectionable for domestic purposes. Consequently the practice of discharging sewage 
into rivers, which at a lower part of their course furnish the water-supply^ of towns, , 
cannot be too strongly deprecated for this reason, and it is scarcely less objectionable 
as regards the condition of rivers, and their influence on the sanitary state of the dis- 
tricts along their banks. On agricultural grounds, also, the vast quantity of material 
possessing value os manure, which is wasted by the dischaige of sewage into nvers, 
consbtntes another very cogent reason for the diseontinnanco of this practice, and for 
the adoption of some means by which the phosphates, alkalis, and ammonia contained 
in the refuse of towns should bo turned to useful account in augmenting the production 
of crops, and by which at the same time the natural purity of river-water should be so 
far as possible preserved (See Exobbments, ii. 613 ; MANirais, iii 842 , Unom, v. 964 ) 

The relative wholesomeness of water intended for domestic use appears to be so in- 
timately connected with the presence of organic substance, that considerably attention 
has lately been devoted to the methods of estimating its amount and nature Hitherto 
the amount of organic substance has been estimated by ovapoiating the water to dry- 
ness and Igniting the residue so as to burn off the organic substance, the loss of weight 
on Ignition being taken as representing organic substance. This metliod, howovsr, 
apart from the objection of its being indirect, cannot be depended upon, for the follow- 
ing reasons 

1 If the residue is di'ied at 100° 0 , before ignition, it may retain water combined 
chiefly with ealoio and magnesio chlorides or sulphates, and a considerable part of 
the loss on ignition, may be due to thie cu'cumstance. A further part may be duo to 
volatilisation of ainmoniucal salts, and to the decomposition of magnesio chloride, 
nitrites, and nitrates 

2 If the residue is dried at from 120° to 130° 0. in order to expel water, there is a 
risk of partially decomposing the organic substance, especially when it is m a piitres- 

3 Li converting the oaustioised earths into carbonates, after ignition, by means of 
carbonic anhydride, there may bo in eome cosea a considerable increase of weight. 

The method of adding sodic carbonate to the water before evaporatmg to diyness, 
so as to decompose ammoniacal salts, and convert calcic and magnesio chlorides and 
Bulphatos into carbonates, and to obtain a residua free from water, fdso gives indefinite 
results partly for the reasons already given, and because : 

4 The organic substance may bo decomposed and the products volatilised dnnng 
the evaporation to dryness 

6. On ignition, certain produete of the organic substance may remain in a fixed state 
of combination in the residue. 

The errors arising from one or other of these causes may exceed the whole amount 
of organic substance m the water, and even if that amount could be estimated witli 
any degree of certainty, the result would not admit of any positive inference as to the 
character of the water, since the organic substanco might be of an entirely harmloss 
nature. (Miller, Ohem Soc. J. xviii. 117.— Franklaud, Proc Hoy. Inst. Great 
Britain — ^Wanklyu, Chapman and Smith, Laboratory, i. 98, 114, and Cheni. 
Soe J. [2] V 446, 691 ) 

To meet these defects, theusa of potassic permanganate, so as to estimate the quan- 
tity of oxygon absorbed by the organic substance in water, has been adopted by somo 
chemists, with the object of arriving at a more direct determination of the character 
of water as regards this portion of its dissolved contents. As a means of estimating 
the amount of orginic substance, it is however totally untrustworthy, as wiU. be seen 
fi'Om results obtained bv Professor Praukland, contained in the table on p 1024 

These results show that from the great differences which obtain in the behaviour of 
organic substances with permanganate, it evidently cannot be robed upon for establish- 
ing the absence of organic substance. Even its positive indications are not alone con- 
clusive against the character of water, since the reduction may be caused by an organic 
substance which is quite innocuous Notwithstandmg these facts, howoier, the por- 
mangan.ato tost may afford serviceable indications as to the actual condibon of water, 
especially when the results obtained with it are considered in connection with certain 
other features of the w.iter in question, for it may reasonably bo assumed that, if 
the presence of putrescent organic substance m water renders it unwholesome, a sub- 
stance in such a state of chemical tension would be more susceptible of oxidation by 
permanganate than most of the siibstancos to which Professor Fiaiikland’s experiment? 
relate. This special applicability of tlio porraiinganato test tor indieatiiig the presouce 
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of orgamo substanee in the state moat likely to he prqudicml, is not even limited by 
the fact that the presence of nitintes in water would determine the reduction in the 
same way as organic substaaico for water contaming nitrites is very likely to be objec- 
tionable (see under), and moreover allowance can always be made for the reduction due 
to nitrites ; so that whenever water causes a consideiable reduction of permanganate, 
there is at least sufficient ground for suspecting it to be unwholesome Hence Profes- 
sor Millei and others consider that the permanganate test may render good service as 
an accessory test, in assisting the judgment as to tho salubrity of water, though it is 
fallacious as a substitute for tho method of momeration for estimating the amount of 
orgamo substance in water. (Miller, Jonrn. Chem See. xviii. 117. — E A. Smith, 
Estimation of tho Organic Matter m Water mth reference eepeeially to Sanitary Pur- 
poses, London, 1866 ) 

Tho idea that the deleterious influence of organic suhstimoe on the oharaoter of water 
is conflned to that portion of it which is nitrogenous and thorsfors liable to putrefac- 
tion, naturally led to tlie attempt to determine tho character of water by estimating 
the amount of nitrogen in the organic substance present, on the princMe of its dele- 
terious influence being proportionate to the amount of nitrogen. (Hofmann and 
Ely th, Report on the Chemical Quality of the Supply of Water to the Metropolis, 1866, 

p. 6.) 

A method of examining water has recently been devised by Professor Prank- 
land upon this basis. The estimation, made m the manner described under the head 
of Wateb, Anaitsis of, consiats of 

1. The amount of orgamo carbon in the dissolved contents. 

2. The total amount of combined nitrogen. 

3. The amount of nitrogen existing as ammonia, nitrites, and nitrates. 

The difference between tho last two data gives the amount of nitrogen existing in 
the organic substance of the water, and that is taken to he the measure of the quality 
of the water, eo far as organic snbatanco is concerned. One of the objections to this 
method appears to he tho absence of any distinction either between nitrogenous 
organic substnneos which are deletenous, or may become so by putrefaction, and others 
of a perfectly harmless nature, or between a putrescent substance and one which is 
only capable of becoming so 

The liability of putrescent organic eubetance in water to be doeomposed, and evolve 
in nitrogen as ammonia during evaporation to dryness, has been adopted by Piofessor 
Wanklyn, m conjunction with Chapman and Smith, as a means of ascertaining tho 
character of water, and of estimatmg the amount of deleterious organic substance 
it eontaine The decomposition of the organic suhslance is promoted by adding caustic 
alkali and potassic permanganate to the water, and the quantity of ammonia given off 
on distillation is then taken as a measure of the deleterious organic substance in the 
water. (Chem. Sec. J. [2] v. 446, 691.) 

The water of rivers and wells sometimes contains ammoniacal salts, nitrites, and 
nitrates. Whether these substances are in themselves injurious or not, their presence 

III water may frequently be regarded as indicative either of sewage contamination, or of 
some similar objectionable admixture with the water, since they are the products of the 
decomposition of nitrogenous organic materials (see Hebmaoausis, ii. 497 , Nitbatbs, 

IV 83, 90, 99) If that decomposition is incomplete, they may bo accompanied by 
organic substance in the most objectionable state The presence of those substances in 
water IB, therefore, always calculated to throw suspicion on its quality. Many of the 
shallow uells situated in towns, and lory often near a churchyaid, yield water 
of this kind which, singularly enough, presents ' chariietcrs both attractive and agree- 
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able. Being, cleac, sparkling, and cool, with that fresh taste which a small proportion 
of nitre communicates, such water often holds a high place in popular estmiation, 
which 18 strengthened by the traditional repute of the wells for yielding good water, 
acquired probably at a time when they were surrounded by open fields, and not fed 
wth the drainage of densely-populated streets. (See Simon, Seports on tJw Sumtart/ 
Condition oftlie City of London, 1849-60, p 64; 1862-63, j). 42. — ^Letheby, Report 
on (lie Qiialiiy of the Water feomtliePumps and Surface WeUe of the Otty qf London, 1866. 
— E A.Smith,Zoo oit p,22. — Waiiklj n. Chapman, andSmith, laboratory,! 252.) 

Sometimes, however, water which is quite beyond any suspicion of sewagc-contami- 
nation or impurity, contains nitrates— as, for instance, the water obtained from artesian 
wells in the chalk strata The origin of die nitric acid in this ease is not ilscertamed, 
but it has been referred to an oxidation of organic substance, ammonia, or nitrogen 
effected by the oxygen dissolved in the water, and taking place during the passage of 
the water through the water-bearing strata (Nitoates, iv. 83.) 

Professor Prankland has adopted the estnnation of the amount of nitrogen 
present in these states of combination, as the measure of the premous sewaae- 
contaminaiian of the water— that is to say, of the sewage which has been mixed with 
the water, and has undergone complete decomposition mto its final inorganic products. 
To the result thus obtained he apphea a eorreodon, to compensate for that portion 
of the nitrogen which might have existed as ammonia and ammomo nitrite or 
nitrate in xam-water, taking for this purpose the mean value, deduced from the 
observations of Lawes, Gilbert, and Way, of '240 pts nitrogen existing as nitrous 
and nitric acids in 1,000,000 pts. of rain-water, and '080, the maximum quantity of 
nitrogen existing as ammonia in 1,000,000 pts of river-water taken near the sources 
of streams. Trus correction of ’240 + -080 = '320, which — upon the assumption 
that average filtered London sewage contains, in 1,000,000 pts , 100 pts. of combined 
nitrogen — corresponds to 3,200 pts sewogo in 1,000,000 pts of water, is probably 
somewhat too high, and in favour of the quality of the water, since ammonia is 
almost entirely abstraoted from rain-water in percolating through cultivated soil. 
The water supplied to London from the Thames, during January and February 
1868, was found to contain, on the average, ’OOSOOd gi-m. per litre of nitrogen in 
the state of ammonia, nitrites, and nitrates, or 3-395 pts. m 1,000,000 pts. of water, so 
that, according to this view, the amount of previous sewnge-contamination would be : — 
30,760 : 3-396--320 = 1,000,000 100. 

The result thus obtained by analysis presents a very remarkable correspondence with 
the o.ilculated result obtained in a different manner Thus the average flow of the 
Thames, just above the point at which the London water-supply is taken, being esti- 
mated at 800,000,000 gallons daily, and the drainage of a population of about 
600,000 being discharged into the Thames above that point, at the rate of about 30 
gallons per head daily, the sewago-contammation of the water, according to these 
data, would amount to about 22,600 pts in 1,000,000 pts. of water. 

If any of the nitrogenous organic substance, originating from this sewage, had not 
undergone complete oxidation, its presence in the water would be indicated by the 
amount of nitrogen in tlie organic substance contained in the water. If the nitrogenous 
organic substance in water could bo regarded as originating solely from sewage, and 
the nitrogen could be accurately estimated, it would be possible to determine the pre- 
sent sewage-contaminatioa of river-water Thus, tlie amount of organic nitrogen given 
by Professor Franldand, as existing in the water supplied to London from the Thames 
during the months of January and Pebniary 1868, is, on the average, -00046 grms. 
prr litre, svhieh would be equivalent to 4,600 pts of actual sewage in 1,000,000 pts 
of water, or nearly 6percont (WeeTclylletwmsoftheBogistrar-GenBral,^\:x..S5, 69) 
But as this quantity is little above the average apparent error of experiment (p. 1 031), 
such a result maybe disregarded. The methods by which those estimations are made, 
are described under the head of 'WAomi Anaxysis (p 1026). 

The amount of chlorine in fresh water, existing chiefly in the form of sodic chloride, will 
often serve, in some degree, to indicate whether it has been contaminated with sewage 
or other forms of aminal refuse, and also, in the case of water containing organic sub- 
stance, whether that is of vegetal or animal origin. It must be remembered, how- 
ever, that any inference from the presence of chlorine in water must (as in the case of 
iiitroteB)he hmitod by the circumstance that it is a normal constituent of the contents 
of most natural water, and that, m certain localities, it exists in larger amount in water 
than in others. As a rule, water containing as much as -01 grm of chlorine per litre 
may be suspected of being contaminated with drainage. (Seo E A Smith, On the 
Kramination of Water for Orgamo Matter, Proc Philos Soc. Manch ) 

The wholesomeness of water appears to he intimately connected with its state of 
aeration In pei feebly aerated water, the ratio of oxygen to uilrogen is as 1 : 2 by 

Vox, V. 3 U 
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Volume (np 1014, 1017) ; and as this ratio is hahle to he altered by the decomposition 
of organic substance in the water (p. 1018), the estimation of the gaseous contents of 
water will often serve, in conjunction with the permanganate test, to indicate the actual 
character of the water, as regards organic substance. Whenever the oxygon amounts 
to loss than one-third of the nitrogen, and the water also causes a considerable reduc- 
tion of permanganate, the presence of decomposing organic substance is probable. 
(Miller, loc. cit p. 124.) 

But water whidi is in a normal state of aeration, and does not cause any great re- 
duction of permanganate, may stiU contain organic substance, either dissolved or 
suspended, whicli is siisceptihle of putrefaction, and therefore capable of rendenng tho 
water unwholesome (Hofmann and Blyth, loc. cit. p. 6). Such water, under the in- 
iluenca of warmth and light, often becomes putnd, and evolves stinking gases, or 
presents a copious development of confervm and other minute organisms. The capa- 
bility of water to remain for some days at a temperature of about 22° C., without 
uudorgouig such change, is therefore another important point to be observed in reference 
to the question of wholcsomeness. (Angus Smith, he. eit. p. 1.) 

Bivoi-water is frequently so turhid, from tho presence of suspended organic sub- 
stance, as to bo unfit for use ndthoiit undergoing flltiation. This is generally effected 
on tile large scale — sand, gravel, and similar materials being used for the purpose. By 
this means the amount of organic euhstanceis to some extent reduced, and even the 
saline contents appear to he partially abstracted. 

Tho most effectual method of purifying water appears to he that proposed by Dr. 
Clark, of adding lime-water m such proportion os to combine with the free carbonic 
anhydride, and thus precipitate great part of the calcic carbonate. By this means the 
water is rendered soft, and a considerable portion of the organic substance is removed, 
Uiifoitunately, the removal of tho carbonic anhydride renders the water flat and unpa- 
latable, and the vast mass of calcic carbonate produced constitutes a serious difficulty 
Tlie addition of alum or aluminic chloride in small amount to the water has also boon 
proposed for separating calcic carbonate and suspended orgamo substance by means of 
the basic aluminium salt produced, and then adding aodio carbonate to ensure the separa- 
tion of all the alumina. The addition of sodio silicate to water intended for the use of 
factories has been proposed by Buff and Tersmann, so as to precipitate the calcium and 
magnesium as silicates, and render the water soft 

Sea-water is rendered fit for drinking on board vessels by distillation, and afterwards 
forcing air into the condensed water. (See Vre’s Stotimiary of Arti, Manvfactxires, and 
Mim, m 986.) B. H P. 

’WA.'TEB AWAIiYSIS. The examination of natural water is most frequently 
required for the purpose of ascertaining its fitness for economic and technical use, some- 
times also for ascertaining tho character of mineral water employed for medicinal 
purposes, &0. The mode of operating is much the samom hotli cases, so far as relates 
to the eatiiniition of the various constituents of tho dissolved contents , but, in refer- 
euoe to water intended for ordinary use, several special methods of examination are 
adopted for estimating the degree of hardness, amount and nature of the organic sub- 
stiinco, &o„ which are not employed in tho analysis of mineral water 

The specific gravity of water is best aseertoincd by filling a flask of known capacity 
(100 to 300 O.O.), and furnished with a long tubular stopper, with tho water at a tem- 
peratui'o of 16 6° 0 , and weighing. The specific gravity of fresh water generally 
differa so little from that of pure water that its determination is not a matter of much 

The colour of water should he observed by fiUmg a flat-bottomed glass tube with the 
water, and looking down through it at a white object, beside a similar tube filled with 
pure water. The presence of suspended substance and minute vegetal or animal orga- 
nisms is also to be noted, as well as the smell or taste, both cold and when slightly 
warmed. 

Water is often either alkaline or acid, and to ascertain this it should be tested witli 
very debcate btmus-paper, obaervmg whether any change of colour produced on it, 
disappears or not when the paper is afterwards exposed to the air In such cases the 
reaction may be duo to the presence of carbonic anhydride or of ammonia. Water 
intended for analysis should always he put at once into stoppered glass bottles when 
collected, and these should be quite fiU^, and distinctly labelled. 

Estimation of Total dissolved Solid Oontents. — ^This is effected by evaporating a known 
volume of the water — &om half a litre to 1 or 2 litres— nearly to dryness in a pla- 
tinum-basin, which need not holoigo enough to contain the whole quantity at oneo, but 
can be filled up from time to time. For tins purpose the water should be perfectly 
clear , but sometimes the separation of suspended substance cannot well be effected 
otherwise than by leavm^ the water for a long time to settle, and then it is best to 
evaporate the water as it is. Caro must ho taken to avoid any aocoss of dust or fumes. 
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and to gufflrd against any loss by spirting Water containing a large ammmt o£ 
gasOous contents must be rory carefully boated at first, for this reason. Whou tho 
water has been reduced to a veiy small quantity, and. the dissolred contents begin to- 
separate, tho evaporation is completed in a steam-bath, and the residue thoroughly 
dried at 100° 0 , uutil the weight remains constant. 

With mineral-water containing magnesic chlonde, bromide, or iodide, which are- 
liable to be partially decomposed during tho evaporation, it is advisahta to add aknowu 
quantity of pure sodio oiirbonato, just sufficient to render tho water olkaUne, and to- 
deduct the weight from that of tho dryr residue But -with fresh water this loss is of 
comparatively httlo importanoe, and it is preferable not to nse sodio carbonate, which 
might cause decompasltion of the organic substanoe. (See p. 1023.) 

Tliis result is useful as a eoutrol of those obtained in estimating tho several oon- 
stitueuts of the solid contents No very close correspondeuae can ha 'expected, 
however, especiidly when the residue is dried only at 100° 0., sinco it may thou con- 
tain hydrated salts , but this is probably the best temperature to emplo-y generally, and 
at any rate in the first instance. 

Estimation of fixed Mineral CmitenU. — ^Bor this purpose tho residue obtained by eva- 

C ting the water to dryness, is igniteduntil all the carbon of the organic substance is 
t off, and the weight noted. As earthy carbonates might be partially decomposed 
by this treatment, tho residue is then to be covered with a saturated solution of car- 
bonic acid, again dned, and heated to about 600° 0., this operation being repeated until 
the weight remains constant. This result, like the previous one, is chiefly -useful as a 
control of the other results of analysis. 

Estmation of Suspended Substanoe. — ^It is often very difficult to render turbid water 
clear by filtration, and in such oases it is best to evaporate tho water at once with tho 
suspended substance, and to fill a largo stoppered bottle of known capacity -with tho 
water, leaving it until the suspended substance has subsided , then to draw off the 
clear water, collect the sediment on a filter, dried and weighed at 100° 0., dry it at tho 
same temperature, and weigh, afterwards burning the filter and its contente, and 
weighing the residue. The weight of the suspended substance dried at 100° is then 
to be deducted from that of the residue loft on evaporation of the water (p. 1026), 
and after its ignition the weight is to be deducted from that of the ignited residue of 
evaporatioh. 

Esimaiton of Hardness. — Olark’s method is based upon tho fact that when pure 
water is mixed -with a very small quantity of aloohoho solution of soap, and shaken for 
a few minutes, a froth is produced, which is persistent for some minutes, while, on the 
contrary, when the water contains caleio or magnosio salts in solution, no such froth is 
produced until a sufficient quantity of Boap-eolutioii has been added to decompose these 
salts The quantity of soap-solution requisite to produce the froth in water containing 
such salts IS, moreover, to such an extent proportionate to the amount of those salts 
lu the water, that with a soap-solution of known volumotric value, the degree of hard- 
ness is indicated by the quantity reqmsite to produce tho froth in a given quantity of 

Tho haidnees of water is expressed in degrees, each of which represents ‘Ol grm. 
of calcic carbonate, or its eqnivalent of any other calcic or magnesian salt in tho litre 

The Boap-solntiou is made by dissolving white curd-soap m alcohol (specifle gravity 
= •92), and its strength is ai^'usted so that 100 e.o. sulfioe to produce the froth with 
100 o.e, of a solution having 20° of hardness. This solution ispropaiod by dissolving 
•20 grin, of pure calcic carbonate in hydrochlorie acid, evaporating the solution to dry- 
ness, so as to remove all excess of acid, then dissolving it in ^-ure water, and making 
up the volume to exactly 1 btre. This standard caleium-solution, of 20° of hardness, 
IS preserved in a well-stoppered bottle. A series of other calcium-standards, varying 
from one degree upwards, may he made by diluting that solution, in due proportions, 
with pure -water. 

The water to bo examined is measured -with a pipette, guaged to deliver 100 o o into 
a stoppered bottle of about double that capacity, and the soap-solution is added to it 
from a graduated burette in small successive portions, the water being woU shaken in 
the bottle after each addition. This is continued until a persistent froth appears on 
the surface of the water. A second experiment is then made comparatively, with the 
water and the standard solution to which it approximates most closely in hardness. 

■When the liftrduesa of water exceeds 20°, the indications of tho soap-test do not 
correspond with the amoimt of calcic and magnesic salts m the water, and in that ease 
it should be diluted with such a volume of pure water, that its hardness is reduced to 
within 20°, and 100 e c. of the mixture tested Tho degree of hardness found for 
the mixtiu’6 is multiplied by 2, 3, or 4, according to the extent to which the -water has 
been diluted. 
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"Wlieu the water contains any considerable amount of magiiesic salts, thb indications 
of the soap-test do not represent the full degree of hardness. It is therefore always 
neopasary, after applying the soap-test, to ascertain whether magnesio salts are present, 
or their presence may be recognised by the curdy appearance of the water after the 
experiment. (Campbell, Phil. Mag xxxvn. 171.) 

After estimating the total hardness of water as ahoTo, a known quantity of the 
water should be hoiled for an honr in a glass flask: with a tube three or four feet long, 
resting on its neok by a bulb blown at tbe lower end, to aerre for condensing the wnter- 
vapoiii. 'Wlieii tbe water is cold, some pure water is added, to make np exactly for the 
loss by eraporation. and the hardness is agnm estimated by the soap-tost. It is gene- 
rally found to be reduced, after the water has been boiled, in consequence of the precipi- 
tation of calcic and magnesio carbonates, originally held in solution by carbonic 
anhydride. 

JSatmmimt of the Carhonatei preci^tated hy Hading. — ^Por this purpose the precipitate 
formed in the last experiment may De collected on a weighed filter, washed, dried at 
1 00°, and weighed . any portion of the precipitate adhering to the flask may be weighed 
by drying the flask, weighing it, and deducting the weight of the flask. The whole of 
the precipitate is then dissolved by hydrochlorie acid, and tbe calcium and the magne- 
sium separated and estimated (in. 763 , i. 717) Tliis precipitate may contain iron, 
manganese, pbosphono acid, sihea, and sulphuric acid, which should be tested for and, 
if requisite, estimated. Sometimes, as in the analysis of fresh water, it is desirable 
to evaporate the water to one-half or one-fourth, before collecting the precipitate 

Sstimatiofi of the Gaseous Contente.—'Sot this purpose a globular glass flask A 
{fig. 822) of about half a htre or a litre capacity, andhaving astroug piece of vulcanised 
caoutchouc tube B tightly 
Fig. 822. fitted to its nook, is quite 

filled with the water to 
be examined, aud then 
closed by means of a brass 
screw -clamp 0, which 
presses the sides of the 
tube close together. The 
other end of the oaont- 
ohouo tube is then tightly 
connected with the bent 
glass tube DEI',having a 
bulb at B This bulb is 
partly filled with water 
which is made to boil 
briskly, while the damp 
0 IS still dosed, and the 
delivery end of tbe tube 
D dips into mercury, so 
as to drive the air out of 
the tube. After the boil- 
ing has been continued 
forlO or 16 minutes, until 
no more air escapes at D, 
the jar M is filled with 
mercury, and placed over 
the delivery end of the 
tube. The damp C is 
then removed, and heat 
applied to the flask A, 
until the waterboils The 
boiling must be steadily 
kept up for fully an hour, 
and at last the water is made to boil briakly for a few minutes, so as to fill the 
delivery-tube with steam, and drive all the gas discharged ft'om the water out of the 
tube into the jar M. The gas is then measured and analysed in the usual way. 
(Axautsis of Gases, i. 268 ) 

Estimation of Orgamo Substance — ^Bor the reasons already stated (at p. 1023), the 
loss of weight, caused by igniting the residue left on evaporating water to dryness, 
affords no adequate indication of the amount of organic substance , but it is often use- 
ful to observe the effect of heat upon thifl residno when Igniting it (p. 1027), as a means 
nf judging as to the amount aud nature of the organic substance present, and also as to 
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Uie pi-Bson^e of nitratea Sevaral methods have been pioposcd for th'e purpose of ex- 
iimming water for oiganio substance, but the one which has been most used is based 
upon the ohametensticully-matkcd oxidising action of potassie permanganate, Oxalio 
acid, disBolred in water, acidulated with sulphuric acid, is readily and completely 
oxichsed by permanganate, yielding earbonio anhydride and water, as follows 


Mn*E’0“) f2SMnO'> 

3 SEW pd 

) SO 


SH’-O. 

(80) 


6H»0 


6 CPH’O* (460)$ “ 10 00". 


In like raannor, when a few drpps of a weak eolution of permanganate are added to 
water containing organic substance and acidulated with sulphnne or hydroeliloric acid, 
the permanganate yields oxygen to the organic substance, and the violet colour disap- 
pears. By testing the water with a permanganate-Bolutiou of known strength, it is 
therefore possible to ascertain how much oxygen the organic substance it contains may 
bo capable of abstracting from permanganate. 

The permanganate-solution for testing water should ha of sudi strougth that 1 o.o. 
will bo capable of yielding exactly 0001 grm. of oxygen ( = 0008966 c^stalhsed pei'- 
manganato) Its strength should be uc()usted, immediately before using it, by means of 
a freshly-prepared solution of crystallised oxalic acid contaiumg 7876 grm par litre. 
100 0. c of tlus solution, warmed with some dilute hydrochloric or sulphuric acid, should 
decolorise exactly 100 co. of the permanganate'-solution 

In applying the test, a litre of the water le nuxed with acid in a glass flaslc, and the 
permanganate added from a graduated burette, in small successive portions, until the 
water retains a very faint violet tinge, the rate of decoloration being noted mean- 
while. It IS thou left for some minutes, and if the colour disappears, a further quan- 
tity is added, the observation being continued in this way for two or three hours or 
more 'Wlien the colour remains imaltered for half an hour, the volume of permanga- 
nate-solution, road off in cubic centimetres, with a small deduction for tts portion 
which, has remained unaltered, gives the quantity of oxygen absorbed, in tenths of a 
milligramme per litre of water. By operating in this way, some judgment may be 
formed us to the state of the organic substance, or some portion of it, from the rate of 
decoloration (E. A Bra\th, Estimatimi of (h game Substance tn Water, f 7.) 

The decoloration iiroduced during the first five or ten minutes, may bo taken to 
represent putrescent or readily oxidisable organic substance, regard being had to the 
possible presence of nitrites , and a portion of the organic substance is generally found 
to require a much longer time for oxidation — often as much as 24 hours. 

The test may also be applied by adding at once a measured excese of the permanga- 
nate-solution to the water, and leaving it for three hours, then adding a small 
quantity of potassio iodide-solution with some starch-paste, and oatimating the quantity 
of iodine liberated by the excess of permanganate, with a standard solution of disodio 


hyposulphite containing 1 ^rm. of the salt per htre The quantity of this solution 
required to destroy the blue tint must ha road off the instant that colour disappears, as it 
returns after some time. The difference m cubic centimetres between the permanganate- 
solution added, and the hyposulphite-solution used, givea tha volume of permanganate 
decolorised by the organic substance of the water. (Miller, Chem. Soo J. xviii. 117.) 

E the water under examination should contain nitrites, theji would decolorise 
permanganate m the same way ns organic substance, but their action is so very much 
more rapid tliou that of orgauio substance, that the decoloration due to them may be 
estimated approximatively by this difference, or still bettor as directed at p. 1033. For 


each '001 grm. per litre of nitrous acid (NO"), '000348 oxygen, or 84'78 cc. of 
permanganate-solution, is requisite. 

The principal defect of the permanganate test is, that it affords no certain means of 
distingnishmg between harmlese organic substance and that winch may be deleterious, 


except in so far as putrescent substances would probably be oxidised by the permanga- 
nate most readily and moat rapidly. Nor does it afford any means of distingnishing 
nitrogenous organic substance, which is considered to he the most prejudicid to the 
character of water for domestic use. 


"With the view of superseding the permanganate test, it has been suggested, by 
Frankland and Armstrong (Chem. Soc J. xxi. 77, ef s«o.), that tho carbon and 


nitrogen of the organic subBtance may bo estimated by operating upon the water residue, 
much m the same way as the analysis of organic substances is made (i 226 et eeq ). 
For this piupose, I litre of tlie fresh water is mixed with 30 co of a hesh 


saturated solution of sulphurous acid, and boiled for two or three minutes. By this 
treatment, the carbonates are completely decomposed, and the carbonic acid expelled. 
Unless the water contains a considerable amount of carbonates, 2 grms. of sodio 
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a small quantity of c.u'bonie oxide might bo formed. The operation usually lasts 
nearly an Hour, and at its conclusion no gas mil have passed into the tube d, imless 
the water residue eontnined much organic auhstanoe The pump is then set to work 
again for five or ten minutes, to transfer the gas into the tube d This gas, consist- 
ing of carbonic anhydride, nitric oxide, and nitrogen, is analysed in the usual way 
(Amautsis OF Gases, i. 268). Bythismetliod, OOOOOOSgrm. carbon, and -OOflOOl gnn. 
uilrogen, are stated to be distinctly measurable quantities. 

The quantities of gases thus obtained represent the carhon and nitrogen of the 
organic substance contained in a litre of Iho water, and any nitrogen present m the 
water as ammonia As the amount of ammonia is estimated separately, the quantity 
of nitrogen corresponding to it con bo deducted from the total quantity. 

The aeouraey of the results obtained by this method avidontly dapend-s, in a great 
measure, upon the perfect removal of air from the tube by the Sprengel pump , and 
to ascertain the extent to which this can be done, two combustions wore made with 
•01 grm. sugar, 'and the quantity of nitrogen found was -019 c.e., and ‘013 c.e. at 0° G. 
and 760 mm pressure, corresponding to •00002'1 and •000016 grm. of nitrogen, or 
•024 and 016 parts in 1,000,000 parts of water 

The eorrection to bo made for tbo error thus arising from imperfect exha'ostion, is 
comprised in another correction for errors of mampnlation and apparatus, the amount 
of which is to be ascertained by making several blank experiments, in which a litre of 
pure water mixed with 15 e. o. of sulphurous acid solution, and about 1 grm of recently 
igmted Bodio ehlorido, is evaporated to dryness, and a combustion made with the 
residue, as above described. The menu quantities of carbon and nitrogen found in 
these ovparinients, are to bo deducted fiom those obtained in the combustion of water 
residues. In order to lediice these errors to a minimum, it is of the utmost importance 
to ensure the purity of the cuprie oxido and plumbic chromate, &o, used in the opera- 
tion, and to guard against any access of dust or organic substance to thorn, or to the 
water, during any stage of the oporotion 

To allow the extant to which this method may be depended upon for estimating the 
minute quantities of carbon and nitrogen in the organic substances likely to be 
present in a litre of water, several experiments wore made with pure water, mixed 
with carbonates and known (juimtities of sugar or urea, varying from 01 to 086 grm 
per hire. The lesults obtained for carbon differed from the calculated quantities to 
tlio extent of from 1 28 to 16 per cent , the average apparent error being •00043 grm 
on the carhon , the largest difference representing 1 22, .ind the smallest •OO parts of 
carbon in 1,000,000 parts of water, or 2'022‘and •S parts of the organic auhstanoe. 
Tlio results obtained for nitrogen differed from the ealeiilated quantities to the extent 
of ftom •Ol to 6 83 per cent., and in one instance 26^1 per cent, the average apparent 
error being •00036 grm. on the nitrogen; the largest difference ropreaentingl '/I and 
56, and the smallest •OS parts of nitrogen in 1,000,000 parts of water, or 2^69, 1 17, 
and 13 parts of the organic substance. The quantities of nitrogen operated upon m 
these experiments wore much larger than those found in water of moderate quality. 
With mixtoea of pure water, calcic carbonate, and sewage, in three different propor- 
tions, the following results were obtained. 
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The method proposed by Wanklyn in coiynnction with Chapman and Smith 
(Chem Soc J xx. 445, 691), relates especially to the nitrogenous organic substance in 
water. It does not, any more than the combustion or the permanganate method, afford 
the means of estimating tho actual amount of this suhstanco ; hut it has the advantage 
of being directly applicable to tho water itself, and of furnishing xesulte in n very 
short time without much trouble, so that, in regard to nitrogenous organic substiince, 
it corresponds to the soap-test as regards hardness. This method of testing the 
quality of water is based upon tho fact that albumin and the nitrogenous substances 
sometimes present in water, yield a considerable portion of their nitrogen m the form 
of ammonia when heated with a strongly alkaline solution of potassic permanganate. 
For this purpose, it is necessary in tho first place to separate the ammonia existing as 
such in the water, and to decompose any urea that may bo present, Tho operation is 
conducted as follows • — 
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I. A litre of die -water is mixed -with about 2 grma. sodio carbonate in p retort, end 
rapidly distilled, until the distillate, eoUeeted in separata fractions of 100 c, c., no 
longer mves any indication of ammonia -with Kessler’s test. With ordinarily good 
water, this generally happens when about 300 c. e. has passed over, and then the 
distillation is stopped. The quantity of ammonia in the first 100 c.o. maybe esti- 
mated os ammonia aetiisJly present in the water, and that in the remainder of the 
distillate as representing urea, or the whole may be estimated together (see under). 
The decomposition of urea by boibng -with sodic carbonate appears to depend very 
much on the prosenee of such impiirities as generally accompany it in unne or sewage; 
pure urea is very slowly and imperfectly decomposed (loc. mi. p. 694). 

n. The portion of tile water romaining m the retort is then mixed -with 20 e.c. of 
caustic potash solution— equal parts potash and water— and again distilled When 
300 e 0 baa passed over, the distillation is stopped, and the ammonia in the distillate 
estimated by the Nessler test. 

TTT . About -3 grms. of crystallised potassio permanganate is then added to the 
contents of the retort, and, if requisite, 100 or 200 c.e. of pure water, the distillation 
recommenced, and continu^ until 300 c c. has come over. The ammonia in this dis- 
tillate 18 estimated as before, and taken, together -with that in the second diatiDate, as 
representing about two-tbirde of the nitrogen in the albuminoid substance present in 
the htre of water. 

Experiments made -with solutions containing from 7 to 42 pts. frssh white of egg, 
or from 1 to 6 pts. of dry white of egg in 1,000,000 pts. of pure water, gave, by this 
treatment, quantities of ammonia which coiTCspouded -with the quantities of white of 
egg to -within 6 per cent, the average absolute error being '000004 grm, on the 
calculated quantity of ammonia obtainable. 

EaUmaium, of AmJiumw — A litre of the water is mixed -with 2 gims sodio carbonate, 
and distilled until 100 or 200 c.c. has passed over, and the ammonia estimated in the 
distillate by Nessler’a method 

The test-liqmd for this purpose is prepared by mimng a concentrated solution of 
moronrio chloride with a solution of potassio iodide in 4 parts of water, until the 
mereuno iodide formed ceases to be dissolved on stirring the mixture , then adding 
potash-soiution — equal parts potash and water — ^until the potash amounts to six 
times as much os the mercuric chioride, and ddutmg -with water until the liquid con- 
tains about 2.6 grammes per litre of mereuno chloride. After a day or two, the liquid 
becomes clear and colourless, and it is then decanted off for use. 

dbout 3 0 c. of this test-liquid is added to one-half of the distillate from the water, 
in a tall narrow glass jar, and if it contains no ammonia no alteration of colour is 
produced; but if ammonia is present, to the extent of more than '002 per litre, the 
water acquires a yeilowish tinge, which is deeper in proportion to the quantity of am- 
monia, and when this is large a precipitate is produced. 

The quantity of ammonia in the distillate may be estimated, approximately, by the 
depth of colour, and afterwards more accnratoly by comparing the depth of colour 
produced in the other half of the distiUute with that produced in an eqml volume of a 
solution containing a known quantity of ammonia, as nearly as can be judged equal to 
that in the distillate, on adding to each guantttiee of the test-solution and 
repeating this comparative observation with different quantities of ammonia, until the 
tint of the standard solution coincides with that of the distillate. For this purpose a 
etandard solution of ammome chloride, containing '317 grm. (= 1 grm NH®) per 
litre, is prepared, and kept for making the solutions for comparison, by mixing a 
measured quantity with pure water to the volume of 100 o o 

By this means very small q-nantities of ammonia may he estimated to -within about 
6 per cent, of the actual quantity "When the amount of ammonia in the water 
exceeds '001 grm per litre, the disdUate must ho diluted -with water free from am- 
monia before applying the test , or the ammonia may he estimated with a standard 
solution of sulphuric acid (i. 190, 261). 

Estvmalion of Nitrates and Ndntes. — The presence of nitrates or nitrites in water 
may be uidicated by the deflagration of the residue left on evaporation, when it is 
Ignited ; or one of the tests for nitric or nitrous acids (described in iv 83, 86) 
may he applied to a portion of the -water evaporated to a tenth of its volume, and 
fllteied. The amount of nitrons acid may he approximately estimated by means of 
perm.inganate-aolution, especially if there is no organic substance present, or if it can 
be separated by mixing the water, before evaporating it, -with a few drops of alummie 
ehlonde, and then with sodie carbonate, and filtering Each cubic eeutimetre of the 
permanganate decolonsed by nitrates, represents '0002876 grm KO’. The results 
tiuis obtained will always be somewhat uncertain. 

Professor Frankland estimates the total amount of nitrogen present in the form of 
nitrates and nitrites by a method based on the reduction of the acids by mercury 
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(Crum, Phil Mag. sxx, 426). A litre or half a litre of the -water ia e-raporated to a 
small bulk, m&ed with a very slight excess of argentic sulphate to convert any chlorid es 
into sulphates, and filtered. When the water contains mtrites, they should he con- 
verted into nitrates before the e-yaporation, by means of permanganate-solntiou. 

The filtered liquid is then evaporated in a small beaker, to about 2 or 3 c.c., and 
ti-ansferred to a glass tube open at one end, and fiimished with, a stopcock and funnel- 
sliaped mouth at the other end, as shown in jig. 824. This tube is first 
filled with mercury in the mercury-trough, and after the water-residue has 
been poured in, the beaker is nnsed first with water, and then with rather 
more than 3 c o. snlphimo acid, which is also poured into the tube, care begin 
taken to avoid the admission of any air below the stopcock. Ibia la then 
closed, and the lower end of the tube is dosed, while immersed in tho mercury- 
trough, by the thumb , so that, on removing the tube from the trough, the 
conteuta of the tube may be shaken well together, while an unbroken column 
of mercury, at least an inch long, remains between the acid liquid and the 
thumb. The evolution of nitric oxide soon begins to exert a pressure within 
the tube, which should be resisted, and within five minutes, when the 
reaction would he at on end, the gas is transferred under mercury to a siiit- 
ahle measuring apparatus, and the volume determined m tho usual way 

To ascertain the degree of accuracy of this method, two experiments wore made 
with -02 and -01 grm. of potassie nitrate ; these gave quantities of nitrogen, 
which were •000126 and 000038 grm. m_ excess of the calculated quantities 
It was ascertained that urea, creatine, uric and hippnric acid, gave no trace of 
gas when agitated -with mercury and concentrated sulphuric acid. 

EstjJhiatwn of Sulphurio Acid. — A hire of tho water is evaporated in a 
beaker to one-fourth or loss, then acidulated with hydrochloric acid to dis- 
solve any precipitate, baric chloride solution added in excess, and the pre- 
cipitate colleeled as desenhed at p. 837. 

Estimation of Chlorine. — ^A litre or more of the water is evaporated to about 
200 0 e , acidulated with nitric acid, and the chlorine estimated as argentic 
chloride, as described in i, 903. 

With water contammg large amounts of sulphates or chlorides, it is not 
iieoessarji to operate on so much as a htro, or to evaporate the water. This 
may be judged of by the qualitative examination of the water 

Estimation of Oarhonto Acid. — That portion of the carbonic acid which cor- 
responds to tho neutral carbonates m the water, may be estimated by evapo- 
rating a quantity of the water nearly to dryness, in a small glass flask, and ti-eating the 
residue as desenhed under the heads Aoiiiisditet and Alkaiimbtkt (i 38 and 119). 

The total amount of carbonic acid in mineral-water may also bo estimated by mixing 
a measured quantity of the water with about one-fifth of a perfectly clear solution of 
bane chloride and ammonia in a well-stoppered bottle, and leaving it for some days 
until the precipitate has perfectly subsided The dear liquid ia then decanted off, as 
much as possible -without access of air, the bottle filled with warm water free from 
carhomo acid, closed, and left till the precipitate has subsided , tho clear liquid is then 
decanted, and this operation repeated until the precipitate ia sufficiently washed It 
IS then collected on a filter, dried, ignited, and weighed, care being taken that any por- 
tion causticised during the burning of the filter is reconverted into carbonate The 
amount of carbonic aoid is then estimated, either in the whole or in a portion of this ’ 

precipitate, with dilute nitmc acid, in an apparatus similar to Jig. 6 (t 119), bnthaving 
a bulb blo-wn on the tube a 5 at the -upper end, while the lower end reaches only half- ' 
way into the flask, and is contracted, so that the acid contained in the bulb at b cannot 
flow out into the flask, while the wax or caoutohone plug is in its place After 
weighing the flask, the plug is loosened for an instant to let out some acid, and this is 
repeated from time to time until the carbonate is completely decomposed The flask A 
is then placed in hot water, suction applied very gently to the tube d, while the plug 
IS loosened at the same moment, and air is drawn thiough until tho carbonic acid is 
entirely removed, when the apparatus is again weighed. 

Estimation of Sulphuretted Hydiogen — ^A litre or more of the water, acidulated -with 
acetic aoid, is mixed with some thin starch-paste in a large flask, and a solution of iodine 
in potassio iodide added from a graduated burette, until a persistent blue coloration 
ia produced. The lodme-solution used for this purpose should contain 7938 grm. per 
litre, and then each cubic centimetre represents 0001 grm. sulphur. 

Estimation of Iodine and Bromine. — ^The residua obtamed by evaporating 10 or 20 
litres of the water in a platinum-basin, is rubbed -with alcohol of 90 per cent, until 
all the soluble poition is extracted The solution is then filtered and evaporated to 
dryness. In the residue, iodine is estimated with palUdic chloride as directed m 
111 296, and bromine as directed in i. 078. 
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The portion of tho aaltna rosidna whiehis not diaaolyed by alcohol, may bo naodfoT 
eatimating aihea, alununinm, inaaganeae, banum, strontium, phosphorfo acid, lithium, 
fluorine, &c , by the methods described under these saveral heads. 0»sium and niMium 
are tested for, and estimated, aa described in i, U13, and at p. 130 of this volmne. 

jBoric acid is tested for by eraporating a quantity of tlio water to a small bulk with 
Bodio carbonate in excess, filtering, and nearly saturating the filtrate with hydrochlone 
acid, then evaporatmg almost to dryness, separabng sodio chloride by filtration, and 
testing the filtrate as described in i. 639. 

Esttmatim of Silica. — The residue left after ignition of the solid contents (p 1027), 
is moistened with water, mixed with excess of hydroohlonc acid, and the silica sepa- 
rated a" described at p. 245. Sometimes it is preferable to mix a btrs or more of the 
water with a moderate excess of hydrochlorio acid, and evaporate it to dimness for 
the estimation of silica. 

EahmaMm of AlummiuTo, Iron, Manganese, and Iliosphoria Add. — The filtrate 
from the silica is evaporated to a small bulk in a beaker, then mixed with ammonie 
eljoridu, a slight excess of ammonia free from carbonate, and some ammonie sul- 
phide ; and kept for some hours at a gentle heat in a well covered beaker. The pre- 
cipitate 18 collected on a filter, and washed, out of contact with air, with water con- 
taining some ammonie sulphide. The filtrate is set aside, and the precipitate, which 
may contain alumina, ferrous and manganous sulphides and phosphoric acid, is either 
dried, ignited, and weighed, if tho quantity is very small, or it is dissolved in hy- 
drochloric acid, and the solution is boded with a few chops of nitno acid to oxidise tfie 
sulphides AVUen manganese is present in any considerahle amount, the solution is 
nearly neutralised with sodio carbonate, mixed witli barytio oaibcmate in excess, 
aud loft for some hours in tha cold. The precipitate is collected on a filter and washed, 
dissolved in hj'drochloric acid, tho barium separated with sidphnrio acid, and the 
aluminium and iron separated as directed under Ikon (in. 387). Th| filtrate from 
thsprecipitato produced by bannm-carhonate will contain the manganese i the barium is 
Boparatod by sulpburic acid , manganese precipitated by ainmopia and ammonie sulphide ; 
aud the washed precipitate is dried, ignited, and weighed The filtrate should be tested 
for calcium and magnesium. Wbeu manganese is absent, or there is only a miiiute 
trace, the solution of ferrous sulphide may be at once treated with potash to separate 
iron and aluminium. 

Estimation of Odomm and Magnesitm. — ^Tho filtrate from alumiua and the sul- 
phides IS mixed -with a slight excess of ammonie oxalate, and tho calcium estimated aa 
directed in i. 717. Magnesium is separated from the alkaline salts with inorouno 
oxide as directed in ili 763. 

Eshmaiion of Sodium and Potassium. — The filtrate from the magnesia is evaporated 
to dryness, and the residue weighed, then dissolved in water, and tested for aiilphuno 
acid by addmg to a portion of the liquid a few drops of aleohobo solution of strnntio 
chloride, and some alcohol. If n» precipitate appears, sulphuric acid is not present, 
and potassium is then separated and estimated with platinic chloride (iv. 099). If sul- 
phuric acid is present, add some alcoholic solution of strontie chloride and some alcohol 
to the solution, and let it stand for some time , then collect tho strontie sulphate ou a 
filter, wash with week alcohol, dry, igmte, and weigh. Potassium is theu estimated in 
the filtrote with platinic chloride. By dediieting from the total weight of the alkalme 
salts tlio weights pf the potasaic chloride and of the aodic sulphate corresponding to the 
sulphuric acid obtained as strontie sidphate, the quantity of sodio chloride is asoer- 
t.iined, and the total quantity of sodium may ho ealculated from these data. (See 
Presonius, QiianiitaUve Asidysis \ 

Potassium and sodium may also be estimated by evaporating a separate portion of 
tho water to a small hulk, precipitating aulphurio acid with bane chloride, and mag- 
nesia with baryta-water, flitenng, and then precipitating the excess of calcium aud 
barium by ammonie carbonate, again filtering, and evaporating tho filtrate to dryness. 
The residuo is ignited, and dissolved in water , and when the Cdlonim and magnesium 
ore perfectly separated, the potassium is estimated by means of platinic chloride. 

Statement of the Sestdts of Water Analyses — ^In stating the results obtained in the 
analysis of the contents of fresh or mineral-water, it has boon customary to allocate 
the several acid and basic substances in various forms of combination, and, in a man- 
ner which is very much matter of individual fancy, to assume the existence in tho 
water of certain of the salts which those substances are capable of forming. It may 
sometimes happen, therefore, that the statement of the same analytical results obtained 
by two chemirts in tha analy.sis of any particular water wiU, in this way, present, at 
first sight, an apparent diversity, which would he perplexing to those who do not 
understand tho reason of the difference. The possibility of comparing the results of 
water-analyses is one of the most important requisites for all practical purposes for 
which they are useful. l?or such purposes it is of much less consequonco whether 
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certain portions^ of magnesium, calcium, and sodium present in water be represented as 
calcic and magnesio clilurides and sodic sulphate, or whether they be represonlod iia 
calcic and magnesic sulphates and aodio chlonde, than to be able to perceive at a glance 
whether, m reference to other analyses, the total amounts of the several suhstancos 
present are tlie same or different. As regards the practical utility of such analy- 
ses, it would therefore seem desirable to avoid all bypotliosia in stating their results, 
and to render these statements stnotly comparable one with the other. This may easily 
bo done Thns, for mataneo, in the case of water containing calcic, magnesic, and sodic 
salts which are chlorides, sulphates, and carbonates, the simplest mode of stating the 
analytical results is to give the respective amounts of calcium, magnesium, sodhum, 
chlorine, and, in the case of oxysolts, those portions of them winch are equivalent to 
chlorine— as, for instance, sulphime amd (S0‘) and carhomc acid (CO”). The analyses 
quoted in this article are therefore stated in this manner. 

The amounts of the several constituents of the solid contents are, m the cose of fresh 
sprmg- and river-water, expressed as parts by weight in 1,000,000 pts. by weight of 
water These data, which are m most inatances.sr&ciontiy minute, ore easily conver- 
tible in such form, as to correspond cither with the metric system of weights and mea- 
sures, or with that used in this conntr^. Thus, for instance, in reference to ftosii- 
water — the density of which does not mffer from that of pure water to such an extent 
as to require notice, the litre being 1,000 grms. — these data representmilhgrammes per 
litre of water, or giummea per cubic metre. The gaHoa being 10 pounds, they also 
represent pounds per 100,000 gallons. Thus the total sohd contents of the Witley 
Spring-water (Table I.) amount to -076 grm. per litre, the calcium to '008, the magne- 
sium to -002 per htre, and so on, the fraction in tliis case being disregarded. These 
proportions are the same as 76, 8, and 2 grms. per cubic metre, or 76, 8, and 2 pounds 
per 100,000 gallons. 

The data given in the tables may also ho expressed as grains par gallon by multiply- 
ing with -07. Thus the sohd contents ofthemtley Spring-water amount to 76 x 07 = 
6 32 grama per gallon, the caloium to 8 x *07 = '60, and the magnesium to 2 x -07 = 

• 1 i grams per gallon The numbers representing hardness are, in liho manner, conver- 
tible into degrees of Olarhe’s scale by multiplying with 7. 

The data given m the table for the gaseous contents represent cubic centimetres 
per htre m the case of fresh spring- and river- water at the ordinary temperature of the 
water, and m the ease of mineral-water at 0° 0. and a pressure of 760 mm These 
data are convertible mto cubic inches per gallon, by dividing with 3-738. B. IL P. 

VTAVEXil^lTB. Native phosphate of alumina, containing 3Al»0”.2P”0'.12H-0. 
(Sea PHOSPHiTES, iv. 661.) 

WAX, This term, originally restricted to beeswax, is now extended to a class of 
bodies of similar oharaotor, partly of animal, partly of vegetable origin. Only a 
few of them have been accurately investigated. They are compounds containing but a 
small proportion of oxygen, and consisting of the higher members of the series of fatty 
acids, partiy free, partly in combination with alcohol-radicles , but they differ 

from the fats in not containing glyceryl. They are more or less bard at ordinary tem- 
peratures, softer when warmed, and melt below lOO” ; aro insoluble in water, sparingly 
soluble or msoluble in alcohol, soluble in ether, volatile and fixed oils, carhonie 
disulphide, chloroform, &c. They are not volatile without decomposition, and burn 
with a bright flame when heated m the air. They are not easily saponified by boiling 
with potash-ley, more easily by fusion with sohd potash. 


1. Ammal Wax. 

The only waxes known with certainty to bo of animal origin aro— common beeswax, 
Andaquies wax (i. 291), the produce of a pecuhor kind of bee found near the Oronoco- 
and Amazon nvers , and spermaceti (p 397). Chinese wax, or Pola, is supposed, by 
soma authorities, to be a secretion-product of an insect, like beeswax, but it is more 
generally regarded as a plant- was, exuding from lAgustrmn litcidmm and other trees, 
when punoturad by an insect. 

Beeswax. Ordinary Wax. Cera — ^Tbis is the substance with which bees build 
their colls; it was formerly supposed that the bees extracted it ready-formed from 
plants , but direct experiments have shown that bees fed upon pure sugar contmue to 
produce wax, which must therefore he regarded as a true animal secretion. 

Beeswax, at ordinary temperatures, is tough and solid ; it lias a yellow colour, a 
pecuhar odour, and unctuous feel. When exposed, in thin shreds, to tho air and sun- 
sliuiB, it becomes bleached, and somewhat loss fusible. It may also bn bleached by 
means of nitric acid. Chlorine bkewise bleaches it, but, at tho same time, foi-ms a 
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su'bt.titubon-product, so that when candles made of was thus bleached we burned, they 
wive off irritating vapours of hydrochloric acid. According to A Smith, was may also 
he hleadied by means of potassic bichromate and sulphunc acid 

Bleached wax contains, according to levfy’s analysis, 80 2 per cent carbon, 13 4 
hydrogen, and 6 4 oxygen. It is a mixture of three different substanoes, which may ho 
separated from one another by aleobol, via — 1, Myricin (in 1069), insoluble m 
boiling alcohol, and consisting chiefly of myricic palmitate, — 

2. Gerotic acid, (i. 836, formerly cidled conn, when obtained only in an 

impure state), which is dissolved by boiling alcohol, but erystaUiaos out on cooling 

3. Ceroloin (i 836), which remains dissolved in the cold alcoholic liquid. 

Beeswax is decomposed by dry distillation, giving off, first, a small quantity of 

water containing acetic aeid, and, according to Polex, propionic acid, then a product 
which forma, on cooling, a white buttery mass, called wax-butter, or Bviyrum cerm, 
afterwards amore and more liquid oil, called wax-oil, still retaininga small quantity 
of solid matter ; and finally leaves a carbonaceous mass. No acrolein is given off, but 
permanent gases, chiefly carbonic anhydride and ethylene, are evolved durmg the whole 
process of distillation (Ettling) 

■Wax-hnttcr, purified by pressure from adhering oil, is mainly eornposed of solid 
hydrocarbons, oerotene, and molissene, CmH™, together with palmitic 

acid The liquid oil, when purified by rectification, consists chiefly of hydrocarbons, 
C"H’" , it has a specific gra-nty of 0 760 at 11°, and boils at 137° 

Wax, when distilled with bme, yields nearly the same products as when distilled 
alone. It is but slowlyand incompletely saponified by potash-lej', which unites, in the 
first instanco, with the cerotio acid ; after'prolonged boiling, a kind of soap is formed, 
which floats on water, and, when neutralised with an acid, yields myiiem 
Sttno aaid acts upon wax, even at a gentle heat, converting it into an oily mass, 
which contains pimelic, adipic, and lipio acids, and by prolonged boiling with nitrio 
aoid, yields succiuio acid —Strong sulphuric acid dissolves wax at 60°, the mass solidi- 
f^ng as It cools , at higher temperatures, carbonisation takes place . — (Monm decom- 
poses melted wax, forming chlorinated products. 


2. Vegetable Wax. 

Wax IS very widely diffused in the vegetable kingdom, occurring frequently as a 
coating on various parts of plants — as stalks, leaves, fruits, &o 
Several of the more important plant-waxes have been already described in their 
alphabetical places — viz , earnauba-wax (i 806), cork-wax or oenii (i 837), pine-wax 
or ceropic acid (i. 8361, sugaicane-wax or cerosiu (i 836), myrtle-wax or myrica- 
taUow (in. 1069), ocuba-wax (iv. 173), and palm-wax (iv. 337) 

Chinese wax, or Pela, also called vegetaUe insect-max, or vegetable spermaceti, is 
generally supposed to be produced on certain trees by the puncture of a spoeies of 
Coccus It envelopes the branches os a soft white Coating, about aline m thieknes, and 
is separated by fusion in boiling water It consists almost wholly of cerotyhc ccrotate 
0”H‘*(C”H“)O’, contaminated only witli small quantities of fatty substances Its 
phvsieal properties and most of its reactions have been’ already described (i 837'). 
When it la boiled for some time with 4 or 6 vole, of intiie acid, of specific gravity 
1 40, a liquid distils over, containing butyric, muanthylio, and eaprylie acids, and in 
the retort there remams a liquid containing anchoio orlepargyBc acid (i. 289), together 
n ith small quantities of pimelic and suhorio acids. 

Cowtree-wax, obtained by evaporation from the milk of the cow-tree [Palo de 
Vaea, Brosimum Galactodendroa), is a waxy enbatanoo, which softens at 40°, melts at 
60°, is insoluble in cold alcohol, but dissolves completely in boiling alcohol, and is 
saponified by alkalis According to Berzelius, it resembles beeswax more closely 
than any other kind of wax. Essentially different from this wax are the resinous 
bodies and caoutohoue-hke suhstanee which Marehand obtained from the milk of tlie 
cow-tree. (J. pr. Chem. xxi 43 ) 

Cu ba-wax is a yellowish-brown wax, of unknown origin, imported from Cuba. It 
IS softer than beos-wax, dissolves m warm ether and turpentine-oil, and almost 
wholly in boiling alcohol According to Brandes, it contains 76 6 per cent, cerm, , 
10‘5 myricin, 9-2 balsamic resin, and 3'6 water. 

J apan-wax, also called tree-max, and improperly Amenoan wax, is obtained m the 
East Indies from the root of Rhus mccedanea. It is yellowish-whito, of about the 
consistence of bleached beeswax, but somewhat softer and more friahlo , insoluble in 
water, slightly soluble in absolute alcohol at ordinary temperatures, completely at the 
boiling beat, soluble lu ether and in volatile and fixed oils. Different samples melt at 
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i2^ to 63° or £^°. It is not a true wax, but a glyceride, being resolved by fiision with 
potaasium-bydrato into palmitic acid and glycerin. By dry distillation, it yields pal- 
mitic acid and acrolein, a product never obtained from the true waxes. By prolonged 
boiling with nitric acid, it yields succinic acid. 

Stop-wax, or Propolis, is the waxy substance with which bees cover over the 
cracks m then- combs Boiling aicoliol extracts resin from it, leaving a Biibstancs 
culled propoliu, which melts at 67-68°, emitting an odour of honey (Pollerin, 
■T. Pharm. viii. 433.) 

WitX, FOSSIXi. Syn, with OzocuniTB (iv. 322). 

WAX-BUTTBR. , 

WAX-OIB. I See WA3L(p. 1036). 

'WEBSTIIRITI:. Native trihaaio sulphate of aluminium, 3Al»0’.S0’.9H‘i 0, also 
called aln m 1 n 1 1 6. (See SintPHiEES, p. 679 ) 

'WBHRIiITE, A massive granular mineral, from Syurrasko in Hungary, resem- 
bling lievrite, and eoutiuning 34-6 per cent, silica, 0 12 alumina, 42 38 feme oxide, 
15 78 ferrous oxide, 0 28 manganous oxide, 5 84 hme, and l-OO water, agreeing nearly 
with the formula |q®q | SiO’ (Pe’O’.SiO’). Before the blowpipe it melts on the edges 
only ; acids decompose it with difftculty. (W e hrle, Loonh N. Jahrb. 1834, p. 627 ) 

WEISSICtlTE, This name was given by Jeuzsch to small felspatbie monoelinio 
oi^stals, from the ahnond-stone of Weissig in Saxony, apparently identical with orUio- 
oUse (Jahresb. 1858, p. 803 ; 1864, p. 829, 1865, p. 947). 

'WEISSITE, A hydrated diohroite, resembling fahlunito, from Fahlun m Sweden 
(Trolle-W aohtmeister, Pogg. Ann. xiii. 371 , xiv. 190), and Potton in Upper Ca« 
nada(J. pr. Chem. xiv 36) : 

SlOa Also*. FeO MnO. MgO CaO. K“0. Na^O. H^O. 

Pahlun 69'69 21 70 1'43 0 63 8 99 0 30 4-10 0 68 3 20 = 100'72 

Canada 65'06 22'60 12'60 . . 670 1 40 . . . . 2 26 = 99 60 

'WEED; Seseda Luteola. (^cr’s Weed. Gatido. Wait.)— A biennial plant growing 
wild in many places, especially on chalky soils, and cultivated for use in dyeing. It 
contains a yellow colourmg-matter called Inteolin (lii. 736), and is much used for 
dyeing silk a golden-yellow, and in paper-staining. 

WBITBR’S BITTER. Syn. with Picnio Aom (iv. 400). 

-WERNBRITE. Syn with Soatoutb (p 203). 

WREAT. See OsBEAis (i. 823);— also a paper, by Lawes and Gilbert, O/i 
some Joints in the Composition of Wheat-grain, tie ^oduots in the Mill, and Bread. 
(Ohem. Soc. Qu. J. x. 1.) 

WHEWEEEITE, Monocbmc crystals, observed by Brooke on a specimen of 
oalospar of unknown origin, and consisting, according to Saudall (Phil. Mag xvi. 449), 
of calcic oxalate, (C*Ca0^H»O?) 

'WHISK'S', Spirit obtained by distilling the fermented wort of corn, sugar, or 
molasses, but generally the former. 

'WHITE AKTIKOHrv, Native antunonious oxide, Sb=0“; srm. with Vaxenti- 
NITB (l. 323) 

WHITS ARSENIC. Arsenious oxide, As'0» (i. 373). 

WHITE COPPERAS. Native ferric sulphate, Fe'(S0‘)*.9H»0, also called Co- 
quimhite (p. 696) 

WHITE IRON PTRITES. The tnmotrio form of native disulphide of iron, 
PeS^ also called Mahoasitb (m. 402). 

WHITE EEAE. Amorphous basic carbonate of leeid, used as a pigment (i. 786). 

WHITE-BEAD ORB. Native carbonate of lead, PhCO». 

WHITE PIGMENTS. The white pigment most in use is white lead : it sur- 
passes all others in “ body” or opacity, but has the defect of turning black when ex- 
posed to an atmosphere contoining sulphuretted hydrogen. Sulphate of barium and 
oxide of zinc are free from this inconvenience ; the latter is extensively used as an ar- 
tist’s colour, both for oil- and water-paintmg Mixtures of white lead and banum-sul- 
phate are often used in house-painting Levigated chalk, known in France by the 
names hlanc dlEapagne, blanc de Mmdon, hlanc de Boitghd, blanc de Troges ou de Cham- 
pagne, according to the locality from which it is obtained, is also employed as a white 
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pigment, Tint appoois to hare been need in ancient times mncb moTe ^tecsWely than 
at present 

•WHITE TEIiliirRianE. Sylvanite, containing lead and antimony (p 647). 

WHITE VITRIOE. Sulphate of zinc (p. 617). 

•WHITETEYITE. An arsenide of copper from Houghton County, Michigan ; 
masaive, roddish-white , of specific gravity 8 408 Melts easily before the blowpipe, 
giving off arsenic vapours. Dissolves in mtrie acid. Contains, according to Genth 
(Sill. Am. J. [2], xxvu 400), 11'61 per cent, arsenic, 88'13 copper, and 0 40 silver and 
insoluble matter, agreeing with the formula Cu>»As’. 

WXCHTISITE, WIHTISITB, or WICKTYE. A silicate from 'Wihtis in 
Pinland, amorphous; specific gravity =» 3'00. Melts before the blowpipe to a black 
enamel, and is not attacked by acids. Analyses; a by Laurent (Ann. Ch. Phys. [2], 
lix. 109), h by Stromborg (Arppe, Analyser af. finska Min p. 17). 

SiO“. iPO’ 1V0». FeO. MnO. CaO. MbO. Na^O. 
a 68 3 13'3 4-0 18-0 . . 6'0 3'0 3 6 =. 09 1 

h. 64 24 14'27 . . 16 62 2-70 6-66 3 86 3 88 = 100'22 

WIEIEMITB, •WH.HBWWITE, or -WIMIAMSITB. Anhydi’ous ortho- 
silicate of zinc, Zn'SiO'*, or 2ZnO SiO^ occurring in crystals and massive at Franklin, 
Hew Jersey, and on the Biicbsbaoh Berg, near Aachen. The crystals arc combina- 
tions of a rhombobedron with a hexagonal prism. Leugtli of principal axis = 0 686 
Anglo B . E (terminal) = 116°, oE . B ■= 141° 39 6'. Cleavage distinct, lateral, 
and basal. Hardness “ 6'6. Specific gravity = 3‘986 — 4’18. 'Whitish or greenish- 
yellow, or greyisli-wliite with rather weak vitreo-resmous lustre. Streak uncoloured. 
Transparent to opaque. Brittle Fracture conohoidal. Contains, when pure, 27 54 
per cent, silica, and 72-46 zine-oxide 

A variety called troostito from Sterling, New Jersey, has the zinc partly replaced 
by iron and manganese, the ferrous and manganous oxide together amounting to about 

5 per Cent 

WIliEIAnisiTB, Syn. with WniEMiTE. The name is also applied to a grey, 
laminar, non-aliiminous seipentine, from Westchester, Pennsylvania (p 237). 

WIliXiOW. The inorganic constituents of the leaves, wood, and bark of Saha 
rifd&ict have boon examined by Eeicbardt (Arch Plmrm. [2], Ixxiii 257; Jahre.tb. 
1853, pp. 681-686), with especial reference to the variations in their total amount and 
relative proportions m spring and autumn. 

WlIiSONlTB. A bilieato from Bathurst in Canada, occurring in monoolimo 
forms, with rose-rod colour , specific gravity =■ 2 76 — 2 77 ; hardness very unequal in 
different parts. Becomes colourless and gives off water when heated, and melte with 
intumescence, before the blowpipe, to a white enamel. Contains, according to T S 
Hunt {Gad. Survey of Canada, 1853), 43 68 per cent.eiliea, 27 94 alumina, 0 20 feme 
aud manganic oxides, 6 80 lime, 3'81 magnesia, 1-45 soda, 8 37 potash, and 8 01 water 
(= 100 48). 

WiIiVXTB. A variety of lime-gnmet, also called grosndaria (see Gaenbt, li. 772) 
Tlio same name is sometimes applied to vesuvian (p 098). 

wnrs-FTTRirACB, or- AIB-FinRN’ACE. The ordinary furnace used for 
crucible operations, in which the draught is produced, without the aid of a blast, by the 
difference of specific gravity of the heated air in the chimney and the external air. 

WXSTE. Synonyms • Wein. Vin Vinum, Ohos — This name is applied, in a 
general sense, to aU alcoholic liquors produced by fermentation of aaeeliariue juices of 
plants (Fermentatioit, Alcohoho, ii. 628),but it is more usually reatrioted to the fer- 
mented juice of the grapes of Viiw vmifera. 

The chief constituent of wine, besides water, is alcohol, the amount varying from 

6 to 17 per cent in different kinds of wmo, as shown m the following table. The 
quality and value of wine is, however, determined much loss by the amount of 
alcohol It contains, than by the fiavour and bouquet which it possesses. These cha- 
racters, which are due to the presence, in vary minute proportions, of ethereal and aro- 
matic substances, differ in kind in different sorts of wine, and in degree in the same 
kind of wine The chemical nature of the snhstances which constitute the bouquet of 
different wines is as yet but little known. They are produced, partly during the fer- 
mentation of the guape-juico, and chiefly by the mutual reaction oi various constituents, 
when new wine is kept (Borthelot, Compt. rend. Ivii. 287, 308, aud 795— Pas- 
teur, tiiif. p. 936) — 
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It IS stated that in wines imported into England, especially port and sherry, the 
amount of alcohol is habitually augmented by mixing them with brandy Noturnl 
wine made from grape-juico containing 20 per cent, of glucose should not contain much 
more than 10 por cent by weight of alcohol, unless it has been long kept in casks, and 
there has been a considerable separotion of water by evaporation through the wood, 
and a consequent increase in the amount of alcohol. But if the wine of hot countries 
IS produced from gvape-}iiic6 containing 80 per cent, of sugar, it might well contain 16 
or 1 7 per cent, of alcohol after being kept in casks. 

The peculiar smell which is common to all wino is probably due to the presence of 
an other, which Liebig and Pelouze have termed rouanthic ether (it. 174). 

Some kinds of wine, such as Malagja, Tokay, Tent, and Erontignac, contain .a 
considerable amount of sugar, others, like Ehmewino, Bordeaua, and Burgundy, are 
almost destitute of sugar The sweetness of wmo may, in some cases, be due to tho 
presence of glycerin, which appears to be a product of fermentation (li 628). 

All kinds of wine contain free acid, which la partly tartaric acid, perhaps also 
succinic, malic, and citric ncids, together with tannic and gallic acida, and acid 
potassio tartrate 

The colour of wino is chiefly derived from the husks of the grapes, especially m 
the case of red wino.^ Wliite wino frequently derives a portion of its colour from the 
oak-casks in which it is kept The chemical nature of the substances to which tho 
colour of wine is due is but little known (Faurd, Analyse ohm. et comparie des Vtns, 
^ V — B ati Hi at, 21 aiii mr lee Vvns do la France.) 

On evaporating wine to drynoss at 100® C , it leaves an extract, which varies from 2 
(0 6 per cent , and sometimes amounts to 10 per cent and upwards. The amount is 
less m dry wines than m sweet wme, and it decreases us the wine is kept. 

Wine is often hable to undergo certain changes, which render it unfit for use, some- 
times becoming turbid or ropy. These effects are chiefly referable to tho presence of 
ferment, or of nitrogenous substance capable of conversion into ferment, and they 
result from imperfections in the mannfacturo. Pasteur (Compt. rend, lx 899, 
1109, 1x1. 274) recommends heating the wine in closed bottles to about 60“ 0., for 
an hom or two, m order to prevent those changes. 

Effervescent wines contain carbonic anhydride dissolved under pressure, and result- 
ing from fermentation, produced after bottling the wine by addmg to it a solution of 
sugar. 

For analyses of wine see Fontenelle, J. Cliim Mid. lii. 332. — ^Payon, CImn. 
indmt.—Pelouze and Frimy, Tmiii, ni. 436 — Malland, .T. Ohim. Mid iii. 326. 
— Fauri, J. Pharm vii. 200 — ^Brande, Phil. Trans. 1811. — ^Bouis, Braudes 
Archiv XXV. 222 —Christison, Edinb. Phil Journ 1838. — Khol, J. Ghim Mid. 
[4], ii 261. — Ludersdorf, J pr. Chem xxiv. 102 — Geiger, Mag, f. Pharm. xix. 
286, — Fischer n, Ann Ch Pharm Ivm. 706. — Frosenius, Ann. Gh. Pharm Imu. 
384. — Beck, Edinb Phil, Journ 1836. — ^Diez, Ann Gh, Pharm xovi 304. — Zierl, 
Baierisch Kimst. Gewerbeblatt, 1838. — Soubeiran, Tl'aiii do Pharmaew, i. 129.— 
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the manufafttiira of rod wine, and the marc is separated after the fermentation, when 
suiRoient colour has boon extracted. During the first stage of the fermentation, tlio 
temperature of tho liquid rises, and as the conversion of glucose into alcohol progresses, 
some acid potaasie tartrate is deposited (p 678), together with portions of the ferment 
and other orgaiuo substances, forming what is termed “lees” As the evolution of 
carbouio anhydride subsides, the liquid gradually becomes clearer. This stage of the 
fermentation is sometimes at an end within two or three days, hut it somotimes lasts 
much longer. In order to prevent the production of acotio acid by oxidation of 
alcohol. It IB generally customary to draw off the fermented hqnor ftom the lees, as 
soon as the evolution of gas has become comparatively scanty, and to transfer it to 
casks in which the fermentation qontmues slowly, for a considerable tune longer, acid 
potassic tartrate being deposited meanwhile as a ciystalline crust on the sides of the 
casks (TiaTAE, p. 671), After a time, when the production of alcohol is at an and, 
the wine is again tiunsferred to other casks, and is kept for a long time, during which 
its constituents undergo those changes by which it duefiy acquires flavour, bouquet, 
and ripeness. In this way wbat is termed “natural wine” is produced. 

During the first stage of the fermentation, which is essentially analogous to that of 
beer-wort (i. 629), the greater part of the glucose is converted into alcohol, and much 
of the nitrogenous substance which yields tho ferment is separated. Tho amount of 
glucose remaining unaltered, depends partly on (die amount originally contained in the 
“ must,” and partly on tho temperature at wliich the fermentation takes place. At a 
temperature of 10° C., fermentation ceases when the alcohol produced amounts to lOA 
or 1 1 per cent, by weight, but at a higher temperature, it may continue until tho alcohol 
amounts to 1.3 per cent, or more. During tho second stage of tho fermentation, when 
tlie weather has become cooler, there is less fear of alcohol being oxidised, and tlie 
moderate access of air to the wine has chiefly the effect of causing the ferment to 
sepanilo from it. 

Hitherto little attention has been paid to the regiffition of the temperature at which 
tile fermentanon takes place, and although it is highly probable that the quality of 
wine depends very much upon this circumstance, it is almost entirely a matter of local 
accident, whether the fermentation takes place at a high or low temperature Active 
fermentation at a high temperature, is cricnlntcd to furnish wine which is free from 
sugar, and soon becomes ready for use , but the wine tliiis produced, like much of tho 
Itahan and Himganan wine, has generally little or no bouquet or flavour, and is not 
capable of being kept long On the contrary, slow fermentation at a low temperature, 
furnishes wine winch not only keeps better, but acquires eventually a finer bouquet, 
and becomes generally of better quality than that produced by more rapid fermenta- 
tion at a higher temperature. In the Uloselle and Bhine districts, the fermentation is 
conducted at a time of year when tho weather is much colder than it is in Italy, and 
even there, the wine produced in seasons which, from their warmth, are especially 
favourable to the growth and matimation of the grapes, and continue warm imtil late 
in the year, is not always so good as that of years when the autumn is colder. 

The character of wine also depends very largely on the composition of the “ must ” 
from which it has been produced, especially on the amounts of glucose and of aoid 
which tho must contained, and on the relative proportions of these substances. Gene- 
rally speaking, in southern countries, where the amount of sugar in tho grape-juica is 
largest, as in Greece, Portugal and Spain, the wine prodneod contains a large amount of 
alcohol, some uufermented sugar, and hut bttle bouquet as compared with the wine of 
northern countries, such os that of the MoseUe and Bhiiie districts, which oonlaiiis 
less alcohol, no sugar, and a larger amount of aoid, but is chiefly characterised by its 
fine aroma. The grapo-juice of these countries generally contains a smaller amount of 
sngar, and a much larger proportion of aeid, than that of aouthorn countries. But 
besides the differences due to climate, variations of season also exercise a further 
influence of a similar nature, especially in the northern wine-produoing districts, 
where in cold seasons the amount of sugar is small, while the proportion of acid to 
sugar in the grape-juice is frequently twice as great als it is in more favourable years, 
and consequently the wine produced there is only occasionally good, and very often 
can scarcely be drunk. 

To produce good wine, it is essential that the grape-juice should contain at least 
20 per cent, of glncoso, and that with this amount it should not contain more tlian 3 
per cent, of acid. These eouditions do not always obtain In the Moselle district, 
for instance, the proportion of acid to glucose is often as 1 to 12, while the amount of 
glucose is also very small. In such coses the wine made from natural grape-juice is 
necessarily inferior , hut it is possible to remedy these natural defects of tho grape, 
and by doing so, to render it capable of producing better wine, especially in unfavour- 
able years. With this object, several methods have been proposed, of which tlia 
following are among the principal : — 

You V. 3 X 
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1 Coucouli’iiting the gvapo-juiC 0 by partially drying the grapes hefcire they are 
ciubhed, or by evaporating the “must” — Tliia method is practised in some parts of 
Hungary, Spain, Italy, and llrance, hut it has only a limited applicahibty, and is moro 
adapted to tha production of liqiioiir wines than for improving the quality of wma 
when the grapo conUiins littlo sugar and much aoid 

2 Adding glucose to the must when it amounts to loss than 20 per cont.— This 
method only partially rectifies the natural defects of the grape-jiuco, and although 
it would furnish a wine containing more spirit than that produced from the nnmixed 
must, the excessive amount of acid is not affected except in so far as it maybe 
innbked by an excess of sugar 

3. Diluting the must with water snflloient to reduce the amount of acid to -5 per 
cent , and then adding glucose until this amounts to 20 per cent, in the must — The 
adoption of this method was at first strongly opposed on the ground that wine thus 
prepared, might be expected to he deficient in flavour and bouquet , hut this has been 
found not to bo the ease, and the result is quite eoubistent with the fact that the 
flavour and bouquet of wine are produced during the fermentation, So far as thepro- 
duct of fermentation is concerned, it is therefore a matter of little consequence whether 
the glucose has been derived from the giapo, or from some other source, provided the 
grape-iuice contains a sufficient amount of ferment, acid, and other substances, 
reqiusite for the production of good wine, and these mo generally present in excess. 
The principal condition to bo ensured is tho pui'ity of the glucose employed. 

4 Mixing tho pressed grapo marc with water containing 20 per cent, of glucose, 
.end fermenting — This method is based on the important observation, that the mare 
from which the grape-jmoe has been expressed, still contains a large amount of those 
substances, which by fermentation with a solution of glucose, communicate to it the 
ohaructors of wine, and are capable, under tlie influence of this process, of yielding the 
products winch consbtute the bouquet, etc (PAtlot.Bulletmaoe. d’Encour ,1857, p.659), 
The wine prepared by this method, is stated to be even better than that obtained from 
the grape-juice itself. 

These lust two methods hear tho character of rationalimprovoments in the manufacture 
of wine, and are in this respect to be regarded as totally different from that system of 
compoimdmg, justly termed adulteration, which has been practised with tho object of 
giving inferior wmo the semblanco of character it can acquire only by the process of 
fermentation, and in tho highest degree, only in certain favourable years. Pastem-’s 
method of maturing win6 by the application of heat instead of keeping itfor a number 
of years, is likewise an improvement which is sound in principle, and likely to be oE 
considerable advantage The chemistry of wmo is, however, stiU so imperfectly under- 
stood, both as regards its composition and its production, that the methods above 
referred to must be regarded merely as first steps towards realimprovement in the 
practice of an art which has hitherto been conducted in a most orudo and empirical 
manner, subject to the accidental influence of conditions whose operation and effects 
were wholly unknown, and regulated by the moat fantastic notions 

Analysis of Wine. — ^The chief data, &o. determined for practical purposes, are ! — 

1. The amount of alcohol; 2 Tho amount otfrea and, nmhS The amount of non- 
volatile dissolved contents, or extract," os it is termed Neither the flavour nor the 
bouquet of wme are susceptible of estimation by chemical means. The colouring 
substances of wme are also too httlo known to he distinguished with certainty from 
other colouring substances employed for its adulteration. (Blum 6, Duigler’a Jouxn. 
clxx 240 ) 

Estimation of Alcohol — ^The most trustworthy method consists in distiUing out tho 
alcohol as already described undortho hood of Beeii (i. 630), and weighing or observing 
the density of the distdlato (Aloohoiombtet, i 81) Tho free acid in the wane should 
bo first neutralised by sodie carbonate or baryta-water, and a very small quantity of 
tannic acid added to prevent the wine from frothing when distilled Tho percentage 
of absolute alcohol should be expressed by weight, that of proof-spirlt by volume 

Estimation of Free Acid. — This maybe effected with a standard solution of adcah, as 
described under Acidimetby (i 202). 

The amount of acid potassio tartrate maybe estimated by mixing the wine with five 
tunes its volume of mixed alcohol and ether (equal ports) and leavM it for twenty- 
four hours, when the salt will have deposited almost entirely. (Berthelot and 
Plourien, Compt. rend, Ivii 394.) 

If it be desirable to ascertain the relative proportions of fixed and volatile acids in 
wine, this may he done approximately by distilling the wine and estimating the quan- 
tity of acid in the distillate . hut the rosdt obtained will not roprosent the full amount 
of free volatile acid, and cannot be much relied upon 

Esimaiion of “Extract.” — This is made m the same manner as with Beeb (i. 630). 
If the amount is considerable, it may he desirable to ascertain what it consists of. 
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WINE, OIL OF— WOLCHONSKOiTE. 

Mstimatwii, of Sugar — Thia may be made by one of the methods desenbed nnder 
SAOOHA.IIIMETKT (p 371). It IS necoBsary, in. nsing the copper-method, first to separate 
the colom'iug suhatance of the wme. When the fermentation method is adopted, the 
alcohol in the ivuie should bo first distilled off, and the result obtained by ■weighing the 
carbonic acid as barium-carbonate may bo checked by estimating the alcohol produced. 

Tho inorganic constituents of rrine may ho estnnated by igniting the residue left on 
evaporation. The amount of potash thus found may he taken as representing the 
acid potassie tartrate in the wine 

Por more detailed desei'iptions of the methods and apparatus to boused in the analy- 
sis of -wine, seoBolley andPaul, iHtnnioi! of Tec&nmd Aiialpm,-p. 331, and Griffin, 
Ghanical Testing of Wines and Spirit, also a paper by Dr. A i)uprd, OntheEstmaivm 
of Compound Ethers in Wine. (Cbem. See J. xx. 493 ) B. H. 3?. 

WIN'E, OXXm or. See ElHEiim (li. 507). 

WISEBITIi. A hydrated carbonate of manganese, from Gonzen, near Sarganz, 
in the Gtasons, regarded as a variety of diallogite. 

WITHAnilTE. A bright-red variety of opidote , the crystals exhibit a straw- 
yellow in one direction across the prism. 

WITHSRITE. Native carbonate of barium (i. 780). 

■wrlTICHEMlTB or WITTICHITB. Sulphide of copper and bismuth, 
Cu*Bi"’S’, from Wittiehon m Baden (ii 76). 

‘WITTIErCrlTE. A feiTieo-maiiganio silicate, from the Wittinge iron-mine at 
Storkyrpin Finland, containing, according to aprehminary analysis by Igelstrom, 33’28 
per cent, sihoa, 6 93 ferric oxide, 51 79 manganic oxide, and 9 0 water. 

WO AS. Isatu, hncioria. {Guide Pastel Wau '^ — ^This plant has been used 
from ancient times for dyeing blue, and before tho introduction of iildigo was of 
groat importanee for that pm-poao. Sohunck (Phil. Mag [1], x. 73) has shown 
that the loaves of wood do not contain either indigo-blue or indigo-white, hut 
indioan (iii 246), a oonipoimd which may he extracted from them by aloobol, and is 
resolved, by heating -with dilute acids, into indigo-blue and mdiglucin; 

0““HS'N0» + 2H-=0 = C'H«NO + 3C»H'''0«. 

Indicnn Indigo-blue. Indigluclii, 

Woad IS cultivated m France, in several parts of Germany (Thuringia, Silesia, &c.), 
and other countries. It is sown in March, and the leaves are cut for the first time in 
June , later in the season, the plants yield fresh crops of leaves, hut these do not 
contain so much coloiu'iug-matter os the first The loaves are sometimes merely 
dried, and sent to market in that state , or they are ground to a paste in a mill, and the 
paste IS made up into heaps, left for some time, and then formed into balls or loaves, 
which are dried and sent into commerce. 

At the present day, woad is but rarely employed in dyeing, as the use of indigo is 
found to be much mors economical , hut as it easily ferments when moist, it is used 
for the reduction of indigo in the so-eaUed wood-vats (See Indiqo, ii. 252 ) 

• WOHEBRITE. A silieo-zirconio-niohato of calcium and sodium, occurring at 
the Langesundfjord, near Brevig, in Norway, m tabular crystals and prisms belonging 
to the tnmotric system. Axes a . J • o ■= 1 I'01683 0 7261. Angle coP ; ooP = 
90° 64', oP Pot = 144°!'. Cleavage distinct in one direction The mineral also 
occurs granular Hardness =-6 6. Specific gravity = 3 41 Lustre vitreous, in- 
clining to resinous Colour light-yellow, brownish, or greyish, streak yeUowish- 
wliito. Transparent to aabtranslucent. Fracture moie or less conchoidal to aphntery. 
When strongly heated before tho blowpipe, it melts quietly to a yellowish glass ; with 
fluxes, it gives the reactions of iron, manganese, and silica. Hydrochloric acid decom- 
poses It, -with separation of silicic and niohic acids Contains, according to Scheeror 
(Pogg Ann. xcn 242), 14 47 per cent NbW, 16 17 ZrO' 30 62 SiO», 1-91 FeO, 1 66 
MnO, 20 19 CaO, 0 40 MgO, 8 39 Na^^O, and 0'2 water (- 98 94) 

WORTBITE. An altered or hydrous kyanite (hi. 449), from near St. Peters- 
burg, Hardness = 7'25, white and translucent Contains, according to Hess, 

(Pogg. Ann. XXI, 73), 40 68 per cent, sihca, 53 60 APO", I’OO MgO, and 4'63 H^O 

( = 99-71). 

WOECHITE. Antimonial copper-glance (li. 76). 

WOECHOirSROITE. A chromiferoiis olay from Oehansk in Siberia, contain- 
ing, according to Ncrsten (Pogg. Ann xlni. 486) • 

S10=. AliQS. Cr=Oi Fe»03. CaO. MgO. MnO H20. 

37 01 6-47 17 93 10-43 101 191 180 2184 = 

3x2 


98-26 
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VOliFRAM. Hatwe tungstate of manganese and iron (p. 907)r The same 
name is also applied to metallic tungsten. 

WOlLFRAMINEi OT VrOKFRAlHC-OCHBE. Kative tungstic oxide (p. 903) 
VroiiI'SBSltdTE. Natiye cuprous sulphantimouito, or antiraonial copper, 
Cu,ab'"S», or Cu2S.Sb«S’ (ii. 76). 

'WO XiIiASTOBriTE. Native metasilicate of calcium, Ca''SiO® (p. 262). 
WONGSBir, or WOE'GSK.'X'. The Ohineae name for the pods of Qardmia 

C randiftoi'a, -which yield a large quantity of a yellow colouring-matter, 1 pt. of wongshy 
oing sufficient to impart a strong yellow colour to 60 pts. of water. The pods con- 
tain also pectin, mucue, tannic acid, and fat. The aqueous extract has a flery-red 
colour when concentrated, yellow when dilute The alcoholic extract is flery-red. 

The colouring-matter of wongshy has been shown by Bochleder to be identical -with 
crooin from saffron (n. 108). — ^Respecting the products obtained from it by Orth, 
see J. pr Ohem. Ixv 16. — Chmese yeRow-poda contain 6 per cent, ash, consisting in 
100 pts. of 29-2 pts. R'O, 11'3 Na-'O, 12 0 CaO, S-S MgO, 6 5 P'o'O”, 0'9 SO‘, 10 3 
PO’, 4'0 SiO*, and 0'5 Cl. (Stein, J. pr Chem. xlviii 329.) 

The aqiiooue extract of wongshy colours wool and siUc a fine yellow, without mor- 
dants ; cotton to bo dyed -with it must first be mordanted, best with tin-solution. The 
colour withstands the action of soap , olhalis turn it more yellow, acids more reddish 
The colour does not withstand the action of light, but is most permanent on silk. The 
colour of wongshy has a great resemblance to that of annotto. 

WOOD. Reepecting the chemical composition of wood, two different views are 
entertained. According to Payen (Compt rend viii. 61), v Baumhauor (J pr 
Chem xxxii 204), and P. Schulze (Chem. Contr 1867, p. 321), it consists of 
cellulose or woody fibre (i 818), which forms tho coil-walls, and of incrusting sub- 
stances deposited thereon {Sclerogea, Ligmn, formed of products of decomposition of 
the decaying cells [Scbloulen, ffnctide. <7. vim Botanik, Leipzig, 1849, i 172]). 
Primy, on tho other hand (Compt. rend.xlvin 862), denies the exiatonoe of incrusting 
substances, and supposes that the true woody tissue consists of vasoulose, the consti- 
tuent of the vessels (p. 996), which is insoluble in oil of vitriol, soluble m boiling 
concentrated potash-ley , paracellvlose, the substance of the medullary rays (iv 34), 
soluble m oil of vitriol and m boiling potash-ley, andjidrose, thesubstanoe of the true 
woody fibres, soluble in oil of vitriol, but insoluble in boiling concentrated potash-ley. 
The former view is, however, generally regarded as the more exact. 'Wood likewise 
contaius the following substances, in quantities varyhig -witii the season and locality, 
and -with the species and age of the plant the constituents of the snp, such as albu- 
minoidal substances (0’81 — 0T2 per cent nitrogen, according to Chevaudier), 
sugar, gum, tannic acid, &c , colouring-matters, starch (only in autumn and -winter), 
peotose, according to PrAiny (Rayon found none), resins and volatile oils, and the 
ordinary mineral constituents of plants. 

The external properties of wood depend, partly on the mode of union of tho 
fibres, partly on the proportions between the essential or adventitious proximate con- 
stituents. Hence the several species of wood differ greatly in hardness, colour, and 
apparent specific gravity. The latter, that is to say, Sie specific gravity of the wood 
atr-dned, but still oojitaafn^ air, varies, according to Karmarsch (Gmnde. d. meo/i 
TeLknalogie, p 836), from 0-383 (poplar-wood) to 1 842 (logwood). The actual specific 
gra-vity of different kinds of wood is tolerably uniform 1 6, according toViolette, 
from 1'4C (maple) to 1 63 (oak), according to Rumford. Wood always coutams a 
larger quantity of carbon than cellulose , its composition varies betweeu very wide 
limits (according to the nature of the inomsting substances- Payen), as much appa- 
rently in the same as in different woode. The lowest and highest amounts actually 
found are. 46 10 percent, carbon, (beech-wood Baer), and 64'44 per cent, (oak-wood • 
Paye-n) , (beech-wood — 64-36); — 6 56 per cent, hydrogen (box-wood- Prout), and 
0 40 per cent hydrogen (aspen-wood. Payen), — 39-32 per cent, oxygen (oak-wood : 
Payen), and 46 87 per cent (hooch-wood- Baer) 

Decay of Woody Fibre . — Itfoist wood exposed to the air, gradually undergoes decom- 
position, a species_ of fermentation being set up by tho nitrogenous constituents, in 
consequence of which, oxygen is absorbed, carbonic acid and water are evolved, and 
tho wood ei-umbles down into a blackish-hro-wn vegetable mould, called humus, 
nlmin, or gein (p 936). This decay occurs most rapidly in young spongy wood, 
which admits tho air more freely, and at the same time contains a lai'ger proportion of 
the albuminous substance than harder and older wood. 

The process of decay m hgneous tiseuo vanes considerably, according as it takes 
place with free access of air, or under water -nuth but a scanty supply of oxygen from 
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without. When the air haa free aceeaa, its oxygen is converted into an equal hulk of 
carbonic auSydride, and at the same time a largo quantity of WBter_ is evolved 
(Saussure). According to Hermann, a small portion of nitrogen is absorbed during 
the process, and ammonia is produced The water is formed at the expense of the 
oxygen and hydrogen of the woody tissue, so that the mouldered products contain a 
larger proportion of carbon than the wood in its original state. It the moist wood is 
excluded from the air, a small quantity of eorbonie anhydride is evolved during its 
decay, accompanied, as in the former case, by separation of water; and under certain 
circumstances, marsb-gaa is bberated in considerable quantity 
Such is a general view of the changes which take place in the conversion of woody 
tissue into humus, peat, lignite, bituminous coal, and anthracite, the proportion of . 
carbon in these successive products of transformation continually increasing, until m 
the last the carbon is found associated with only small quantities of hydrogen and 
oxygen, (See Table of the Composition of Wood and Coal, given under Coax, i. 1030, 

1031 ) 

The composition of wood (oak) given in the table may bo approximately represented , 

by the empmeal formula that of certain kinds of peat by that 

of Bovey bgaite by G®'H“®0", that of Wigan cannel-eoal by C^H^O®, and that of 
Welsh anthracite by C“H'“0 If now the woody tissue be acted upon by a small 
quantity of oxygen, such us might be supplied by solution in water, each of these pro- 
oiiots of transformation may be supposed to be formed by the sepamtiou of marsh-gas, 
carbonic anhydride, and water, in the proportions represented by the following 

C»H“®0" + 60H® + SCO® + H’O 

Peat 

0»H®®0’ + 20H® + SCO® + 6H®0> 

C“H®”0» + 20H® + 6CO® + 10H®a 

C«H'»0 T 12Cn* + ISCO® -1- 16H®0 

Anthracite. 

Destnictive iHstUlation of Wood . — ^The products formed by the distillation of woodi 
in close vessels, vary with the nature of the wood operated on, and the temperature at 
which the distillation la effected. The decomposition begins at about 140°, The 
volatile portion of the products includes permanent gases — chiefly carbonic oxide, car- 
bonic anhydride, and hydrogen — together with other bodies, which ore liquid or solid at 
common temperatures, whilst a considerable portion of charcoal remains in the retort. 

Of the liquid products, one portion is soluble in water, and consists of acetic acid, 
methylio alcohol, methylio acetate, and acetone, accompanied by water and other 
bodies but imperfectly known , whole the remaining portion is insoluble m water, and 
constitutes wood-tar, which is a mixture of various liquids holding sohd matters in 
solntion or suspension. (See Tab, p. 670 ) 

The products of tlie distillation of wood, obtained at the lowest temperature, are 
those into the composition of which oxygen enters most abundantly— such as water, aoetie 
'acid, and carbonic acid. As the temperature rises, compounds containing less oxygen 
are gradually formed — such as wood-spirit, acetone, and creosote , at a still higher 
temperature, various hydrocarbons, such as toluene, xylene, eupione, and the different 
forms of paraflfln, are produced , and as the temperature approaches redness, pure 
hydrogen predominates. , 

When air-dried hard woods, such as oat and beech, are distilled in iron cylmders, 
the charcoal amounts to about 26 per cent of the weight of the wood, or about three- 
fifths of the quantity of carbon actually contained in it. The liquid portion, amounting 
to about 63 per cent., contains about one-flftb of the entire carbon in the wood ; and 
the remaining portion of the distillate, consisting of uncondensed gas, carries off the 
remainder of the carbon. Among the liquid products, acetic acid amounts to between 
3 and 4 per cent, of the harder woods, najitha to about 1 per cent., and the tar to 
7'5 per cent. (Miller’s EleTiients of Chemistry, 3rd ed., lii. 702; for further details 
see Q-melin’s Handbook, xv. 148-160.) 

‘W'OOB-on. Capivi-lalsam, Gutyun-haUam, Gwegm~hdlaam. (Hanbury, 
Pbarm. J. Trans. January, 1866, p. 321.— Martins, Buchn. H. Eepert. v. 100.— 
Guibourt, ibid. vi. 87 — Werner, Zeitschr. f. Cbem. 1862, p. 688 — A, balsamic 
substance, much resembling balsam of copaiba (i. 492), imported of late years ftoin 
Calcutta into this country for medicinal uses. It is obtained &om several species of 

« MiUer’s ElemeatityChnoiaiy, 3rd ed. ill. 149. 


equations :*■ 

0”H«0®® + 0® = 

•Wood. 

C>^H«0®» + 0 - 

OsiH«0®® + 0® » 

Wood. 

20®®=^® + 0® = 
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Diplerocarpirs, promng m Pegu, Assam, and some of the islands of the Indian Archi- 
pelago. It smells and tastes like eopnaba-balsam, is somewb.it more viscid than olivo- 
oil, and haa'a bpceifle gravity of 0'964 In its original state it is turbid, owing to the 
pi'csoneo of a greenish resin , when filtered from this, it is brown and transparent by 
faansmittod light, but opaque, with greenish fluorescence, by reflected light This 
colour and fluorescence distinguish it from eopmba-balsam, and further diflerenoos are 
observed in its behaviour when heated, and with reagents When heated to 130°, it 
becomes turbid and gelatinous , whereas copaiba-balsam becomes more fluid when its 
temperature is raised. Wood-oil is less solnhle in alcohol than copaiba , it forms a 
viscid liquid with ammonia, whereas copaiba-halsam forms a olonr hqiud , and, more- 
over, wuod-oil docs not solidify when mixed with of its weight of calcined magnesia 
Wood-oil 13 not a definite compound, hut a mixture of resin and volatile oil , ac- 
cording to Lowe, it contains 34 per cent, resin, 65 volatile oil, and 1 pt water and 
acetic acid The resin is hard, whereas that of copaiha-balsam is soft. 

Werner, by distilhng the balsam with water, obtained about 20 per cent of a 
volatile oil, polymeric with oil of tm-pentmo Tins oil has a specific gravity 

of O’Oll at 16°, a Isevorotatory power of 10°, boils at 266°; its vapour-density is 
a 10 (2 vols ) 

The resin left after distilling off the oil, contains a resinous acid, gurjunic acid, 
soluble in aqueous ammonia. To separate this acid, the crude rosin is 
boiled with potiish-loy, which dissolves it , the solution is mixed with excess of sal- 
ammoniao, and filtered, and the ammoniacal filtrate is mixed with hydrochloric acid, 
which tlu'owa down the guqunie acid in thick yellowish flocks. This acid dissolves 
in alcohol and other, molts at 220°, solidifiaa at 180°, boils at 260°, and distils ap- 
parently without decomposition It is dibasic, and forms soluble salts with the alkalis 
and tilkalino earths— The pofassium-salt, C“II“TC'‘0<, crystallises from alcohol in 
micioscopic lamintE — The caloium-i,alt, 0“H*'‘Ca"0', and the hamm-mlt, 0*“H*-Ba''0 ‘, 
are white and amorphous —The silver-salt, 0'‘*H“Ag'‘O^, is obtained by precipitation, 
in white flocks, which blacken on exposure to light. (W orner ) 

Wood-oil is used by the M.alay8 as a varnish for household utensils, boats, &o. , it 
has been recommended as a substitute for copaiha-balsam in medicine 
WOOD-SPIRXT. See Methti,, Htheate of (lii. 988). 

-WOOB-TA.S. See Tab (p 670). 

'WOOIi, (Sohlbssberger, Allgom u. vergl Thierchemio, p. 265 — Q-orup- 
Bosanoz, Physiol Chomie, p 692 — Bolley, Handb d ohem-teohn Untorsuoli, 
its Aufl., p 428. — Chevroul, J pr Chem xivii. 57 xxxii. 227. — Mulder, Physiol. 
Chemie, ii. 670. — Soheror, Ann. Oh. Pharm. xl. 54 — v. Bibra, ibid, xon. 296 -r 
Gorup-Bosanez, iJiif. btvi. 321,cxvin. 230— Grothe, J. pr. Chem Ixxxix 420.— 
lassaigne, J. Chim lVI4d xix 662) — Wool belongs to the horny tissues (in 170). 
After eihauation with water, alcohol, and ether, to remove fatty matter, salts, &o , it 
contains, according to Scherer, 60 66 per cent, carbon, 7 03 hyefrogen, 17 71 nitrogen, 
and 24 61 oxygen and sulphur Chevieul found in wool thus purified, 1'78 per cent, 
sulphur, Mulder rather more, v. Bibra 0 8-0 9 per oeut., and Grothe found, as a 
mean of numerous determinations with different kinds of wool, 2 31 per ‘cent., the 
minimum being 1-3, and the maximum 3 4 per cent. 

The amount of water in wool, is, according to ManmonA and Grothe, 13 to 16 
per cent., of winch 6 or 7 per cent, go off when the wool is dried in the air , in damp 
an- &y wool mnckly takes up a considerable quantity of water, about 0'02 per cent, 
per hour uecoiding to Grotho’s oxperunents. 

In 100 pts. wool dried at 110°, Goiup-Bcsanez found 3 23 per cent ash, containing 
0 20 pt silica, or 8 3 pts sihea in 100 pts. of ash Eespecting the extraction of potas- 
sium-salts from the sweat of sheep’s-wool, see Potassium-saiis (iv 720). 

The reactions of wool with acids, alkahs, &c., are the same as those of horny tissues 
in general Dilute alkaline solutions, especially soda-ley, remove part of the sulphur, 
hut the remainder appears to he more intimately combined, and can only, be removed 
by boiling with strong alkalis, which destroy the texture of the wool C Gr 
Williams (Ann Ch Pharm. cix. 127), by distilling flannel with strong boding 
potasb-ley, obtained a distiUnte confainmg a large quantity of ammonia, together with 
butylamine and amylarnino. Plannel distilled by itself yielded an insufferably stinking 
oil, accompanied by large quantities of pyrrol, streams of sulphydic acid gas, and a 
small quantity of eai'bonio disulphide, with mere traces of oily bases 
Wool and silk may he distinguished fiiom vegetable tissues, such as cotton and 
hneU( by drawing out a thread and setting it on fire The animal fibres then leave 
a shining, tumefied, difficultly combustible cinder, which leaves a large qua ntity of ash 
when completely burnt, tho smoke smells like burnt horn, and tons to'inenc brown 
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Vegetable Hbres, on the other hand, leave a cinder having the form of the thread, and 
only a anifrll quantity of ash, they burn -with asmoke which has an empj reumatic 
odour, and reddens litmus Wool and silk are also distiiagnished from cotton and 
linen by the yellow colour which they assume when steeped in nitrio or m pianc aoicl, 
tlie vegetable fibres not being coloured by this treatment. Wool or silk la dissolved 
by boiling with yiotas/i- or soda-ley, of specific gravity 1 04 to 1 06, whereas vegetable 
fibres remain imattackod. Cotton and linen dissolve in a solution of cuprate of 
ammomnm, whereas wool is insoluble therein 

Wool and silk majfbo distinguished from one another by a solution of sodie phmhate 
(prepared by addmg' caustic soda to acetate of lead tdl the resulting precipitate re- 
dissolves), wool and hair being turned brown by this liquid, in consequence of tlic 
sulphur which they contain, whereas silk, which is free from sulphur, remains unaltered 
The three following distinctions are given by Grotho (Zeitsehr anal. Chom. in 163) 

. — 1 Wool, cautiously heated to 130°, gives off the odour of carhonio disulphido and 
ammonia, assumes a golden-yeUow colour, and curls np ; silk becomes coloured only 
at 140°-146°, and does not curl np — 2. When the fibres, moistened with potash-ley, 
are dipped in a solution of cttpric sulpkate, and then exposed to the air, the wool 
quickly tiu'UB brown, in consequence of the formation of cupric sulphide, whereas the 
Bilk remains unchanged. — 3 On mixing the solution of wool in caustic potash with • 
taiiaric aeid, and then witli ouprw sitlphate, a layge quantity of cupric sulphide is 
formed, and the filtered liquid exlnlnts a dark brown-red colour. Silk treated m the 
same manner, yields a somewhat viscid solution having a fine nolet colour 

VOOR&RA. Syn with Gtoaea (ji 185) 

WOOTZ. East Indian, or Persian Damask Steel. — very hard stool, made in 
India, and containing small quantities of silioon, manganese, nickel, and tungsten. It 
has a specifle gravity of 7'727 at 17°, and exlubits veiy beautiful patterns when otohecl 
with, acids. 

‘WORmSEED, Semen Ctnm Semen Contra. Semen Santonici. — ^The flower-buds 
of Artemma Vahhana, A. Siehen, and A. woxdta, plants belonging to tbe composite 
Older The fli'st is indigenous m Persia and Asia Minor, and yields Levantwormsoed , 
the second grows in Barbary, Persia, and Arabia, and yields the Barbary or African 
wormseedj the third is said to yield the East Indian wormscod, which however, 
according to some authorities, is merely the African variety mixed with turmeric or 
fustic. 

Wormscod contains santonin (p. 189), a volatile oil, a brown bitter resin, a green 
soft resin, and a waxy substance, together with the ordinary plant-constituents. It is 
used, especially the Levant variety, as a remedy for ascaridos, beuig given either as 
an electuary or an infusion. It is not known which of the constituents of wormseed 
is the active principle. 

WOBKSEED'OIZi. Oleum, exnce. Essenee de Semen-contra. (Tromms- 
dorff, Tr. N. J. iii. 312. — ^Volekel, Ann. Ch Pharm. xxxviii 110; Ixxxvii 812, 
Jahi’esh 1853, p. 612, 1854, p. 690.— Hirzel, Jahresb. 1864, p. 691 , 1865, p 656.— 
Kraut and Wablforss (Ann Ch. Pharm. exxTiii.293 ; Jahresb 1863, p. 661. — Gm., 
XIV 316 ) — This od is obtained by distilling wormseed with W'nter. It has a pale- 
yellow to brownish-yellow colour, a pungent disagreeable odour, and eamphorous, 
aromatic, burning taste, specifle gravity =0 926 to 0 936 (Waokenroder, Zeller; 
Volokol), 0’94 (Hirzel). It bolls at 170°— 180° (Hirzel) When distilled with 
imlk of lime, it yields a lighter oil, of specific gravity 0‘945° at 8°, and boiling be- 
tween 174° and at 177°. 

Wormseed-oil is a mixture of several oils, the proportions of wliioli seem to vary con- 
siderably in different samples • hence the investigations of different chemists rospooting 
It have yielded veiy discordant results. According to Kraut and Walilforss, the oil, 
when purified by rectification with alcohobe potash, consists mainly of an oxygenated 
oil, O'^H'^O, having a Imvorotatory power of 2 1°, mixed with a camphene, 
(Volokel’s cyneue) 

Wormseed-od dissolves in about 1000 pts of water, easily in ether, in all proportions 
of absolute alcohol, and in an equal quantity of alcohol of specific gravity 1 86 
(Zeller) In contact with the au-, it thickens and becomes coloured; it is eusilyin- 
flammable — ^With dilute mine amd, it yields oxalic acid (V olckel), or tohuo aeid 
(Hirzel), when heated with strong nitric aeid, it is converted into a yellow resin. 

Iodine dissolves m wormseed-oil without evolution of heat. By dissolving 1 pt. of 
iodine m 4 to 0 pts. of the oil, with aid of heat, a dark hrowu-rod, opaque, viscid mass 
IS obtained, from which, on cooling, black crystalline lamince separate (consisting of 
iodine and cinocbcno ?) Prom the solution of lodmo in woiinsood-oil, wider extracts 
acetic, propionic, and hydriodic acids, nnd perhaps nlsoiodido of propyl On distilling 
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the solution of iodine in wormsoed-oil, propionic acid and iodoform pass over, together 
Mitli a daik-brown mobile oil, eontiurang cmiebene, hjdriodato of cimebonf, einaibeno- 
camphor, cymeno, and small quantities of einucrol, angelic acid, &o , while the solid 
blue-black residue consists chiefly of cinffiphene, cmcepbane, and ciumpboiie fHirzel). 
Wormseed-oil, mixed with a saturated solution of lodme in potassium-iodide, yields 
groouish motallic-shimng crystals of the compound 2(0'“H’*0.H'0).1“, which, wheu 
treated with alcoholic potash, reproduces wormseed-oil (Kraut and Wahlfoiss.) 

Snljihuno acid colours wormseed-oil red-brown, and on applying heat, sulphurous 
auhydnde is erolvod — Pho^wno anhydride hlackens it, and, according to Volckel, 
forms eyneue , according to Hirzel, ciusebene, einmphene, and cinaciol — Syd/roohlario 
m. id gas is absorbed by wormsood-oil, forming a red-brown liquid, which on standing, 
deposits wormseed-camphor, in colourless slender needles having an aroiiiatio 
camphor-like odour and mild warm taste, they dobqucsce in the air, melt wheu 
heated, and yield, by distillation, an oil containing hydrochloric acid. (Hirzel and 
Volckel) 

■\Vorm3ced-oil distilled with yotassium-hydrate yields » colourless, transparent, 
niobilo oil, having a pepperjr odour and warm taste, a speciflo gravity of 0 932, and 
boiling at about 176° With hydrocblone acid gas, this oil forms sluuing deliques- 
cent noedlos ; with nitrie acid, liqmd and resinous products , sulphuric acid colours it 
daik-browii, and renders it viscid. This oil has a oomposition represented by the em- 
pirical formula 0“H®0’, and consists, according to Hirzel, of cinabeiie, ciiimbene- 
camphor, propioiie, and a body containing 

Derivatives of Wormseed-oil. 

Cinabone, C'E'* (with which Volckol’s oynene is probably identical), exists 
ready-formed in wormseed-oil, and is separated by distilling the oil with phosphoric 
anhydi'ide (Hirzel). It is a colourless, mobile, pungent, strongly-i’ofractmg oil, 
having a density of 0 878 at 16°, and boiling at 172°. When cbstiUed witii an equal 
volume oi' nitrie acid of specific gravity 1 1C, it yields acetic acid, propionic acid, and 
volatile oil, and leaves a rosm, which, by prolonged boiling with excess of nitric acid, 
IS converted into toluio and nitrotoluic acids, together with an oil, probably anisylous 
acid , no oxalic acid is formed in this reaction. — With hydriodio aerld, oinmbene forma 
an oily liydriodate, 2C"’H'“.HI. 

Cinmbene-oamphor, C'“H'*0, is contained, according to Hirzel, in wormseed- 
oil, but eaunot be separated from it in the pure state. With phosphorio anhydride 
it IS resolved into water and cinsehene According to Kraut and Wahlforss, worm- 
eeed-oil, punfled by alcoholic potash, consists of aii oil, C‘“H‘*0, mixed with the cam- 
phene, which cannot be separated hy fractional distillation 

Oineepliene, C“H”, is ono of the compounds formed by the action of phosphouo 
anhydride or iodine on wormseed-oil. It is an oil, viscid at ordinary tomperatui’es, 
mobile wheu warm, boding at 316° — 328°, colourless hy transmitted light, and exhi- 
biting a deep indigo-blue iridescence by reflected light. When heated with nitric acid, 
it IS converted into a resin having a musk-hke odour. (Hi rz el.) 

Oinaephane, is a resinous hydrocarbon found in the residue left on distil- 
ling wormseed-oil with iodine To separate it, this residue is boiled with alcohol, 
winch dissolves oiusephene; the remaining portion is dissolved in chloroform; the 
solution is mixed with 20 pts. of alcohol of specific gravity 0'84 , and the resulting 
precipitate of oinrephane and emsephone is treated with ether, which dissolves the 
latter, and leaves the cinffiphane, to be further purified by solution in chloroform, pre- 
cipitation with alcohol, and washing with ether. Cinsephane is a nearly velvet-black, 
loose, resinous powder, tasteless and inodorous ; when heated it burns away without 
melting. 

Cinmphone, separated from ciusephene hy ether m the manner just 

described, is a loosely miherent kermes-brown powder, destitute of taste and odour, 
insoluble in water and in aleohol, but soluble in ether, chlorofoim, and wormseed-oil ; 
when heated, it burns and decomposes. (Hirzel ) 

Ciuaorol, C'^H'^O’, is obtained by rectifying the oil produced by distilling 1 pt. of 
iodine with 4 to 6 pts. of wormseed-oil; agitating the nearly black liquid which passes 
over with strong potash-ley, hoatmg the resnltmg dark-brown solution tiU it is nearly 
inodorous , and then distilling it with dilute sulphnrie acid The oil thus obtained is, 
after drying and rectification, colourless and visci^ with a faint smoky odour, and 
sharp caustic taste ; a speciflo gravity of 1 06 to 1 15 , boils at about 260° ; dissolves 
slightly ill water, easily in .alcohol, ether, and acetic acid; still more easily in alkalis, 
forming a solution which gives a white precipitate with basic acetate of lead, a blue- 
gteen liquid with feme chloride, and reduces nitrate of silver when heated with it. 
(Hirzel,) 
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'WOUIiZ'E'S APPARATUS. Ad apparatus consisting of a series of three- 
neeked bottlesioonneoted by suitable tubes, and used for washing gases or saturating 
liquids therewith. 

WRIOHXms. A basic substance obtained from the bark and seeds of 
WriglUia ontidysmUeTioa {Nenum antidysmteruyu/m, L ), an apocynaceous plant indi- 
genous in India and Ceylon. To prepare it, the pulverised seeds are treated with car- 
bonic disulphide in a “displacement-apparatus, to remove a fat-oil, then dried and 
eidiauated with hot alcohol , the eitract, freed ftom alcohol hy distillation, is digested 
with ii small quantity of dilute hydrochloric acid , aud the evaporated filtrate is mixed 
with ammonia or sodic carbonate, which throwj down a copious flocculent precipitate 
consisting of the impure base. 

Wrightine, after washing with cold water, forms an amorphons powder, insoluble 
ill other and in earbonio disulphide, soluble m water and alcohol, and especially in 
dilute acids, with which it forms unerystallisable salts, having, like the base itself, a 
persistent hitter taste. The acetic acid solution is prempitated by tannic acid , the 
hydrochloric acid solution gives flocculont precipitates with platimc, auric, and mercuric 
chlondea. (Stouhouse,Pharm J. Trans, [2], v 493.) 

E Haines (tiiid. vi 432) states that he obtained the same base from the hark of 
Wriyhtia iysentenoa (conessi-hark) lu 1868, and gave a short description of it in the 
TransaoUom of ilie Medical and Fhysical Society of Sombay (now series, iv. 88) He 
proposes to call itoonessine, and calculates, from the analysis of the free base and 
Sf the platiniun-salt, the foimulse and 

WirZiTER'ITXl. Native molybdate of lead, (See Moitbuenum, jii. 1089.) 

WURTZITE. This name is given by Priedel (Compt. rend. lii. 083) to a hexa- 
gonal zmo-sulphide from the silver-mme of Oruro in Bolivia, containing 66 6 per cent, 
zinc, 32'6 snlpbur, 8 0 iron, and 2'7 lead, with a little antimony and a trace of copper. 
It is isomorphous with greenockite, has a brownish-black colour, vitreous lustra, brown 
streak , hardness = 3 6, and specific gravity =. 3-98. 


X 

XANTBAitSiDE. Syn. with ethylic oxysulpbocorbamate. (See SuLPHooASBiino 
Ethebs, p. 491.) 

XASTTHAnCTIiaiaiSE, Amylic oiysnlpihocarbamate (p. 493). 

XAN'TRAM'SXXC ACXD. Syn. with amyl-disulphocarbomo acid. (See Sdl- 
PHOOABBONIO Etkbbs, p 496.) 

XAJVTHAIWYEXC ETHER. Amylic dibulphocarhonate (p. 496). 

XAMTHAW. Berzelius’s name for the group Cy*S®, regarded as the radicle of 
pcrsulpbooyanio or xanthydne acid. 

XANTHARXH, or XAHTHIE. Au Oily fetid compound, C<H"'0‘, supposed hy 
Coiierbe (Ann, Ch. Phys. [2], Ixi. 226) to be produced by the dry distillation of xan- 
thio ether. 

XAHTHAZARlir. A yellow colouring-matter, produced, according to E. Kopp 
(Jnhresb. 1864, p. 816), by the action of nitric acid on the black residue obtained in 
prepiirmg pure alizarin from Ins green alizarin (see Maddbb, in. 749). It is slightly 
soluble in water, easily in alcohol, ether, and caustic alkahs. By heating with reduc- 
ing agents, it is converted into a crimson substance. 

XAHTHEXir. The name applied hy ErAmy and Cloez to that portion of the 
yellow colouring-matter of fiowers which is soluble in water (See Fiowims, CoiouEa 

OF, ii. 668 ) 

XANTHEEEIirE. Zeise gave this name to an oil (identical, according to Debus, 
with etUyl-disulphooarbonio suLpbido, i. 499), produced, together with eu^ua xan- 
thiite, by precipitating potassie ethylsulphocarbonate with a cupric aalt. (Handw d. 
Chem 2‘« Aufl i 260.) 

XAHTHBIirB. Volckel, by heating persulphoeyanic acid to about 160°, obtained 
a peculiar body, C’H'N'S’, which he regarded as a sulphide of xanthene, CffN* , it 
waa probably only a mixture. 

XAHTHIC ACIB. Syn with ethyl-dianlpliocarbonic acid. (See Sumhocahuomc 
Bthbus, p. 498.)' 
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X&NTHIC ESTHERS. KtUylic lanthate or disulphoearbonate (p. 500). 

XAHTHIC OXIDE. Syn. With Xamthinb. '■ 

XHWTHIDBS. Syn with PEnstniPHOCTANATES (it. 379). 

XAHTHH.. Syn with Xanthaein. 

XANTHllir. Tins nams has been applied to more than one substance . — 1. By 
Frdmy and Cloez, to that portion of the yellow colouring-matter of flowers, whicli is 
iuBoluhle in water (ii GG8); — 2 By Sohnnek and Higgin, to the yellow eolourlng- 
nintter obtained by Knhlmann from madder (lii 743), — 3. By Couerbe, to a 
gaseous piodiiet of the decomposition of xanthates, to which he assigned the formula 
* 

XAHTKINE. C’H'N'O® Xanthio Oxide, (Mareet. Essay on the Chmical 
Sistory and Chaniccd Treatmeiit of Calculous Disorders, London, 1819. — Liebig and 
Wohler, Ann. Ch. Bharm.xxvi 340 — Gobel, Jahresb 1861, p. C04 , 1862, p 712. 
— :Sah6rer, Ann. Oh. Pharm. cvii 314 , cxii. 267, 275, 279 , Jhhresb. 1868, p 646 , 
1869, p. 6ok — Strecker, Ann Oh Pharm cviii 141, cxviu. 151, Jahresb. 1868, 
p 548, 1861, p 626— Stadeler, Ann Gh Pharm exi.28, cxi'. 102, Jahresb 1859, 
p, 603, 1860, p 679— Bence-Jones, Chem. Soc Qn J. xv 78— Alm4n, Jahresb 
1862, p 634.— Strecker and Bheineck, Ann. Ch, Pharm. 'cxxxi. 121,)— This body 
was discovered by Marcot in a urinary calculus weighing only 8 grains Liebig and 
W ohier afterwards found it in a larger calculus weighing between 1 8 and 20 grammes , 
those are tlie only known examples of xanthine calcub Bence-Jones found in it a de- 
posit from the urine of a hoy. According to Scherer, xanthine is a normal constituent 
of the human body , he has found it in the imne of man, in the pancreas, spleen, and 
liver of oxen, in the thymous gland of the calf, the muscular flosh of the ox, horse, and 
of fishes , also m the spleen, in a case of tumour of that organ , and m the human liver, 
in acute yellow atrophy. In tho muscular flosh of the horse it exists to the amount of 
()'0026 per cant., together withliypoxauthmo or sarome j in the pancieas to the amount 
of 0 0166 per cent,, together with gunnma , in tho spleen, liver, and brain, together 
with uric acid Alinen fonnd 0'02 iier cent, ianthine in ox-liver Aooordiug to 
E, Diiir (Jahresb 1865, p 676), the presence of xanthine m human nrine is pro- 
moted by the use of sulphur-baths According to Unger and Phipson (Choni. 
Kews [1862], vi. 36), xanthine is foimd in certain kinds of guano from the island of 
Jams. 

Artificial formation. — ^Xantlune is produced • — 1. Prom uric acid, from which it 
differs by 1 at. 0, by the action of sodium-amalgam (Eheineck). — 2. Prom gnanine, 
from which it diflfers by NH, by the action of nitrous acid (Strecker) . 

2C“H‘N‘0 -b 0» = 2C'>H*N^O« -h H=0 + lir^ 

Projparation . — 1 . Prom Urinary Oalctili, and from Jarvis Chiano — By dissolving the 
substance in aqueous potash or airunorua, and precipitating with carbonic or acetic 
acid. 

2. Prom Muscular Flesh and othei Ammal Substances . — ^The substance, comminuted 
by trituration with pounded glass, is digested with warm alcohol and pressed ; the re- 
sidue IS digested for some hours with water at 50® , tho expressed hquid is mixed with 
tho alcoholic solution, evaporated, and filtered to separate albumin ; and the filtrate is 
succeesiveW precipitated with neutral laad-aoetato, basic lead-acetate, and mercuric 
acetate. The two hitter precipitates are then suspended in water, and decomposed by 
sulphydric acid, and the filtered liquid is evaporated, whereby a mixture of xanthine 
.iiid sarcine is obtained, which may he separated by solution m bydroohlorie acid— hy- 
drocbloKite of xanthihethen separating out, while the greater part of the sarome romams 
in solution. (Stadeler) 

3. Prom Giiamne . — The solution of guanine in strong nitric acid is mixed, at the 
boding heat, with nitrite of potassium, tdl a copious evolution of red fumes takes place 
A large quantity of water is then added, tlie yellow body thereby precipitated (a mix- 
ture of xanthine and nitroxanthme) is washed with water and dissolved in boiling 
carhonato of ammonia, and the solution is mixed with ferrous sulphate (to reduce tho 
mlroxanthine to xanthine), till the red-hrown precipitate of ferric hydrate at first pro- 
duced IS replaced by black ferroso-feme oxide Tho solution, which should still contain 
a large quantity of free ammonia, is then filtered, and evaporated to dryness over the 
water-bath ; the residne is treated with cold water to extract sulphate of ammonium, then 
ledissolvod m boihng carbonate of ammouium ; and the fllliate is evaporated, where- 
upon xanthine remains. 

4 Prom Urme— Tho urine is precipitated with haiyta- water , the filtrate is 
evaporated, tlie highly coneeutrated mother-liquor boiled, after addition of water, 
with cuprie acetate, the precipitate, after washing with hot water, is dissolved in warm 
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nitric add, and precipitated with nitrate of sdvtai; the washed precipitate is crystil- 
lised from ho^ dilute nitric aad , the resulting crystals are treated with ammoiiiaeal 
silver-solution, to free them from nitne acid ; and the washed precipitate is snspended 
in water, and decomposed by sulphydnc acid The filtrate, when evaporated, yields 

Properties . — Xanthine separates on cooling, from a hot saturated solution, in white 
flocks , by spontaneous evaporation in small scales It is nearly insoluble in cold 
water (requiring 14,000 pts ), and but sparingly soluble in boiling water. It is 
insoluble in alcohol and in ether. , The aqueous solution quicldy putrefies. 

Xanthine does not lose weight at 160° , at a stronger heat, a small portion of it 
subhmes undeeoraposed, while the greater part decomposes, yielding carbonate and 
cyanide of ammonium, and a yoUow oil, but no tirea. When heated in contact with 
the air, it bums with the smell of burnt hair. — By the action of sodium-amalgam 
containing a Very small proportion of sodium, xanthine is reduced to sarciue, 
C’H’N'‘0, this base being in fact produced, together with xanthine, by the action of 
sodium-amalgam on uric acid (p 1060) 

Gombinatwne. — Xanthine unites both with acids and with bases, forming for the 
most part cryataUisable compounds, which are moro soluble than xanthine itself. — ^The 
hydrooUorate, C“ff N*0-.I1C1, forms nodular groups of small sillcy crystals Its aqueous 
solution mixed with platimo oUonde deposits yellow needles of a double salt —The 
mil ate separates from a solution of xanthine in warm moderately strong nitric acid, 
in yellow warty masses. The solution of xanthmo in nitric acid forms, with pltospho- 
mohhdxe aeid, a yellow precipitate, which dissolves in hot moderately strong nitric 
acid, and separates, on cooling, in yellow microscopic cubes (Soheror). — TWe sidphaie, 
C'H.'X'O’ H'SO* + H*0, forms thin, transparent, crystalline scales, which are decom- 
posed by water 

A solution of xanthine in aniTtumia, saturated at the boiling heat, deposits, on cooling, 
crystals of xanthine-ammonia. On boihng xanthine with baryta-waier, a sparingly 
soluble oompoiind, Ba"ff 0®, is prodneod. (Strecker.) 

A cold saturated aqueous solution of xantliino gives white precipitates with mer- 
curic chloride and silver nitrate, yollowish-green flocks with cupric acetate. The 
ammoniaeal solution of xanthine gives white precipitates with the chlorides of 
3 • 1 , with nitrate of silver, it forms yellowish-whita flocks of tho 

c ' vhich turn black on boilmg — ^f’rom a solution of xanthine 

1 brows down flocks, probably consisting of a compound of 

xanthine with silver-mtrate, which, if left in the hothquid, gradually become orystal- 
line, water abstracts nitno acidfiom them. 

Tho silver-compound of xanthine, heated with methylic iodide, yields dimethyl- 
xanthine, isomeric hut not identical with theobromine Strecker 

represents the relation between these three bases and caffeine by the following rational 
formnlse : 



SEANTHnsriWH. C<H*N’0^ (0. Binek, Ann Ch. Phaim. cxxxii. 298, 

Jahresb 1864, p 642 ) — A base produced, together with sulphate of ammonium, by 
heating thionurate of ammonium to 200° : 

C<H»(Nn')'N=SO“ = (Nff)'SO« -t- C*H’N*02. 

On boihng tho resulting mass with woter, the xanthinine remains as a yellow pow- 
der, which may bo puriflcd by solution m alkahs, precipitation with acids, and treat- 
ment with strong nitric acid. It dissolves in about 4,000 pts of boihng and 40,000 
pts. of cold water, to a light-blue fluorescent solution, which is piecipitated white by 
mercuric chloride, yellow by silvei -nitrate. It dissolves in strong nitric and hydro- 
chloric acids, somewliat more freely than in water, and separates theiefrom m 
erystallino laminfo The solution in concentrated sulphuric acid, decolorised with a 
little nitric acid, deposits sulphate of xanthmine in laminar crystals, which aro doeom- 
posod by water, with separation of white pulvemlont xanlhmino On dropping an 
ammomacal solution of xanthinine into an excess of silver-nitiato, a bulky yellow 
siLver-compound, C‘'ffN“0-.Ag'0, is formed, insoluble in water and m ammonia. 

XABTTHIxrOCARPm'. A yellow colouring-matter, contained, according to 
Ciizent(Jahrebb 1869, p. 604), in the juice which oxudos from incisions in the built 
or fiuit of Inocar2nis edulh 
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XAWTHIW-aPAB. Syn. with WTJi.FEinTB (p. 1049). 

3CAWTKITAWB. A mineral from Grroen Eiver, in Henderson cfounty, Uorth 
Carolina, probably a paendomorph after titanite. It is earthy, yellowiah-white, with 
faint lustre; brittle; hardness = 3‘6 ; specific gravity = 2'7 to 3'0. Gives off water 
when heated in a tube, and eichibits with flnxes the reactions of titanium. (Shepard, 
j, pr Chem. Bd. bcix.) 

XAKTHITB. A variety of vesuvian occuring at Amity, in the State of New York, 
ill indistinct, four-sided, prismatic crystals and crystalline granules, imbedded in 
limostoue. (Dana, ii. 199.) 

XA.B'lllBOSBllIC ACID. An acid contained, according to L Meier, in the 
root of vitlgana. It is obtained by precipitating the cold aqueous extract with 
neutral acetate of load, boiling the precipitate repeatedly with water, then drenching 
it with alcohol of 80 per cent., and evaporating the extract to dryness after addition of 
<liluto sulphuric ami On exhausting the brown residue with cold alcohol, and 
evaporating, xanthohetic acid remains as a reddish-yollow mass, having a sour taste, 
very hygrascopie, slightly soinhle in ether, easily in alcohol and in water. Alkalis 
and .dkaline earths colour it red, and form soluble crystalline salts, from wbioh tbs 
santhobetic acid is separated by stronger acids in its original state. The xantho- 
hetates of the heavy metals ore insoluble, and are obtained by precipitation. (Handw. 
d. Ohem. IX. 888 ) 

XASTTBOCBYIHCVB. The juice of Xanthochymm pioimus (formerly supposed 
to contain gamboge) is greyish-green, and contains 65'6 per cent rosin, 17 6 gum, and 
5 9 woody fibre, no volatile oil. (Christison, Ann. Ch. Pharm. Ixxvi. 347.) 

XABTKOCOBABTIC SABTS. See Oobait-bases, Amhoniaoal (i 1064) ; 
for the view of their composition proposed by 0. D. Braun, see Jaliresb, 1802, 
p, 210, 1864, p. 270. 

XABTHOCONE. Ag*AsS' 2Ag*A8S*. — ^A silver-ore from the Himmelfiivst 
mine, near Preiberg in Saxony, crystallising, according to A. Breithaupt (Pogg. Ann. 
Ixiv 2721, in rhombohcdral plates, having a brown to orange-yellow colour andiidu- 
mautmo'lustre , transparout to translucent, somewhat bntUe, hardness =2 3; specific 
gravity = 6’0 to 6 2. 

XAVTHOCYSTIIT. See Tmosiira (p. 931). 

XANTHOGBW. A name applied by Hope (J. pr. Chem. x. 2S9) to a substance 
(called “resm of flowers” byClamor-Marqiiart), which he supposed to he very widely 
ifiuaed in the vegetable kingdom, and to be turned yellow by alkalis. (Sob Plowbiis, 
CoLouas OB, ii. 668.) 

XANIHOGEiar-OIli. Zeise’s name for an oily product formed by the dry dis- 
tillation of potassic xanthate (p. 498). 

XABTBOCIiOB'IJBIir, This name was given by Scherer (Ann. Ch. Phann. 
cxii 267) to a substance which he obtained in yeUow globules, together with saremo, 
from the liver, spleen, and other organs of the animalbody; subsequently, however, he 
found tliat it was a mixture of xanthmo and sarcino. 

XAirTBOXiCIlT. A yellow colonring-matter from the seod-oapsules of Sorghum 
saccharatum 

XAWTHOIiBin. A yellow colonnng-matter obtained from the bark of Sorghum 
aacchai atum (Secard, Iticr, and J onlio, Compt. rend. xliv. 19, 141 ) 

XAXTHOnXETBYX.XC ACID. Soo SuMHOCABBOino Ethbbs (p 501). 

XAMTHOBEWIC ACID. A product of the decomposition of opiammone by 
aqueous alkalis (iv. 207). 

XAnrTHOBBBB'IC AdID. A yellow colouring-matter, of unknown composi- 
tion, produeed,_ according to Pol (E6p. Ohim. App. 1862, p 179, Jahtcab. 1882, 
p 697), by beating phenol or cresol with arsenic acid. It dissolves in water with golden- 
yellow colour, in aqueous alkalis with red colour, and forms reddish salts. The free 
acid dyes silk and wool yellow, without the aid of mordants, and the dyed stuffs may be 
treated with soap. The xanthophenates dye silk and wool red, of various shades, from 
the darkest red to the lightest rose-colour. 

XAlVrTKOFBYBXi. The yellow colouring-matter of withered leaves. Nothing 
Certain is known respecting its composition, or of tiie manner in which it is formed 
from cWorojihyU. (Sac Handw. d. Chom. 2'* Aiifl. ii. [2], 10, art. Blattgelle.) 



XANTHOPHTLLITE— XANTHOEHAMNIN. 1053 


XAKTHCJPHTMilXn. See OuHTONiTB (i. 1026). 

XAnTTKOPlCRZIf. XAnrTHOFICKXTE, These names were giTen, hy 
Ohovallier and Pelletan (Ann Ch. Phys. [2], xxxiv 200), to a yellow colouring- 
matter from the bark of Xanthaxylon oaribceum, since shown by Perrins (Pharm. J. 
Trans. [2], ir. 466), to be identical with herbenne (i. 679). 

XAHTBOPROTEIC AOID. An acid formed by the action of nitric acid on 
albumin, fibrin, casein, and horny matters. It is purified by boiling water and 
alcohol (Mulder, J pr Chem. xvi 397; xx. 362). It is an orange-yoUow, amor- 
phous, inodorous, and tasteless substance, which reddens vegetable colours. It is 
charred by heat without melting, diffusing an odour of burnt horn , forms deep red 
solutions with alkalis, and is precipitated therefrom by acids Dissolves m concen- 
trated acids, and is precipitated by water from the acid solutions m combination with 
the acid employed. These precipitates are decomposed by washing — 

Mtilder. Van dcr Pant 

(Avoraga of 11 analyses ) 

60 78 50'0 

6-60 6’3 

14-00 14-7 

.. 1-3 


Miilder considers xanthoproteic acid to be dibasic, and ascribes to it tbe formula 
Xanthoproteic acid is decomposed by boiling concentrated poto/i, yield 
ing ammonia When Monne is passed through an ammoniacal solution of the acid, the 
hquid is decolorised, and a yellow precipitate, contuiuing chlorine, is formed. 

The potassium- and sodium-salts do not crystallise , they have a fine red colour, — 
The ammonium-salt is rod, and parts with all its ammonia at 140® — The hanum- and 
caloimn-salts are rad, very soluhlo in water, and lusoluhie in alcohol and in other. — 
The banim-salt contains 12-0 per cent. BaO (Van der Pant) — Tha non- anioopper- 
salts are orange, and become red on drying. — The lead-salt forms a yellow precipitate 
becoming rod by desiccation, and contains 14 per cont.PbO. — ^Thesf(iii«--5aff resembles 
the preceding 

Neither the acid nor its salts explode by heat. 

XAWTHOPYBIXB. Syn. with InoN Pthites (lii. 403) 

XAH'TROBKAKrM'IM'. A yellow colonring-matter obtained from Persian or 
Turkey homes, the seeds of Shamnus ampgdulmus, E ohdides, E. saxatdis, and from 
Avignon grains, the seeds of I? infcetonus 100). According to Kano (Phil Mag. 
[3], xxiii 3), it has the composition and occurs only m the ripe seeds, being 

formed by decomposition of the chrysovhamnin contained in tbe unripe seeds 960) 
It 13 also produced by boiling ehrysorhamnin with water, in contact with tho air ; and 
when uni'ipe Persian homos are boiled with water for some time, and dried, they are 
afterwards found to contain, not ehrysorhamnin, butxantliorhamnm. Xanthorhamuin 
dried in a vacuum over oil of vitriol, is deliquescent, melts below 100°, and continues 
to give off water till heated to 200°, and then solidifies to a brittle mass. It decom- 
poses above 200°, dissolves easily in water and in alcohol, but is quite insoluble in 
ether. The aqueous solution is precipitated by neutral and basic qcetate of load. 
(Kane.) 

According to Grollatly (N Edinh Phil. J. vii. 262), xauthorhamnin has the com- 
position and exists ready-formed in the unripe berries. To obtain it, the 

coarsely-ground berries are boiled with alcohol, tho tincture, not too concentratod, is 
freed by standing and repeated decantation from a dnrk-broivn resin, and than left for 
some days to crystallise, and the product is purified by erystaUisation from alcohol, 
Xanthorhamuin thus obtained forms compact tufts of pale-yellow shming crystals 
containing 6 at water, which they give off without melting at 100°. In aqueous solution 
it is resimsed by bromine and chlorine. Nitric acid oxidises it, forming a red solu- 
tion which contains oxaho acid. It dissolves m strong sulphuric acid, and is thrown 
down as a yellow precipitate by water. By boiling with dilute acids, it is resolved into 
rliamnetm and glucose : 

+ SH’O = + 20*H''0“. 

Xanthorhamnin Rhainnctln. Glucoie. 

Xanthorhamuin dissolves easily in water, either hot or cold, hut cannot be sepurnted 
from the solution m tho erystaUme form It dissolves in cold alcohol, easily in boiling 
alcohol, but is insoluble in ether With aqueous alkalis it forms brown solutions, 
which become paler when mixed with acids. It forms precipitates with salts of the 
alkaline earth-metals, aluininium-salts, and stannic salts. Neutral lead-iieetate, mixed 


Hjydrogen 

Nitrogen 

Sulphur 

Oxvsren 
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■with ftu oxeeaa of alcoholic xaatliorhawimi, gives a yellow precipitate, consisting, in the 
air-dried state, of C^H-'O^PbO. Xantliorhanuun forms a black pAcipitate with 
iron-salts. It dyes fabrics mordanted ivith alumina, a fine yellow; those mordanted 
with iron, black. (Gollatly.) 

Hlasi-wetz (Ann Cli Pharm. cxi. 108) regards xanthorbamnin as identical with 
qiioroiti'iu (p. 6) and rhamnotin resulting from its decomposition as identical with 
quercetin (p. 4) This is doubted by Bolley {ibid. cxv. 65), who, however, obtained 
quercetin from Persian berries (Cbem Soe Qu. J. xin. 328), also by Gellatly 
(Chem. Hews, in. 198 ; Jabresb 1860, p. 497). 

XALXrTHOBRHffiA HESIIT. Syu -with AoAnoiD Eesin (i. 2) 

XAITTHOBTHITE, a yellow mineral from the Kullberg, near Stockholm, 
allied to ortliito or aUamtp, and containing, according toBahr (Berz. Jabresb xxvi. 
3691, 32 93 per cent. SiO-', 16'64 Al’O’, 4 21 PoO, 20 01 OeO (■with LaO and DiO), 
6 76 CaO, 0 69 YO, 216 MgO, 0’39 JlnO, 17 66 water, and a small quantity of car- 
bonic acid. 

XAKTBOSIDBitiTS. A hydrated ferric oxide, Pe'O’ 2H'0, occurring in 
acieular or fibrous eryetallino groups, neat Bmennu in the Thuringian Porest. (E. 
Schmid, Pogg. Ann. baaov. 496 ) 

XAMTHOTAWKIC ACID. The name given by Perrein (Jabresb 1868, p. 
463) to tho yellow colouiing-mattor of elm-leaves, which he regards as a tannic acid. 
The alooholie extract of veflow olm-leaves gave, when treated ■with water, a yellow- 
brown liquid, from which acetate of lead throw do-wn xanthotannate of lead, 
3Pb0.20“H''0». 

XAWXKOXtxbwjb. (Stenhonso, Pharm. J Trans, xvii. 19.)— The 

volatile oil of Xanthoxylon yipentim, Dec. {Vagara piperita, L ), the so-called Japan- 
popper. It IS colourless, strongly refractive, has an aromatic odour not altered by 
treatment ■with sodium; boils at 162°, forms a liquid compound with hydrochloric 
acid. 

xaWTBOXYiUff. (Stenhouse, Pham. X Trans, xiii. 423 , xvii. 19,)— A 
orystalhne non-mtrogenoiis camphor or stearoptene, which separates, on cooling, from 
the oil obtained by distilling tho bruised seeds of Xanthosylon pipentum with water 
It may also be prepared by evaporating the aloobolic extract of the fruit ; the crystals 
thus obtained are contaminated with losin, but may be purified by washing with cold 
aqueous ammonia, and reorystaUising from alcohol or ether-alcohol. 

Xanthoxyliu forms monocliuic crystals, having a sdky lustre, a faint odour, and a 
shght aromatic taste. It is insoluble in water, but dissolves easily in alcohol and 
ether, melts at 80°, sohdifles at 78°, and may bo distilled without decomposition. 
Nitric acid oxidises it to oxalic acid. The alcoholic solution is not precipitated by 
nitrate of silver, or acetate of lead, evon on addition of ajnmoma, 

XANTBOXYIiOll'. The bark of X. canbieum, Dum , or X. Clam Berouhs, L., 
■used in the Antilles as a febnfuge, contains, according to Staples (Phai'm, J. Trans. 
[2], iv. 899), a volatile oil, a green fixed oil, gum, and a crystaiiisablo bitter principle, 
designated by him asxanthoiylin, and regarded by Bentley {ibid ), as piobably 
identical with the xanthopicrite of Chevallier and Pelletan (p 1068) , according to 
Perrins, however, the two bodies are distinct, xanthopicrite being in fact identical 
with berberme 

The fruit of X ywpenfina contains a volatile oil, xanthoxylene, and a crystaUmo 
camphor, xanthoxylin {ind. sup.) 

XANTHITRIK', The name given by Couerbo to a liquid compound, C'H®SO^ 
winch he supposed to bo produced by the dry distillation of potassio or plumbic 
lautbate 

XABXHVSBIC ACID. Syu. with PEKsuLPHOcrAino AdD (iv 378). 

XENOIiXTE. An alnminic silicate, oecivrring at Peterhof in Pinland, in fibrous 
layers having a vitreous lustre, hardness =. 7'0, and specific gi'avity = 3'6 Con- 
tains 47'44 per cent, silica, and 62 84 alumina. (Komonen, Pogg. Ann. Ivi. 643.) 

XBNOTHVIB. Native phosphate of yttrium (See Phobphatbs, iv. 686 ) 

XBIirsri.AMIWB. O'WN MaHylamme (Hofmann, Proo.Eoy. 

Soc XU. 389 ) — A monamme isomoric with dipbenylamine, oeenmng in tho basic oil, 
boiling above 130°, which is obtained as a bye-product in the manufacture of aniline’ 
This mixture of oily bases, neutralised -with sulphuric acid, deposits impui's siilphata 
of xonylamine, winch may be piu'ified by treating it ■with boihng alcohol, orystaUiaing 
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the remaiuiiig salt from a large quantity of li6ilmg water, and again treating it with 
boiling alcohol On suspending the pure sulphate thus obtained in weak alcohol, 
decomposing it with caustic soda, and adding water, xenylamine separates in tho 
crystalline form, and may be purified by solution in alcohol, and precipitation with 

Pure xenylarame forms white shining scales or needles, having a slight grey tint 
when dry. It is but slightly soluble in boiling water, easily m alcohol and in ether , 
melts at 46°, boils at 320°, and distils without decomposition. It unites with acids, 
forming crystalhsable salts — ^The hydroohlorate, C'“II"H H.01, forms white needles, 
somewhat more soluble than the sulphate — ^Tbe oUoroplatinate, 2(C'''H‘'lfIEGl) PtCP 
H''0, is a pale-yellow precipitate, composed of microseopie needles , does not give off 
its water of crystallisation at 160° — -Tho nitrate, forms large white 

needles, moderately soluble in water — The s«lptoe,(0‘“H"ir)®,ffSO*,is distingnished 
by its sparmg solubibty in cold and oven in boiling water , it is but little more 
soliibla m boibng alcohol. Prom the boiling aqueous solution it separates m small 
needles 

Dmmtwes of Xen^lamiw. 

Xenylamine shows less tendenoy than most other monamines to the formation of 
Bubstitution-jJonvatires —With bromine, chlorine, and most oxidising agents, it yields 
black compounds, which crystaUise with difficulty, or not at all. — ^Wion mtrous aeid 
gas IS passed into an alcoholic solution of xenylamine, the hquid soon sobdifies to a 
red crystalhno mass, consisting of an azodixenylamino, or a 

double molecule of xenylamine, in which 8 at. H are replaced by 1 at N • 

4C>'“H‘'N + N»0» = 20«H'‘’N» + SH'O. 

Tbm body is insoluble lu water, slightly soluble in alcohol, freely in ether. When 
treated with acids, it yields xenylamine, and an aromatic substance not yet examined 
Siethgl-tcenylanune, 0'“H“N = obtained in aqueous solution by 

treating xenylamine with othylio iodide and silver-oxide alternately. On ov^wrating 
the solution, it orystalhses in long white needles, insoluble in water, moderately solu- 
ble in alcohol, esBily in ether; it has no alkaline reaction, melts below 100°, and 
volatilises without decomposition at a higher temperature. It forms cryatallisablo 
salts with hydrooblorie, hydrobromic, and hydriodic acids 

1 Diethyl-xenylamino is not further acted upon by iodide of ethyl.— With iodide 
of methyl, however, it yields an ammomiun-base, which has an alkahne reachon 
m the free state, and forma a oryatalhno chloroplatinate, 20'’H“N0Ut01'' = 
2(C‘“H»)(0*H»)«(CHs)NCl,PtCl'. 

XESnrx.IlKXi-BX&MCXITB. This name is given by Hofmann to bemndmu 
I N* (i. 646 , IV. 41 1), which is, m fact, related to xenylamine in the same man- 
ner as ethylene-diamine (ii, 686) is related to ethylamme. 

XESTYXEiriC AECOBOE. O^H'W = |o*. Dipimyl-cdcohol T>1~ 

fhenijlic Acid. (Griess, Chem Soc. J xx 96) — A diatomic alcohol, produced by tho 
action of water on nitrate of diazobonzidine (iv. 412) 

C‘WNb2HNO“ + 2H^O » + 2HNO’ + 2N*. 

It ciystalliBos m small white or slightly coloured plates or needles, slightly soluble in 
water, freely m alcohol or ether It melts when heated, and may be subhmed by 
cautiously beating small quantities of it in a test-tube It dissolves easily m potash, 
and is precipitated therefrom by acids Strong aqueous ammonia also dissolves it. and 
the solution gives a white bulky precipitate with acetate of lead Strong nitric acid 
converts it into a nitro-aeid, which orystalhses in yellow roundish crystals, and forms 
an ammonium-salt crystallising m long needles. 

XEEASITE. A decomposing lava-mass containing hornblende, feom Vesuvius. 
XIEITE, Syn, wath XmrrB. 

XlEOPOIi. Syn. with Xtiopol. 

XUIHEWB. The sulphide of this radicle, C“E’H'S®, was supposed by Volckel 
to be produced, together with several other doubtful compounds, by the decomposition 
of persulphoeyauio acid (iv 379). 

XVEEHE, or XVI.OE, C“H‘“ = Simethyliensene, C"H*(CH")=, isomeric with 
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Mhylhmuem. C®H*(C“H‘). — This hydrocarbon, homologous with benzene and toluene, 
■was first obtained in the pure state from coal-naphtha by Hugo Muller (Zeitsohi 
Ch. Pharm, 1861;, p. 161), its tnnitro-compound hamng been previously prepared 
from Burmese naphtha by Warren De la Eue, ondHugo Muller in 1866 (Proc 
Eoy. Soo viii. 226). It was afterwaids prepared in larger quantity from coal- 
naphtha, and further examined byBeilstoin, ‘Wahlfores, and Rossi er (Ann 
Cln Pharm. cxrxiii. 32, Juhresb. 1864, p. 629).— -Fittig, in 1884 (Ann. Ch. Pharm. 
exExiii. 47), showed that it may be formed synthetically, as dimethylbenzene (methyl- 
benzyl). 

Xylene bad been obtained, mixed with toluene and other hydrocarbons, several 
years before it Was completely isolated. The hydrocarbon (boilmg at 128° — 130°), 
obtained by Cabours(Oompt rend xxx. 819), and by Vdlckel (Ann Ch Pharm 
Ixxxvi. 336), was evidently a mixture of xylene and toluene ; so likewise was the so- 
called xylene (boihng at 126 2°), proparecl by Church (Chem Soc. J. xiv. 62) from 
coal-naphtha. Hearly pm’e xylene had previously been obtained from coal-napbtba by 
Mansfield, Bitthansen, and Hilkonkamp; but they regarded it as cumene. The 
hydi'ocarbon, boiling at 146° — 148°, and likewise described as cumene, separated by 
Oahoura (Ann. Ch. Pharm Ixxvi. 286) from crude wood-spirit, and the so-called 
retinyl, boiling at 160°, obtained by Pelletior and Walter {ibid xxiii. 160; 
xxviii. 297), from the distillation-products of the resm of I’lnus mantima, also con- 
sisted mainly of xylene. Lastly, tho hydrocarbon called petrol (iv, 383), found by 
Bnsaeniiis andEisenstuok in the petroleum of Sehnde near Hanover, is evidently 
identical with xylene. 

Preparation — 1. Prom Coal-naphtha —Light coal-naphtha, or (better) the least 
volatile portion of that which has been distilled off in benzene manufactories (boiling 
at 130° — 160°), IS subjected to repeated fractionol distillation, to separate the portion 
which boils at about 141° , this portion is sh.ikon up with oil of vitriol containing a 
littlo fuming sulphiu’io acid, which dissolves ths xylene as xylene-sulphurio acid, 
leaving nndisBolved a small quantity of a hydrocarbon of the marsh-gas senes (proba- 
bly C"’H“’, boiling at 161°), and of another having the composition of turpentine , 
the xylene-Bulplinric acid is decomposed by dry distillation , and the xylene which 
passes over is purified by washing, drying, and distillation (B e 1 1 s t e i n ) 

2. By syn thesis. — By the action of methylic iodide and sodium on monobromo- 
tolnone (Pittig) • 

CWBr.CH‘ + CHH -t Na« - NuBr Nal + C“H*(CH«)’‘. 

Bromotoluens. Xylene 

Properties and Reactions — Xylene is a colourless liquid, having n very faint odour, 
different from that of benzene Specific gravity = 0 86 at 19° Boils constantly at 
189°. According to Warren (Jahresb. 1865, p. 614), its spociflo giwity is 0 8780 at 0", 
0‘866 at 16° ; boiling-point (corrected) 139 8°. By oxidation with potnssio bichro- 
mate and snlphuric acid, it yields terophtbaUc acid, C*H®0< , dilute nitric acid con- 
verts it into the intermediate product, toliiie acid, C“H‘0®: 

C»H‘» -r 0« = C'H"0« + ffO. 

C«H‘» + 0* = C«H”0‘ + 2ffO. 

Probably, in the former case, tolrae acid is first formed, and then fnxtbsr oxidated to 
terephthaho acid ; in fact, toliiio acid is actually transformed into torephthaho acid by 
oxidation with chromic acid. (Beilstoin end De Scheffer, 'Zoitsohr f. Chem. 
1865, p. 212 ) 

Xylene, passed in tho state of vapour through a rod-hot tube, is resolved into a mix- 
ture of several hydrocarbons — ^viz., benzene . toluene ; a hydrocarbon, 0“H*, probably 
styi'olene , naphthalene; liquid hydrocarbons boiling between 260° and 320° , anthracene, 
C‘ 'H‘". and probably its higher homologues , and, lastly, orange-coloured hydrocarbons 
of resinous and bituminous consistence, analogous to chrysene, benzerytbrene, &e. 
The formation of those products may be represented by the foUowiiig equations ■ 

C»H’» - H“ = G»H“ 

Xylene. Styrolene. 

3C»H'« =. 2C'H« + C‘“H» + 3ff. 

Xylene. Toluene. Nnphtha- 

The anthracene, C^H'", is produced by the dehydration of toluene. (Bertbelot, 
Bull Soc. Cbim. 1867, i. 227 ) 

Stbylbenzene, 0“H®C*H". — This hydrocarbon, isomeric with xylene, is pro- 
duced by the action of sodium on a mixture of monobromobenzene and ethylic bromide. 
It IS a colourless mobile liquid, veiy much like toluene, and boiling constantly at 133°. 
By oxidation with potassic bichromate and sidpburic acid, it yields benzoic acid. 
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Derivatitiea of Xylene. 

The dilopine- and bromine-derivatives of xylene have not hoeu much invesfagated. 
Theoretically, they should exhibit isomeric modifications, similar to those of the to- 
luBno-dorivativos (p. 852), but in greater number, inasmuch as iqilene contains two 
atoms of methyl, wnoreos toluene contains only one. Thus there should ho two xylylio 
cldorides corresponding to benzyloliloride, the one being i^omene with monoehloro- 
xyleno, the other with diehloroxylene , thus — 

Monoehloroi^lene, C“H“01 1 isomeric with O'ff J cH®01’ 

Diehloroxylene, CffCl’’ I „ „ G"ff | second chloride. 

Prom experiments by Korner, it appears that both tlioso chlorides are produced when 
xylene is treated with chlorine at the boiling heat. 

Bromo-xylenea, (EichoandB4rard,Aim.Gh Pharm. cxxidu. 63 — Beilstein 
and Wahl for as, ibid. 48. — Fittig and Ernst, Zeitachr Ch. Phatm 1866, p. 672 ) 
— When hromino is made to flow slowly into xylene, a largo quantity of hydro- 
htonuc acid escapes, and the colour of the bromine disappears almost immediately. 
On shalaiig up the product with potash-ley, distiUmg over caustic potash (bast with 
addition ora little alcohol, to prevent poreuasiva ebullition), and purifying by fractional 
diatiUatiou, inonobromoxylene, d'H^Br, is obtained as a colourless hquid, of 
specifle gravity 1'835 at 20°, boiling at 212° (Walilforsa), at 203°— 204° (Fittig 
and Ernst), at 203° (KekuU). Its vapour does not excite tears. 

The more highly hrominatod derivatives of xylene are produced in small quantity by 
the process just desonhed (Kekuli). Eiche and B6rard, by treating xylene with 
hromino for several days, obtained an oily product, which was converted by nitric acid 
into a orystallisablo nitre-compound, 0*H.'Bt*(NO'‘) ; the bromino-componndwas there- 
fore tribromoxylene, C®ffBr®. 

Ethylbenzene is slowly attacked by bromine, forming monobromo-othylbenzene, 
which is a liqmd boihng at about 200°. When heated with bromine to 100°, it yields 
more higlily brorainated compounds, whiebaro aEo liquid, (Fittig, Ann. Ch. PJiarm, 
exxxiii 226.) 


Chloro-xylenes. (Hollemann, Zeitsohr.f.Chom. 1866, p 564;Jahreab 1866, 
p 664.— Vollrath, Zeitaohr. f Chom. 1866, p. 488 , Jahresb. 1?66, p. 606. — Lauth, 
and Grimaux, Bull. Sec. Chim 1867, i. 233 ; Ami. Ch. Pharm. cxlv 116 ) 
Monoohloro-myleno, 0‘H“01(CH’)*, has not yet been obtained, hut the iaomerio 
eompound, toluylio ohloride, or chloride of toluyl, is produced 

by the action of chlorine on xylene at the boiling heat (Vollrath, p. 870), or by 
passing chlorme-gas into vapour of xylene, and subjecting the product to repeated frac- 
tional distillation (Lauth and Grimaux). It is a clear colourless hquid, which 
excites a copious flow of tears , boils between 190° and 196° (Lauth and Grimaux) , 
at 193° (Vollrath). It preoipitiites a solution of sdvcr’nitrato even in the cold, and 
when boiled with acetate of silver, yields chloride of silver and acetate of toluyl 
(p. 869) Heated for an hour with ^ mol. niirate of lead and 6 or 7 times its weight 
of water, it is converted info toluic aldehyde, C®H“0 (Lauth and Grimaux). It is 
decomposed by sodum, yielding toluyl, (C“H°)’, and when treated with oyamde of 
yotassimn, in presence of alcohol, it yields alphaxylyhe acid, (Vollrath.) 

Vichloro-xylene, C®H"CP = C'ffCp|^„ is produced by passing chlorine, 
nearly in the quantity required by theory, into xylene containing a small quantity of 
iodmo, and purifying the product by fractional distillation. It crystallises in white 
laminiB, molts at the heat of the hand, andhoilsat222°, dissolves easily in alcohol and 
in heiizeuo. It does not exhibit double decomposition with acetate or cyanide of po- 
tassium, even at 120 ° — Sodium attacks it readily, producing a soUd hydrocarbon, not 
yotex-amined (Hollemann.) 

The same or an isomeric compound is produced, together with the monochlorinated 
compound, in the process just described, and is deposited in the soUd form whau the 
portions of the crude product which distil over between 230° and 240°, and between 
240° and 250°, are cooled by a fiieezing mixture. It may ha purified by pressure, and 
crystallises by slow evaporation &om a largo quantity of ether, or a mixture of ether 
and alcohol, in rather large, truneparent, ahining cryataE It melts at 100°, and sehdi- 
fies to a radiate mass on cooling; distils between 240° and 246°, homg for tho most 
p,irt decompoaed at the same time. (Lauth and Grimaux ) 

TrichloTO-xyleni, G“H'C1“, is easily produced bypassing chlorine into xylene 
Von V. 3 Y 
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mixed mtli wdme, till tho mass becomes solid It boils at 254°— 260°, aijd forms white 
sdky ueodlea, easily soluble in warm alcohol and benzene, sparingly in the same liquid 
when cooled (Hollemann.) 

Btliyl-xylene, = C!»H»(C=H“) C«n»(CH»)^(Cm»), is produced (l,ko 

elhyltoluone, p. 867) by the action of sodium on a mixtm'o of monobromoxylono and 
othyhe bromide. It is a liquid having a speeifle gravity of 0-8783 at 30°, and boiling 
at 183°— 184°. Wlien warmed with nitioBulphurio acid, it IS oouTorted into a trini- 
too-compoiind, crysUUising from alcohol in needles, and melting at 119°. By oxida- 
tion with chromic acid, it yields an acid resembling toroplithalic acid, but more easily 
soluble in alcohol. (Bi ttig and Ernst, Ann. Ch. Pharm oxxxix.,184 ) 

Methyl-xylene, G»II>* = C“H"(CH;“) = C«H;»(CH;»)8, prepared in liko manner, 
holla at 165° — 168° and unites with a small quantity of bromine (with evolution of 
hydrobromio acid), formmg a solid bromide, which crystallises from, alcohol in laminie, 
melts at 73°, and is identical with bromide of cumene. The barium-salt of tho aiil- 
pho-aoid of methyl-jgrlene reacts also exactly hke cumene-sulphate of barium. (Eittig 
and Ernst.) 

Witro-xylenes. (Ilnller, Zeitschr. Oh. Pharm. 1864, p. 161. — BeiUtein, Ann. 
Oh. Pharm. oxxxiu. 46. — Pittig, ihid. exxxiu. 48.-r-&liuzor and Pittig, ibid 
rvTfrvi. 307. — Denmolandt, Zaitsohr. f Chom. 1866, p. 21.)— Whon xylene (either 
from coal-naphtha, or prepare synthetically) is dissolved in cold fuming nitric acid, 
and water is added to the solution, a heavy oil separates out, consisbug chiefly of 
raononitroxylene, but often depositing crystals of dinitroxylene after long standing — 
MonomtromyUne, C*H'(NO’), is a hquid, and when pure distils without decompo- 
sition ; on distilling tho crude product, however, explosive decomposition takes place 
towards tlie end, arising from admixed dinitroxylene Moaonitroxylone boils at 240°. 
(Doumolandt) 

Binitrc-xyUne, 0*H*(KO^)°, is solid, and crystallises from dilute aleohol inhighly 
lustrous crystals, which melt at 93°. From syuflietieally-prepared xylene, Fittig and 
Q-hnzer obtained, together with tho dinitroxylene just dosorihod, an isomeric modifica- 
tion, melting at 123 8°. 

Tr a, C®H’(NO’)“, is easily produced by the action of a mixture of 

nitnoand erdphurio acids upon xylene, by prolonged contact at ordinary temperatm-es, 
mors quickly when heated. It is solid, and slightly soluble in cold alcohol ; from 
boUing alcohol it crystallises in needles which melt at 177° (Beilstein). By tho 
action of reducing agents it is converted into dmitroxylidlno or nitroxylene-diamino 
(p. 1059). 

The compound 0‘H’(NO’)*, described (iv. S82)_ as inmtropetrol, melts at 162°. 

By the action of nitrosulpWio acid on synthetically-prepared xylene, and on the two 
modifications of dinitroxylene, Ghnzor and Fitbg obtained oiystaUisablo tnnitroxyleuo 
mcltmg at 187°. 

Ethylbenaono, C"H’(0*H‘), dissolves easily and with molont action in cooled 
fuming nitiio acid, and water added to tho solution throws down mononitro- ethyl- 
benzene, 0'H‘(1I0*), which distils -without decomposition at 233°. At ordinary tem- 
peratures the nitration does not proceed any further , but on warming the hq^uidj or 
on dropping ethylbenzene into a warmed mixture of 2 vols sulphurio and 1 vol. nitric 
acid, and adding water, dinitro-ethylbenzene, 0"H“(1I0')^ separates as a non-dis- 
tillable oil. This compound, boiled for an hour with mtrosulphui-io acid, is couverted 
into trinitro-ethylbenzene, C“JS'’(IIO’“)’, which is also a nou-distillablo oil. 

Azo-xylene, C“II“N, or 0’“H“1J“ — Produced by the action of soduim-amolgam on 
nitroxylene Orystallises m brick-rod needles, which melt at 120°, and volatilise 
without decomposition. If_ the treatment -with sodium-nmalgam be further continued, 
colourless crystals are obtained, which dissolve very easily in alcohol and ether, and 
sublime even when the ethereal solution is evaporated they probably consist of hy- 
dro-azoxylene, (Werigo, Zeitschr. f. Ghem. 1864, p 723 ,- 1866, p. 812 ) 

3tVI.EIirE-I>IAMIN&. Syn. with X-n.TLEini-l)iiJninii (p 1061). 

XVI.BIirE-SVZ.PG[OCKEOBXSE. 0'‘H»SG10» = 0*^(0^)^ SO“Gl. (Yssol 
de Scheffer, Zeitschr f. Chom. 1866, p 360 ) — This compound is obtained, as a yel- 
low non-distillable oil, by tntnrating xylene-suliiliato of sodium ivith pentachlonde of 
phosphorus, warming tho mixture, and pounng the product into water By the action 
of zinc and sulphuric acid, it is reduced toxylene-snlphydi-ato, when treated in ethereal 
solution with sodium-amalgam, it is convorted into xylene-sulphurous acid. 

X'VI.EHE-SVEFBITBXC ACIE. C“H‘"SO' = O'H" SO>H = C“H=(Cff)-. 
SO®H. Xi/lolsidphuric Acid. SnlphoxyMk Acid XyhjhuVphurmis Acid (Church, 
Jahresh. 1855, p. 034 — Boilstein and Wahlforss, Ann. Ch. Pharm. cxxxiii. 38 
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ITittig and Glinzar, ibid, cxxxvi 306.) — This compound (partly deseribad as xylyl- 
Bulphurous acid, p. 806) is produced by tho action of strong aulphurie acid on icj'lene , 
if tho mixture be warmed in the wuter-bath, and feequently shaken with fuming sul- 
phuric acid, the action is quicker. 

Xyleue-siilphi '' f extremely soluble m water’ by dry dis- 
tillation it yields - IS easily soluble in water and m alcohol, 

and crystallises — ^Tho hanwm-saLt, C“H” lla"(SO“y' 0, 

forms spherical groups of shining scales, very soluble in water, and giving off their 
water of oryatallisation over oil of vitriol. — Tho oalcmm-, lead-, and copper-adts ara 
very soluble m water and in alcohol. 

' ’ ’ ’’ ■ G“H»(NH’)SO«H=.C»H?(NH“)(CH»)'SO»H— 

‘ained by heating sulphate of xyhdine wiUi sulphuric acid. 

1 aqueous solution m needles, and is so sparingly soliiblo m 

water that it may he precipitated from its salts — The hanuni-sdlt forms nodules 
ea.sily soluble nr water (Denmelandt, Zeitsehr f. Chem 1866, p. 22 ) 
Xsri.BWB-SVI.PHtlS.OUS aciB. C“H'»SO» = C^ffSO^H = C*H»(CH®)^ 
SO® — A'nsoid iinoryatallisahlo oil, produced by the action of sodium-amalgam on an 
ethereal solution of xylene-snlphoohJoride. (Otto, Zeitsehr f Chem. 1866, p. 683 ) 
XVIiBWrE.ST;i.I>HYDRATB, C"H'“S = C'H'.SH =. C«H»(Cn“)» SH Xp- 
lolivlphydnite Xi/l^lsul^h>/draie Xylylw Mercaptan (Yssol de Scheffer, 
Zeitselu’ f. Chom, 1865, p. 360.)— Pioduced by tho action of zino and sulphuric acid 
on xyleno-sulphouhloride It is a colourless, strongly refrnctmg oil, insoluble in water, 
soluble m alcohol and in ether. Boris at 213° — ^Its tnercury-compomd crystaUises 
from alcohol in wlute scales having a eilky lustre — Tho lead-salt is precipitated from 
alcoholic solutions as a powder of a fino yellow colour. — The copper- and silver-salts are 
pale-yellow unstable precipitates. 

XyleuQ-sulphydrate is strongly attacked by bromine and by peutachlorido of phos- 
phorus, probably forming disulphide of xylene 
XYBEKTYIi. Syn with Xtuvi, (p. 1061). . 

xyi.enyi.aim:inb.( „ „ -v-— 

f Syn. with Xylidihb. 

XYXiZBATCinrE. S 

XYXiXBZiS'S. = C®H''(NH’*). Amuloxylenc Amido.rylol (Church, Phil. 

Mag [-1], lx. 266 — Denmelandt, Zeitsclir f. Cljem 1866, p 21 ) — This base, homo- 
logous with aniline, tolnidine, and cnmidine, and isomencwith ethylnniline, dimethyl- 
aniliiio, and coUidiiio, is produced by the action of sulphide of ammonium, ferrous 
acotatc, or stannous chloride on mtroxylene "When this nitro-eompoimd is treated 
with tin and hydrochloric acid, the whole sohdifies on cooling to a crystalline mass, 
consisting of a compound of hydrochlorate of lylidine with stannous chloride, which, 
by reorystalhsation from strong hydrochloric acid, may be obtained in large scaly 
crystals By decomposing this compound with suiphnrottod hydrogen, and evapo- 
i-iting the flltratg, crystallised hydrochlorato of xyhdine is obtained, which forms an 
e.isily dooomposible double salt inth platinie chloride. 

Pree xylfdine may be obtained by distilling the hydrochlorato with dry socla^or 
(better) by reducing mtroxylene with iron and acetic acid, and distilling the product 
with excess of soda-icy. Tho base thus obtained may be combined with hydrochloric 
acid, and precipitated by potash from this salt, after it has boon purifled by roeryatal- 
lisiitiou. 

Xyhdino is a colourless liquid, heavier than water, and boiling at 214° to 216° 

Nitrate of sylidme crystallises in white silky laminse , the sulphate and oxalate are also 
crystaUisahle. 

JDimtro.rylidine, C“H’(NO^MilII’‘, is produced, together with nitroxylyleno-dia- 
mine (p 1061), by the notion of ainmonium-sulphide on timitroxylene (B oils torn, Ann 
Ch Pliarm oxxxiii. 46). It is identical with the yellow base obtained by Bussemus and 
Eisenstuek as a bye-product in tho reduction of tnnitroxylene (trmitropotrol) from 
tho petroleum of Sehnde (iv. 382, footnote) On dissolving out the nitroxyljlene- 
diamino with dilute hydrochloric acid, the dinitroxyhdine remains behind, and must he 
freed from sulphur bji reorystalhsation from alcohol. It is yellow, insoluble in water, 
alkalis, and dilute acids, solnhle in hot concentrated acids ; but is separated, in tho 
pulverulent form, from these solutions on addition of water. Prom aleohohc solution it 
separates, by very slow cooling, m noedle-shaped crystals, which molt at 191° — 192° 
XYX.ZBXKE-SUX.9HVRZC ACXS. Syn. witli AMiDoxTi,]3mi-autPHnBio Aoni. 
XYIiXTB. This name is given by Hermann (BuU. Sec. d Se nat. de Moscoii, 
i 247) to a mineral containing 44 per cent. SiO', 38‘22 Pe®*, 6 1 CuO, 4 8 MgO, 
0’"68 GiiO, and 4 44 water, forming finely Abrous masses resembling moiintein- wood, of 
specific gravity 2 935 
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XYLITE— XYLOIDIN. 

XYIiIXE of Weidmftnn and Sehweizer Syn. Tunth Lignonb (iii. 604J. 
XVIiOBAXiSAinvM. The commercial name of the odonferouB wood of Amyris 
gikadenats, which yields Mecca holsam (i. 496). 

XYI.OCHI1OEBIC ACID. A term applied , by Fordos (Compt rend. Ivu. 
60) to the green colouring-matter of decayed wood, which may be extracted by chloro- 

XYDOCHIiOKE. A mineral found in a fossil tree-stem from the volanio tufa 
near Hueavik in Iceland, forming olive-green quadratic pyramids, and containing 
62'07 SiO-', 1 64 APO^ 20 67 CnO, 0-33 MgO, 3-4 FeO, 0 56 Na’O, 377 K-'O, and 
17'14 water (Snrtorius v. Waltershauson, Vulcan. Gest. Islands, p. 297). 
Kenugott (J. pr Chem. Ixxxix. 456) has shown that it is an altered form of apo- 
phyllite. 

XYZiOCBYPtriTD. A mineral apparently related to Scheererite, occurring in 
yellow waxy crystalhne partides on bgnite. (Becquerel.) 

XYZiO'xD. Lowig’s name for the radicle xylyl, C'H*. 

XYDOIDIC ACID, See the next article. 

XTIiOIDIIjr. C“H”NO’ =. 0“H’(N0®)0*. Fyromm. Hitramidin. Uksflonve 
Starch. (Braconnot, Tinn Oh. Phys. [2], lii. 290.— Liobig, Ann. Ch. Pharm. vii 
249 — Payon, N. Aon Sc. nut Bot x. 161.— Pelouze, Oompt rend vii. 713 ; xxiii. 
890.— Gladstone, Mem. Chem. Soc. in. 412.— Boiiijs-Ballot, Ann. Ch. Pharm. 
xlv. 47.— B6chnmp, Ann Ch. Phys. [8], xlvi. 338; liiv. 311.— Gm. xv. 106.)— 
This compound, discovered by Braconnot in 1833, ie produced by the action of strong 
mtno acid upon starch To prepare it, starch is triturated in a thick porcelain mortar 
(to prevent rise of temperature) with 6 to 8 pts of fuming nitric acid, tiU it is reduced 
to a transparont semifluid mass, without evolution of gas ; and 20 to 30 pts of water 
are then added, whereupon the xyloidin is precipitated as a white granular mass, 
while a small qaaiitity of starch remains in solution. If the action of the acid be too 
much prolonged, the liquid becomes coloured, nitric oxide is given off, and no precipi- 
tate IS obtained on subsequent addition of water . but the liquid then contains a deh- 
quoscontuncrystAlhsablo acid (called xyfoidw acid, but probably identical with saoehano 
acid) (Pelouze, Bdehamp.) 

To purify the xyloidin, it is issolved, after washing and drying, in a mixture of 
10 pts glacial acetic acid, (C’H'O®), and 1 pt. of the dihjdrated acid, (C®0“.2H''0), 
and the solution is filtered and evaporated. 100 pts. starch thus treated yield from 
128 to 130 pts. ofiyloidm. (Bdehamp.) 

Xyloidin is a white, inodorous, and tasteless powder, which does not redden litmus. 
It is insoluble m water, alcohol, ether, chloroform, ethylio acetate, acetone, and ben- 
zene I dissolves in glacial acetic acid to a thick mucilage, more easily, acoording to 
Bdehamp, on addition of ^ of the dihydrated acid ,> the solution coagulatos on addi- 
tion of water In boiling water, xyloidin cakes Uigothor without dissolving. 

Xyloidin when struck decomposes with detonation, but not so violently as gui- 
cotton. It melts when heated, and takes fire at 180°, burning brightly, and leaving 
a carbonaceous residua. Gladstone found that a sample which had been kept for six 
years, decomposed suddenly, with evolution of gas containing a large proportion of hy- 
drocyanic acid, and after some weeks a somewhat tenacious residue remained behind. 
Bromine does not act upon xyloidin . — lodim colours it yellow. — Strong iwino acid 
dissolves it, with decomposition, after some time — Strong sidphimo acid dissolves it with 
bl.ickening, and on addingwater the xyloidin separates out , dilute aulphune acid does 
not dissolve it. — In strong h/droeUono acid it dissolves without decomposition, aud 
IS precipitated by water in its original state. — ^It is partially dissolved by potash.— 
Ferrous salts decompose it, with evolution of nitric oxide and production of soluble 
starch : 

2C‘ff(N0=)O'' + BFeCF + H’O «= Fe’O’ + 2Fe’Cl” -t 2NO + 2C“H'“0». 

The starch may ho precipitated from the resulting solution by alcohol, and thus 
obtained in a state of purity. 

SduMa Xylotdm, Isoxyloidm, or Isouitrarmdm.—Va.\a modification of xyloidin is 
obtained by treating starch with excess of strong mtno acid (10 to 12 pts.), preoipi- 
t itmg the y. How gummy solution with water, dissolving the di'ied precipitate in ether- 
.ilciiliol, and evaporating the filtrate. The product thus obtained resembles xyloidin 
111 composition, and in many of its properties, but is distinguisbed therefrom by being 
perfuotly sulnble in pure alcohol, wood-spirit, acetone, ether, a mixture of ether and 
alcohol, and in othybe acetate , in alcohol of 96 per cent, it is insoluble. (Bdchamn 
Alin Ch Phys. [3], Ixiv 320 ) , 

Ultra xyl Old, in, or Binitramidin, C“H«(NO’)*0®, is produced, also in a moie 
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solubla and less soluble modifloatiou, by tho action of strong aulphurio acid on xyloidin 
or ieoxyloidin. To prepare it, 1 pt. of d^y starcU is dissolved in 12 pts fuming nitric 
acid, and the solution (filtered, if necessary, tlirongh pounded glass') is placed in a freez- 
ing mixture, and qunily mixed witli 8 pts. oil of vitriol , the soft ■white mass thereby 
sppai'ated is quickly mixed with a large quantity of cold water; and tho product, whicli 
IS a white powder rosembhng xylo'idin, is well washed, and dried in a hot-air chamber. 
This product is chiefly a mixtoe of nitroxyloidin and isonitroxyloidin, which may be 
separated from one another by digestion with alcohol of 96 per cent , first m tho cold, 
then at 40°, whereby the isonitroxyloidin is dissolved, and the nitroxyloidin remains 
bohind. 

Nitroxyloidin is a white easily pulvensed mass, which decomposes much moie readily 
than xyloidin, and is reduced by ferrous Halts in the same manner as the latter, yield- 
ing soluble starch It is insoluble in water and in alcohol, but soluble in pure ether, 
and m aloohohsed ether ; soluble in glacial acetic acid, but insoluble in a mixture of 
the glacial and dihydrated acid, exhibiting, in this respect, exactly the opposite relation 

Isontiroxyloidm is ineoluhle in water, soluble in alcohol of 96 per cant., dissolves 
with difficulty in ether, but easiljr m a mixture of ether and alcohol. It is oven moro 
prone to spontaneous decomposition than the loss soluble modification. 

XYIiOXi. Syn, with Xitlenb. 

XlTKOIiItra. Syn. with mountain-wood, or ligniform asbestos (i. 41S). 

XYXiOXkSVJiPHURXC ACID. Syn. With XTi,BKi<i-stiLvminia Aero (p. 1058). 

XVI.OX.BUX.PBYDRATE. Syn. with XTLBNB-3Tn.PHri)iii.TB (p. 1069). 

XYDOirBS, OBIiORZn-ATED, This term was appliedby 0oriip-Besaiiez 
(Ann Oh Pbarm. Ixxxvi. 287), to various elilorinated products, formed by treating the 
creosote of beeohwood tar widi potassio chlorate and hydrochloric acid : thoy are not, 
however, related in any way to xylene. 

XYIiOBEtFlir. C‘"H'“0. — A crystalline resin, isomeric or polymeric witli cam- 
phor, occurring in fossil pino-trunks. It is insoluble in water, easily soluble in alco- 
hol and ether, and crystallises from the ethereal solution in white masses melts at 
166° , cannot be volatilised without decomposition. It unites -with basest witlioufc 
separation of water Heated with potamum, it gives off hydrogen, and forms a 
potnssium-compoimd, which dissolves in alcohol and crystallises therefrom. 

XVIiOSTBIW. See the next article. 


XYDOSTBimc. The berries of the fly honeysuckle (Lotiieera Xi/loatmim) woro 
formerly used modicindlly as Bitcca they are said to he narcotic. Thoy coii- 

tma 86'4 per cent, water, 2'3 substances soluble in other, 6 2 soluble in alcohol, and 
2'9 soluble in water. The fresh berries yield 1 per cent, ash, containing (in 
100 pts.) 22-8 K"0, 9'6 Na’O, 23-5 CaO, 8-2 MgO, 0 8 Al»0’ and Pe’O', 4-8 SOS 
18-2 I«OS 2'9 SiO‘, 1-3 01, and 10 0 0O» (Enz, Chem. Centralbl. 1866, p. 393).— 
According to Hubschmann (Arch. Pharm. Ixxxv. 250), the berries contain 
a peculiar, non-volatilc, bitter principle, xyloetein, soluble in alcohol and ether, 
insoluble ill water. According to Euz, this body is a glucoside, yielding sugar when 
decomposed by acids. 

XYBOTIB. Syn. with Mountain-wood (i. 416). 

XYBYB. 0“H®. — A monatomic radicle, homologous with phenyl and tolyl, which 
may be supposed to exist in xylene (0*H”.H) and its deiavatives. 

XYI.Y1.AIHIIIB. This name belongs to a base, C»H»mN = C*H'' | 

(not yet obtained), related to benzylamine, C'H’ H’.IT (p. 807), in tho same manner 
as xyhdine, C“H"(Nff) >= (NH*)|^^J, to toluidino, C“HXNH=).CH» (p. 862). 

XYBYIATES. See Xylylic Acid (p. 1062). 

XYBYBBSTE. C'H®. — ^A diatomic radide related to xylyl, C^H", in the same 
maimer as ethylene to ethyl, 

XYI.YI.EKB-DIAMIWB, =(*^^“)'N^orl>^a»^t(fo-a2^&»ic,G"H«(NH^)^ 


is formed by reducing dimtroxylene -with tin and hydrodiloHc acid ; its hydroehlorate, 
treated with bromine, yields &o hydroehlorate of bromoxylylene-diamine, C'H’Br. 
(NH»)^ 


Nitroxyluleno-diamine, or Nttro-dtamidoxylane, C*H’(NO’')(10I®)^, is 
tho compound already described as nitropetrol-diaiuine, which Bussonius and 
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Eiaouehielc obtained Toy reducing the so-callod trimtropotrol wjtli sulplvde of ammo- 
nium (iv. 382) 

XTXVI.IO ACin. C"H'"0^ = CO"-H. (KekuU, Bull Son Chim 

1866, li. 47.— Hirr-el and Beilstoiu, jiirf 1867, i 345.) — Tliis acid, homologous 
uith benzoic and toluic acid3,'iB produced — 1. By the action of sodium and carbonic 
anhydride on hionioxyleno (Kokuli): 

CsH»Br + Na’ + CO» = NuBr + GoBPCO^m. 

The process is conducted as for the preparation of toluic acid from toluene (p 862), 
the bromoxylene being difiuscd through a hydrocsi'bon boiling at about 120°. — 2. By 
oxidising cumeno (0"H*')witli potassic bicbromato and sulphuric acid, or (better) -OTth 
dilute nitnc acid. (Beilstein and Koglor, Ann. Cli. Pharm cxxxmi. 317 , Jahresb. 
1866, p. 559.) ^ _ ' 

Cumene oxidised with dilute nitric acid yields first xylyho acid, and afterwards 
iusolinic acid, [C”H*0^ = C“H“(CH”)(CO-H)'‘] To prepare xylyhc acid, cumeno is 
treated with nitric acid diluted xrith twice its volume of water ; and the acid product 
18 treated with tin and hydrochloric acid, to decompose the nitro-acids formed at the 
same time, Ou distilling the product with water, xylylio acid passes over, whilo 
insolmic acid leniains behind If the cumeno cmiiloyed is not pure, an oily product 
distils over at tho same time , in that case the receiver must be changed as soon as 
orystallme xylylio acid begins to jiass over (Hi rzel and Beilstein) 

Xylylio acid is insoluble in cold water (Kokiilo) , very shghtly soluble (Hi rzel 
imrl Beilstein). It dissolves spna-iiigly in boiling water, and separates on cooling in 
white noodles , dissolves very easily iii alcohol and other (Kokul6). According to 
Hirzel iiud Boilstoin, it melts m hoiling w.itor , in tho dry state it melts at 103°, and 
boils at 273° It subhmos easily in neodkes (Kekull) Xylylic acid is quickly 
oxidised by chromic acid, and converted into insolmic acid, 0“il"0h (Hirzel aud 
Beilstein.) 

XMaic of Hnniim, (C"H'’0°)’Bn" 4H'‘0, crystallises in shining colourless Inmiiise 
— The (l.’"fl"0’)’*Ca" 3H^O, foiTOS stellate groups of shining noodles — 

Tho ct/i, y?i<i c<&r, C“H'(C®‘)0-. IS an aiomatio oil, boiling at 233° (Hirzel and 
Beilstein ) 

Alpbasylyllc Acid, C'H'W = 

Chem. 1866, p 488; Jahresb 1866, p 605 ) — ^This acid, homologous with alphatoluie 
acid (p 863), is formed by hoiling toluylio chlonde, C*H”01 (p 870), in alcoholic 
solution with cyanide of potassium, aud tlion with potash . 

C'H'jgiol + CNK + 2H*0 = KCl + NH* 4 

Toluylio chlotido Alpn.ixvlyllo 


xvx.iri.ic ACEVATa, cHEOaiEE, Ao. Syn. with Tonm,io Acetate, 
CnxonrDE, &c, (pp. 870, 871). 

XVXiVEXC AIiCOKOIiS. CWO — This formula may include several isomeric 
compounds, but only threobavo bitlierto been mvestigatod xvith any approach to accu- 
racy .— 

1 Tho compound doserihed(p 869) as toluylic alcohol, CTO OH or C“H“(CH“)'. 
OH, which would be bettor called xylylic alcohol, inasmuch ns it is obtamed 
directly fi'oin tho chloride, C'H'Cl (cldorido of xyljl), produced by the action of 
chlorine on xjloiio at high temperatures. This alcohol is tho homologiie of benzylic 
or tolylio alcohol, C'H'HO (i. 678). 

2. Tho compound called phlorol, phloretol, or phlorylio alcohol, which 
Ul.asiwrtz obtained by distilling barium-phlorotato with limo (iv 493) This com- 
poima is 11 true himiuloguo of phenol, probably othyl-pheiiol, 0“H<(C-H‘).OH 

3, The “xylylic phenol,” mentioned by H. Muller (Zeitscbr f Ghem. 1865. p. 
271) us occurring in coal-tar This is probably dimothyl-phenol, C“H’(CH'')=.OH, 
inusmiich as products ohtmued by dry distillation have hitherto been found to contain 
only inothyl-derivatives of bonzeno The portion of aloisol (tho product obtained by 
di.stilling sloes with bme.i. 148), which is soluble in potash, has also, according to 
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Eemtoia (Ann. Ch. Pharm cxxsviii. 186), the composition of a xylylie alcohol, and 
IS, porliaps,t'identioal mth the last mentioned 

XYiVlIC iniiBC.a.PXAia'. Syn. with XyimtB-snLPHTnmi.TB (p. 10S9). 
STlintiSUIiPHAlWIC ACID, 0*H"NS0“. is producsd by heating snlphate of 
xylidine with sulphimo acid, and crystallises in needles very slightly solnhle in cold 
water —Its hamm-salt, (C“H'“NSO“)W', is very solnhle, and ciystaUises in nodular 
groups. (Deumelandt, Bull. Soc Chim. 1866, li. 211.) 

X,Tri,TriiSDl.PKTJIlOUS ACID. Syn with XviMB-smiPHinHO Aoto (p. 1068). 
XYDXDSUDPHTDRAVB. Syn. with XYtHNB-siJi.PBXDiiATB (p. 1069). 


Y 

YABICOIA. An ore occurring, with atacamito and quartz, in the district of Ta- 
rapaca in Peru (Leonh. Jalu-h. p. 243 ) 

TAIHt. See Diosoobea (ii. 336) 

VAKODITE, or YAWTHOUXB. Syn. with Astoitb (i. 477). 

YBAST, See Fermentation (ii. 829). 

YEDDOW COPPBS-ORB. Syn. with OopPBB PiBixns (u. 77). 

VBI.liO'W COPPBBAS. Syn. with BoTBYOGBN (i. 661). 

YEX.DOW' DTBS. See Hmma (a. 366). 

YBDDOW IiEAD-OBE, Native molybdate of lead, or wnlfenito. (See Molyh- 
DBNUil, ill. 1039.) 

YEIiDOW niBTAD. An alloy of 60 pts. copper and 40 pts. zinej also called 
Muntz’s metal (See Ooppbb, Axioys op, li 49.) 

YEXiXiO'W OCHRE. See the next article, 

YBIiDOW PIOMBSTTS. The yellow pigments mostly employed as artists’ eolonrs 
are iidphido of cadmium (i. 706), gamboge (ii. 770), Indmn ySow, which consists 
mainly of envanthate of magnosimn (ii. 609), and ydlavi oehre, which consists of clay 
or marl coloured with feme oxide — Chrome-ycllom, or neutral chromate of lead, is used 
chiefly for oarriage-pamtiug , also for colouring wall-papers, and as an ingi'edient lu 
yellow varnishes , it is never used alone, hut always mixed with chromate of calcium 
or haiTum, or sulphate of lead A mixture of chromate of lead with the sulphates of 
lead and calcium constitutes Cologne yellow Other yellow lead-salts are also used as 
pigments, chiefly for houso-deeoration and paper-staining — ^viz., certoin oxychloiidos of 
lead (ill. 668), known as Tnrnede ydlow, Cassel yellow, &c , a basic sulphate, PbSO'. 
PbO, known in France as jaunepadle nanerd, and prepared by fiismg a mixture of 
neutral sulphate and oxide of load ; Tdaples yellow, a basic antimoniate of load (i. 326), 
used as an artists’ colour, in oil-painting, and less frequently, wdide of lead, which has 
a fine colour, hut is somewhat fugitive , and arsenate of lead, which is ohjoetionahle on 
account of its poisonous character. All these lead-yellows cover well, but have the 
inconvenience of turning brown or black on exposure to sulphuretted hydrogen — 
Chromate of eino, prepared by precipitation, has a fine colour, much like that of chro- 
mate of lead, and is not affooted by sulphuretted hydrogen — ^The ohromates of banum 
and calcium are used for colouring paper-bangings, also for mixing with chromate of 
lead, (Lefort, Ghmw des Couleurs, 1866.) 

YBDIrOW PODS. The pods of Gardenia g> andiflora, which yield crocin (ii. 108). 

YBliDOW TEDIiURIUIH. Syn. with Svlvanitb (p. 647) 

YBTTITB. Syn. mth Lievbitb (iii.-689) 

YERDA MAXii. Syn. with Pabaouay Tsa (iv. 840). 

YPADV-PDAUX. Syn. with Coca (i. 1069) 

YXXBRRIXB, YXXBRIXB. Syn. with Gadounitb (u. 757). 

YXXRIA. Oxide of yttrium (p. 1064). 

YXTRIXE. Syn, with GAnoniNiTB. 

YXXRIUWE. Symbol, Y , Atomio weight, 61-7 (Eahr and Buna en); 71-4 (Do- 
lafoutaine), — An element holongmg to the class of earth-metals, hut existing only 
in a few very rare minerals Giidolin, in 1794, obtained from the yttorbito or gado- 
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Imite of Yttorby in Sniflclen, a peculmr oiddo resembling limo and alumina. Ekeberg, 
in 1797, confirmed tbose resnlte, and named the earth yttiin. In a anbsCquent exa- 
mination of this earth, -which in the meantime had been investigated also by Klap- 
roth end Vauqnehn, Ekeberg found that Ins yttria contained glucma. Berzelius, m 
1819, found that it also contained oxide of cerium (associated, according to subsequent 
, investigations, with the oxides of lanthanum and didymium). Schaerer, in 1842, pointed 
out that ytti'ia, even when freed from the oxides of the cermm-nietals, probably still 
contained anotber oxide , and Mosander, m 1843, by a careful examination of crude 
yttna, conoludod that it was a mixture of tliree earths — which he named yttria, tor- 
bia, and erbia — separable by their different degrees of basicity. Subsequent expo- 
runents by different chemists have, however, thrown considerable doubt on tlio sepa- 
rate existence of the second of tliesa earths ; and the recent very careful experiments 
of Bahr and Bunsen, already referred to under Tbbbidm (p. 721), seem to have shown 
conclusively that crude yttria, when completely freed from the oxides of cenum, lan- 
thanum, aud didymium, may ho separated into two earths, yttria and erbin, without 
any trace of a third, the so-caUed terbia. The method of effecting this separation, aud 
obtaining pure salts of erbium and yttrium, has been already described (p. 721). 

Metallic yttrium is obtained by igniting chloride of yttrium inth potiassiiim It is 
described by Berzelius as a blackish-grey powder, consisting of small met.illically lus- 
trous scales, becoming brittle, and acquiring the colour and lustre of iron under the biir- 
nibher. The metal thus cliaraeteviaed was, however, a mixture of yttrium and erbium; 
puia ytU'inm has not yet been prepared. 

Yttrium is a diatomic metal, and forms but one series of compounds, YCH, YO, &e. 
It unites directly at high temperatures with chlorine, oxygen, and sulphur, and probably 
with other metalloids. 

Broimde of YiiriKm is obtained, by evaporating a solution of ytti'ia mhydrobro. 
mio acid, as a very deliquescent saline mass. 

Ghlorido of Yttriumia a non-volatile compound, obtained by heating yttrium m 
chlormo-gas 

The hydmtcd cMcn'ide, obtained by leaving a solution of yttrium in hydrocliloric acid 
to evaporate, is a saline mass which slowly deliquesces. 

Fluoride of Yttrtum occurs, together with the fluorides of cerium and calcium, 
in varying proportions, as yttrocorite, a mineral found at Finnbo and Broddbo m 
Sweden ; at Amity, New York, and in Massachusetts, forming violet-blue, erystallo- 
gi'auular, and earthy masses, imbedded in quartz , in smaller quantity also a s fluocon to 
(11 609) B;?mixmg a solution of yttrium-chloride inth potassium-fluoride, hydrated 
yttriiHu-fluoride is obtained as a -white amorphous precipitate, lia-nug an astringent 
taste , It reddens litmus, is insoluble in water and in aqueous hydrofluoric acid ; when 
heated iii a close vessel, it leaves the anhydrous fluondo. 

Sorofltioride of Yttnim, obtained by double decomposition, is insoluble m water, 
but soluble in acids, even in excess of fluoboric neid, and crystallises on evaporating 
the solution. — ^The adtcojlwnde exhibits similar properties. 

Iodide of Yttrium is prepared like the bromide, and is likewise very deli- 
quescent 

Oxide of Yttrium, — Yttria, — obtained by igniting tlie oxalate, is a soft 
nearly white powder, winch, when ignited, glows -with a piue white light, and yields a 
spectrum not containing any bright bands, like tliat of erbia (p, 722). It does not 
unite directly -mtb water, but is precipitated as a hydrate by alkalis from solutions of 
yttrium-salts It dissolves slowly but completely in hjidrochlorie, nitric, aud sul- 
phuric acids, forming colourless solutions which do not exliibit an absorption-spectrum 

Oxycjen-salts. — Basic Nitrate of Yttrium, Y''(NO“)=.Y''0.3H'0, prepared like 
the corresponding erbium-salt (p. 722), crystallises in colourless deliquescent needles 
■ — The oxalate, OY'D' H^O, is a soft white powder, which does not give off its water 
till heated nearly to the tem-poratnre at which it decomposes. — The sulphate, 3Y"SO*. 
SH“0, forms colourless well-deflnod c^stalq, isomorphous -with the corresponding 
erbium- and didymium-salta, and exhibiting the same characters as the erbium-s it 
when heated, and when dissolved in water. (Bahr and Bunsen.) 

SeleniAe of YttviMwi is obtained, according to Wohler, by fusing yttria -with 
selenium, as a black substance which is insoluble in water, and gives off selenliydric 
acid when treated with dilute acids (Wohler), Selemde of ammonium precipitates 
yrtnum-salts. (Berzelius.) 

Sulphide of Yttrium, is produced, with ignition, when yttaum is heated in sul- 
phm'-vapoiir ; also when yttria is heated in vapour of carbonio disidphide. It is a 
gru-y pulverulent body, which is not decomposed by water, but gives off sulpliydrio 
acid when treated with dilute acids. (Wohlor.) 
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. Detection and Estimation of Tttrmm. 

Yttrium-salts are colourless, and resemble those of thorinum fp. 788), in their 
behaviour before the blowpipe, and in most of their reactions in solution Yttrium is 
distinguished from thorinum by the solubility of its ignited oxide in hydrochloric 
acid, by the non-volatibty of its anhydrous chloride, and by the solubility of yttrio- 
potassie sulphate (precipitated from yttrium-solutions by potussic sulphate), in excess 
of potassio sulphate. The solubility of ignited yttna in hydrochloric acid serves also 
to distinguish yttria from alumina and sirooma, it is further distmgiiibhed from 
alumina and from glucina by its insolubility in potash. The precipitation of yttria by 
alkalis is not prevented by the presence of tartaric acid (distinction from alumina, 
glucina, thorma, and ziroonia), the yttrium being slowly but completely precipitated 
as tartmte Acidulated solutions of yttrinm-salts do not alter the colour of turmoric- 
tiuoture (distinction from zirconium). 

For quantitative estimation, yttrium is precipitated as hydrate hy ammonia 01 ; 
fotaeh, or us oxalate by oxalto acid; tbo precipitate in either case leaves anhydrous 
yttria when ignited If potassium-salts are present in the solution, the prccipitato 
formed by oxalic acid consists of yttno-potassic oxalate, which, wlien ignited, leaves a 
mixture of yttria and potassic carbonate. This may be dissolved in bydrochloiie acid, 
and the yttria precipitated by ammonia. 

Yttrium may be separated from iron, existing in solution aa feivie salt, by pre- 
cipitating the iron as ferric oxide with succinate qf ammmium, or (hotter) with car- 
bonate of barium.— Dcom the oerinm-metals, yttrium is separated by immersing in 
tile solution an excess of solid eutphaie (f potassium; the yttrio-potossio sulphate then 
dissolves, while the double sulphates of potassium and the cerium-metiila remain 
undiasolved — From aluminium and gluoinum, yttrium may be separated by pre- 
cipitation with oxalic acid, or by adding tartaric amd in excess, and precipitating the 
yttrium with ammonia . — To separate yttrium from magnesium, the solution is mixed 
with excess of ammoiuum-salt, and he yttria precipitated by ammonia 

In all these modes of precipitatioi- yttrium is thrown down, together -witb erbium. 
The only satisfactory method yet givVu foi separating those metals one from the other 
IS that of Bahr and Bunsen, already dfoeribed , and oven this is very far from affording 
the means of determining the relative qil^ipitities of the two when mixed together. 

The atomic weight of yttrium is dotiwmined by the analysis of its sulphate From 
the anhydrous salt, Y"S0S or YO SO', BVir and Bunsen obtamed, in two datariuma- 
tions, 49 80 and 49 24 per cent YO, 50 6\ and 60 76 per cent SO" whence Y = 
61 7. Delafontaino obtained, as a mean of ajee determmations, 48'23 per cent. OY, 
giving Y = 74‘6. \ 

VTTBOCERITE. A mineral consisting ' if fluonde of yttrium mixed with the 
fluorides of cerium and ealcbim (p 1064). 

irmcocOEtTMEXTB. Syu. with YTTBOTinTAirra. 

■sWTBOlI.iaEKriTB. Tiranomobate of yttrium and iron: sym with Samahskitb 
(iv. 64), 

‘S’TTBOtTAlVTAXilTE. Tnntalato of yttrimn, found at Yttorby in Sweden 

(p. 668) 

VITROTITANITB. Keithauitc . — A silicotitanato containg lime, yttria, feme 
oiido, and alumina, with small quantities of other bases. It occurs at Bno, near 
Ai'oiiaal in JStorway, in monoclinic crystals, isomorpbous with sphena (p. 398), more 
or less translucent, having a brownish-red to dark-brown colour, with yellowish streak, 
waxy lustre on the neutral faces, vitreous on the cleavogo-fecea. Hardness = 6 ( 0 7, 
spociflo gravity « 3’6 to 3 7. Before the blowpipe it behaves, for the most part, like 
sphene. 

Analyses, a, b,hj A. Erdmann (Berz. Jahresb. xxv. 328). — 0 , by H. Forbes 
(Ed. N. Phil. J. [now series], 1 . 62).— iZ, e, by Eammelsberg(Pogg. Ann. civ. 296). 



If the ferric oxide and alumina be regarded as acid coiisfitiicnta, the mil 
berepresented by the formiiU .SM''0(APO";Fo"0") -t 16M"0.2(,Si0",Ti0"), 
to that of sphene. (EammelBberg ) 


[iiilogous 
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YU—ZEEUMB ET-EOOT. 


VUi The name of a mineial liiglily prized in China, luid, according to Abel- 
KcmuSttt (Bern Jahresh. v. 223), identical with jade nephrUiquo (? nopliiite). It 
has a specific gravity of 2 9 to S'i, scratches glass, and is scratched by quartz. 


z 

ZACOTXKroA. A specular iron-orc from Porpaz, in Brazil. 

ZAI'S'BB. An impure oxido of cobalt, produced by imperfectly roasting cobalt- 
ore mixed with 2 or 3 pts of siliceoua sand. 

ZAI.A. Syn. with Boaax. 

ZAMBOKTI’S FIXiB. A name sometimes applied to tho dry pile. (See Eiec- 

TBICITT, 11. <t23 ) 

ZAMTXTE, A hydrated carbonate of nickel from Spain, probably identical with 
texcsite or emerald-nickel (i. 789). . 

ZAWBOFlCBlir. Syn with XANTHopioBiia! (p. 1063). 

ZBAaoiffZTS. A calcio-aliimimc sdicate allied to abrazito {i. 1), but erystalhsing 
in tomotric forms, whereas abrazito is Aimctrio It occurs in tho lava of Capo di Bovo, 
near Homo, in small crystals, which are oombmations of the pnsms oof « and oof co , 
■with a pyi-amid, or in irregular and spherical groups It is transparent to semitrans- 
liiceut, wtU a vitreous bistro, white to bluish-white colour, and wnite streak. Hard- 
ness = 6'0. Specific gravity = 2‘213. Before the blowpipe it becomes opaque, then 
splits, and molts to a transparent or whitish tumefl.od glass. Hydrochloric acid dissolves 
It, with separation of gelatinous sihca. 

Annh/ies. o, by v. Eobell (J pr Ohom xviii. 206) ; — 6, by Marignao (Ann. Ob. 
Pbys. [3], jdv. il) 

SiO> APOS. CnO K>0 H«0 

a. 42-72 26-77 7 60 6-28 17-66 = 100 03 

b. 43-64 24-39 6-92 10-36 16-06 = 100-36 

I’hose analyses do not agree very closely, but the formula of tho mineral is probably 

that deduced from the second, tuz (OaO,!K*0)SiO*+ (A1’0‘.2 SiO’) + 4aq. 

ZBASZTS. A dark-coloured opal from Mexico, exhibiting a green and red play 
of coloui-s. 

ZESOABIN-. See the next article. 

ZBBOABY. SadLx eedoarie . — ^The root of Gurotma sedoaria, a scitaminaoeous 
plant, growing in Bengal, Java, and Madagascar. It has a camphoric odour, and an 
m-omatio somewhat bitter taste. Contains, according to Buoholz (Eepoi-t Phacm. 
XX, 376), volatile oil, a bittor soft resin, a bitter extractive matter, gum, starch, &o. 
Tho oil is turbid, whitish-yoUow, and viscid, has a camphoric taste and smell, and 
consists of two oils, one lighter, the other heavier, than water. Ti-ommsdorff obtained 
from the root a substance which he caUod zedoann, but did not further describe. 

ZEIliAijriTl:. Syn. with PnioitAST or PEitnnantoPs Spinei. (p 400). 

ZBXOSEIiITE. This name is applied to a mature obtained by stirring 24 pts. 
of fiuoly-poiiuded glass into 20 pts. of s-ulphui- It is recommended as a cement for 
stone and metal, for the taking of casts instead of gypsum or sulphur , as a material 
for bookbinding letters, stereotype plates, statues, and whetstones , and even as a sub- 
stitute for lead in the construction of vitriol chambers It may be tinted at pleasure, 
by addition of colouripg-mattor. (A. Vog el, Buoh, H. Report, zii, 294 ) 

ZEA IKCAIS. Maize or Indian-corn On tho composition of the grain of this 
plant, see OimEAns (i, 225, 227). 

ZBIW. A nitrogenous substance obtained from maize-flour (Gorham, Borz. 
Jaliresb, 11 124, — Stepf, J. pr. Chem. hsxvi 88, Jnhresb. 1869, p. 693) — Maize- 
floiu-, when washed with' water, does not yield a mass resambbng the gluton of wheat. 

ZEOXiXXBS. A generic name of hydrated double silicates in 'which the principal 
bases are alumina and lime, the latter being often more or less displaced by ferrous 
oxide, magnesia, and iilkahs. They boil up when heated on charcoal before the blowpipe, 
and aro dissolved by aeids, leaving gelatinous silica. Many of them foim very fine 
crystals Natrobte is sometimes called/eaiJsr zeelife , aiiWnta, foliated zeolite-, seolo- 
citc, needle zcditc ; apophyllite, •pyrainuM eeoUte ; laumontite, efforescing eeohte. 

ZSOTISr-SAZiT. Syn. with Ni'tnA'PB of Soniinit (iv. 105). 

ZBBUnSBBT-ROOT This name appears to ho apiplted to two different roots~ 
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namely, that of Zmgiier Cxmitnanar, a seitaminacoous plant xudigauona in Coroman- 
del and in "IraTO , and that of Zingiber Zerumbet, imported from Calcutta and Java. 
Both have an aromatic odour and a bitter taste. According to I,uca (Berl. Jahrb. 
1798, iv 214), zerumbet-root (the particular kind IS not stated) contains an essential 
oil having a camphoric odour, a bitter and soapy extractive matter, bitter resm, 
gum, &c. 

ZlirC. Synonyms Spelter. Spiauter Zvnoum. Atomic weight, 65 , Symbol, 

Zn — Tho ore of zinc, called calamine or cadmia, — ^but not the piu’c metal — was known 
to the ancient Crooks, and used in the manufacture of brass. Metallic zinc was first 
mentioned by Paracelsus ; it was for a long time imported from the East, but since tho 
middle of thd eighteenth contm-y, it has been prepared in Europe. 

Zinc occurs in considerable abundance as carbonate, forming the ore called cala- 
mine ; as silicate, or siliceous calamine , as sulphide or blonde, and as oxide or red zinc- 
ore, in smaller quantities also as aluminate, arsenate, phosphate, and sulphate 
ftnite recently, native metalhc zinc has been found at Victoria, in Australia. Zinc is 
likewise found in the ash of a species of violet, Vida ealamimna, which grows on the ^ 
dead heaps at the calamine mines m Ehemeh Pruseia. 

Metallmgy of Zina, — The ores from which tho metallic zinc of comma'ce is ex- 
tracted are four in number — ^viz,, blende, red oxide, calamine, and siliceous calamine. 
All these are subjected to a preliminary calcination before being smelted. 

In the case of blende, this calcination is necessary for the purpose of expolling the 
sulphur, and converting the sulplude into a more or less pm-e oxide of zinc The cala- 
mine, on oaleiiiatmn, loses its carbonic acid, together with some moisture ; and (he red 
oxide and siliceous oaUmiue, besides losing water, become more porous and disinte- 
grated, whereby their subsequent reduction is facilitated. 

Oalamino was formerly roasted in kilns, hut is now generally calcined in revorhera- 
ting furnaces Zuiohlende is occasionally submitted to a preliminary roasting in 
kilns, so as to utihse the snlphurons amd which is ovolvoil , but in aU onsos it requires 
to bo ground, and the calcination completed m reverberatory colcmors, similar to those 
used in copper-smelting 

Seduoiwn —The roasted ore is nuxed with half its weight of powdered charcoal, 
coke, or anthracite, and introduced luto crucibles or retorts of peculiar construction. In 
Silesia, whence the greater p.irt of the zme used lu the arts is obtained, the mixture of 
zino-oxide and charcoal or ooke is heiated in muffles 3 feet loug and 1^ foot high, six 
of which (throe side by side) are laid in one furnace. Tho evolved mixturo of carbonic 
oxide gas and zinc-vapour passes from the upper and fore part of the muffles, through 
a knee-shaped channel, horizontal in tho nearer and directed downwards in tho farther 
part, and the zinc condenses therein, and drops down from its lower apertoe. Part 
of the zino-vapour, and likewise some cadminm-vapouv, escapes imcondensed, together 
with the carbonic oxide gas, and burns in the air, producing the substance, called St- 
lesum Zuic-Jlowers In Litgo, the reduction is performed in oarthernware tubes, laid 
side by side Tho zinc, as it condenses m the fore part of these tubes, is scraped out 
from time to time lu the hquid state. In England, a number of cast-iron pots are 
arranged in a circle in one common furnace Through the bottom of each of these 
pots there passes a tube, open at both ends. The vessels are filled with tho mixture to 
such a height as not to stop up the upper end of the tube, then closed with a weE- 
fitting cover, and heated The zinc arms down from the part of tho tube which des- 
cends from tho bottom of the crucible. This process is culled DestiUatiopcrdosoeiismi., 
— At Goslar, in the Harz, zinc is obtomed as a secondary product in the smelting 
of lead-ores Tho zino-vaponrs condense in tho upper half of the fiirnaco, and run 
down from the shaft upon a slanting stone called the niMo-stao?. Tho zinc thus obtained 
is melted in iron pots, and pom'ed out on tables » 

I’lirificaiion — Commercial zme contains small quantities of load and iron, together 
with minute quantities of tm and cadmium, and occasionally traces of arsenic and 
copper. Carbon is also mentioned amongst its impurities , but Ehot and Storer did 
not find it in either of tho thirteen epeeimena winch they examined, though traces of 
sulphur wore always piesent The best mode of obtoiumg pure zinc is to pass sulphu- 
ruttad liydrogen through a strong and somewhat acid solution of zmc-sulphate, flltormg 
liom any precipitate that may he formed, and, after boiling the solution to expel the 
sulphuretted hydrogen, precipitating the zinc us earhonato by addition of aodiuni-car- 
bonato. TIio carbonate, after being washed, is rediasolvcd in piure snlphurie acid, and 
the zinc is reduced by electrolysis , or the dried carbonate may bo converted into oxide 
by ignition, and the oxide distiUed in a porcelain retort, with charcoal prepared from 
loaf-sugar. 


Uie'a Dtcuoiunit qf Ails, in 1072, and Millor’o Mkments of 
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FropcHics.—Zina is a wlHto metal, with a sliade of blue, capable of bofng polished, 
and thau assuming a bright motallie lustre. It is usually brittle, and its .fracture ex- 
hibits a erystulline structure. But zinc, if pure, miiy be hainmcred into thin leaves, 
at the usual temperature , and commercial zinc, which is impure and brittle at a low 
temperiitiu’e, acquires the same malleability between 100° and 160° : it may tlion be 
laminated , and the metal is now consumed, iii the form of sheet-zinc, for a variety of 
useful purposes. At 210° it again becomes bottle, and may be reduced to powder in 
a mortar of that temperature. The density of cast zinc is 0'882, but it may be increased 
by forging to 7'21. Itmolts at412° (Daniell), and boils at 1040° (Deville and 
T r 0 o a tV At a red heat, zme rises in vapour, and takes firs in the air, burning with 
a white flame like that of phosphorus ; the white oxide produced is earned up mo- 
dmnicaUy in the air, although itself a fixed substance. Laminated zinc is a valuable 
substance, fi-ora its slight'dispositaon to undergo oxidation. When exposed to air, or 
placed in water, its surface becomes covei'ed mth a gray film of siiboxide, which 
does not ma>aase ; this film is bettor calculated to resist both the mochamoal and che- 
mical effects of other bodies than the metal itself, and preserves it. Ordinary zinc 
dissolves with facility in dilute hydrochlono, sulphuric and other hydrated aezds, by 
substitution for hydrogen. Puro zinc dissolves very slowly in the same acids, unless 
it is m contact with platinum, copper, or any other less positive metal, with which it 
can form a galvanic circint. Ordinary zinc dissolves more quickly than the pure metal, 
because the lead contained in it is precipitated in tlis metalho state, and acts as an 
electronegative element to the zinc (see Eleothicity, it 420h_ In consequence of this 
electrolytic action, zinc, in contact with iron or copper in a salino solution, protects the 
other metal from o.xidation . — Galvafimd iron consists of u'on having its surface coated 
with zinc, which, m like manner, protects it from oxidation in air and water. Zinc pre- 
cipitates silver, copper, mercury, ond most of the basylons metals, less oiidoble than 
itself, from thoir acid solutions. 

- Zinc diBBolvoB also m .iqnoous alkalis, with evolution of tadrqgen, forming aziucato 
of tlie alkali-motal e.g., An + 2KIIO = K’Zn'O’'' + B*. £i this ease, also, the 
solution of the zinc is accelerated by contact with less oxidablo metals, as platinum, 
iwn, &o. 

Zme reduces many mctalhc ondes (chromic oxide, for example) when melted witli 
them Keaxly all cUondoi iiad fiuortdes are reduced when heiitcd with zinc-vapour in 
an atmosphera of hydrogen (Poum arid e, J. pr Ohoml Ixxm 406). At a very high 
temperature, zinc reduces carbonic anhydride, forming oxide qf zinc ; at a somewhat 
lower temperature, on the contrary, charcoal reduces oxide of zinc (p. 1067). 

Zinc is a diatomic metal, and forms, for the most port, but one class of compounds : 
ZnCfl*, ZnO, Zn(NO’)*, ZnSO*, &o. A lower and a higher oxide are Icnoivn, but 
tliey are not of very definite ebaraoter. 

ZZNO, AXSiOTS or. Zinc unites with nearly all other metals, forming alloys 
which are mostly hard, and in some cases brittle, ihey may bo prepared by directly 
fusing the two metals together , if, however, the heat be allowed to rise too high, tho 
zinc will be volatilised. Most of iie zino-alloya have been already described in con- 
nection with other metals. 

Zinc does not form an elloy with bismuth; on mixing the two metals in the molted 
state, the mass separates into two layers — one consisting of zme containing 2’4 per cent, 
bismuth, the other of bismuth contaming from 8 6 toU'3 percent, zinc. (Matthies- 
sen and v Bose.) 

Tin unites readily ivith zinc by fusion, forming alloys whieli are harder than tin, but 
softer than zme , they are also less malleable than tm. An alloy of 1 1 pts. tin to 1 pt. 
zme beaten out into leaf, forms spurious silver-leaf According to Rudberg, the alloy 
ZnSn® (lpt.tin tolOfpts zinc) solidifies complotely at 204°; but all the other alloys 
separata on cooling from a state of fusion into two portions, the one consisting of 
ZnSn“, not solidifying tiU cooled to 204°, while tlio remainder, consisting of an alloy 
containing a larger proportion of one or tho other metal, solidifies at a higher tom- 
perature: thus — 

SuWZtt. SnOZn. SniZn. SuiZn. Sn^Zn. SnZn 

Variable point , . 210° . . 230° 260° 280° 820°. 

Rixod point . . . 204° 204° 204° 204° 204° 204°. 

Eeapoetbg the ulloys of zinc, tin, and load, boo Le».d (iii. 638). 

Alloys of zinc, tin, and copper constitute many varieties of bronze, tombac, &e. 
Mloys contdining smaller proportions of zinc are used, on account of their harduesB, 
to form the journals and other parts of machines. (See Ooppbr, Aliovs oir, u 481.) 

According to Calvert and Johnson, the alloys ZnCu'"Sn and ZnCu''Sn are definite 
chemical compounds, inasmuch as they are scarcely attacked by nitric acid of specific 
gravity M, or by concOntmtod hydrochloric acid, and not at all by sulphuric acid. 
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of specific gravity I'fi. Both these alloys, on account of thoir hardness, are well 
adapted to firm parts of machinery. 

Some bronzes contain lend as well as copper, tin, and zinc: thua,Bnii»i heU-Tudal 
consists of S 6 pts, zmo, lO'Z tm, 80 0 capper, and 4'3 lead , and the biddety-wme of 
India, of 3 pta of an alloy of copper, tin, and lead (16 pts. copper to 4 pts lead and 
2 pta. tm), to 18 pta. zinc. CWilliams.) 

An amalgam of zinc and tin is used for coating the rubbers of electrical machines 

ZZICrC, BROiaZDS or. ZnBr^~This compound is formed directly by igniting 
zinc in bromine-vapour. A solution of zmo or zinc-oxide m aqueous hydrobromie acid 
solidifies, at a certain degree of concentration, to an indistinctly ciystulline, very deli- 
quescent mass of the hydrated bromide mixed with a certain quantity of oxide, which, 
when heated, yields a sublimate of zinc-bromide in white needles of specific gravity 
3’643, anda residua of zino-oxide. According to Kremers (Bogg Ann. ciii. 67 ; 
civ. 133;avui. 116), solutions of ziiic-bromido of dififorent strengths exhibit, at 19 6°, 
the specific gravities shown in the following table — 

I ■ 

Specific gravity at 1Q'6°. 1-17X6 1-3770 1-5276 1-6101 17082 1-8797 21027 2 3914 ' 

A solution of zinc-bromide m ammonia yields, by evaporation, colourless octa- 
hedrons of zinc-ammonium-hromido, (Il*H“Zii")Br'', which are decomposed by heat and 
by water (Eamm elsberg.) 

By the simnUaneous action of zinc and bromine on anhydrous ether, there is formed, 
together with bromide of carbon, an unstable compound of ether and zine-bromide, 
■which fumes in the air and dissolves m -water. (Nioklis, Compt rend. In 870 ) 

Zine-biomide unites -with the bromides of alkali -metalfl, forming double salts, exactly 
like the corresponding ohlonne-compovinds. The ammonium-salt has a spocifto 
gravity of 2 628. (Bodeoker ) 

Zinrc, CHZOBIBE or. ZnCl*. JBuUer of Zinc. Butynm Zmci — Very 
thin zine-foil takes fli-o at ordinary tomperatiu-es in chlorine-gas Zinc-chlorido is 
formed in the wet way by dissolving zinc or zmo oxide in hydroclilorio aeid, or by de- 
composing certain metallic chlorides in solution with zme or a zinc-.salt . thus, when a so- 
lution containing eqmvalent quantities of zinc-sulphato and sodium-chloride is cooled, 
zmoo-scKlio sulphate orystalhses out at -s 10° j but at 0°, pure sodio sulphate separates, 
while zmo-ohloride romaius in solution — Anhydrous zine-chlondo may bo prepared by 
distilling 1 pt of zino-filiiigs with 2 pts. of mercuric chloride, or 1 pt zino-oxide with 
2 pts. sal-ammouiac, or by distilling the residue left on evaporating the aqueous solu- 
tion ; also by distilhng a mixture of dry zinc-eulphato and calcium-ehloi-ide. 

Zmo-ohloride is a whitish-grey translucent substance, soft hfce wax, and of specific 
gi-.ivitj'- 2 763, It has a bnrumg taste and emetic action, melts easily, and distils or 
sublimes lu wluto needles at a red heat , deliquesces quickly on exposure to the air, 
and dissolves easily in water and in alcohol. 

The aqueous solution evaporated to a syrup, -with addition of a little hydrochlono 
acid, deposits a hydrated salt, ZnGB H°0, in small deliquescent octahedrons The 
specifle gravities of solutions of various strengths are, according to Kremers, ae follows . 

Quantity of ZnCP m 100 pts. water . 16-7 38 8 66-3 92 4 

Specific gravity at 19-6° . . . 1 331 1-2714 1 3677 16336 

A saturated alcoholic solution of zinc-chloride deposits an aleoholate, ZnCl°.C°H'0, 
m small crystals. (Graham.) 

Anhydrous zmo-ohloride is a powerful dehydrating agent, acting upon organic bodies 
like oil of vitriol , thus it chars wood, converts alcohol into ether, and has been recom- 
mended by Kraft and Mottay (Compt. rend xlviii. 410), instead of siilphurio acid, 
for the preparation of fatty acids from glycerides. Even tlio concentrated aqueojis 
solulion destroys vegetable fibre, and cannot therefore be filtered through paper , 
according to Persoz, it dissolvos silk. 

A dilute aqueous solution of zinc-chloride is much used, nnder the name of Bnrnelt's 
BismfeoUng Fluid, as an antiseptic, and for preserving wood and vegotublo fibre agamst 
decay The concentrated solution is used in the laboratory as a hath for heathig 
substauees to a constant temperature. The dry chloride, obtained by evaporation, is 
used in surgery as a caustic. 

Zinc-chloride combines easily with ammoma, -with cMondes of alkali-metcd, and 


o. With A m m 0 n 1 a. — When a hot concentrated solution of zine-chlonde is treated 
with gaseous or aqueous ammonia, till the resulting precipitate reclisaolvos, the eolu- 
tion, on cooling, deposits the compound 4NH“.ZnCl“,H''0, in shining scales or lammee, 
which, whou heated to 160°, give off water and ammonia, and leave zinc ammonium- 
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chloride, 2NH" ZnCl’ = (N-H"Zti")C12 ju the form of a white powder , this last eom- 
pound separates also, m shining rhombic ciystals, from a concentrated* ammoniaciil 
solution of zino-chlorido — sometimes immediately, sometimes from the mother-liquor 
of the diammoniacal compound. Both the preceding compounds, when sufflciontly 
heated, give off ammonia, and leave a clear liquid, which, on cooling, solidiflca to an 
imperfectly crystalhne mass of the componnd ZnOl“NH“, which distils nndecomposed 
at a red heat, and is resolved by water into zinc ammonium-chloride, N“H“Zn01*, and 
an oxychlonde, Zn01®.6Zn0.6H*0 (Kane ) 

With Alkaline Chlori dee — Zmc-ehlondo unites in several proportions with 
ammoninm-chlonde — The salt 2NH''01ZnCP is pioduccd by dissolving zmc-hydi'ute, 
at a gentle heat, in aqueous sal-ammoniac, or 1 pt. zinc-oxido and 1 pt stil-ammonmc 
m strong hydrochloric acid; it crystallises on evaporation in rectangular prisms, or 
in large Jamiuffi contaiinng 1 at water of crystallisation, soluble in 0 66 pt. cold, and 
9-28 pts. boiling water, Tho dry salt is resolved by heat into sal-ammoniac and ziiic- 
ehlonde. Bammelsberg (Pogg Ann xeiv. 607) obtained the same double salt, in 
anhydrous rhombic crystals, by evaporating a mixed solution of zinc-chloride and 
ammouium-ohloride — Marignac (Ann. M-in. [6], xii 1), by slowly evaporating a 
solution containing about 2 at sal-ammoniac to 1 at zmc-chlorido, obtained the salt 
SHWCl.ZnCP, the mother-liquor of which deposited rhombic laminiB of the anhydrous 
salt, 2NH'Cl.ZnCP.— Tho salt HH'Cl ZnCP crystallises, from a solution of 1 pt, sal- 
ammoniac and 2 pts zinc-chloride, in easily soluble rhombic crystals containing 2 at. 
water (Santz, Ann Ch. Phaim. Ixvi 287) A concentrated solnhon of the double 
chloride of zinc and ammonium xs used to remove the film of oxide from the surface of 
metals, such as zine, iron, or cmper, which are to be united by soldering. 

Ztnco-potMm chloride, 2K(jlZnCP, forms rhombic crystals, of speoiflo gravity 
2’297, isomorphous with the similarly constituted ammonnun-salt (Eammelshergj , 

' more deliquescent than the latter (Marignae). — Zmco-sodio ohlmndo, 2NaCl,ZnCP 
3H-'0, crystallises in small very deliquescent noodles, belonging to tho hexagonal 
system (Marignac,) 

7, With Zinc- oxide. — ^Wlien aqueous ziuc-chlorido is evaporated to dryness, part of 
tile olilormo escapes as Uydrochlono acid, and the residueoontains an oxychloride, or 
basic chloride of zinc, only partly soluble in water — Tho compound Zn<01'-'0®.4H“0, 
or ZnOr-.SZnO 4H*0, is obtamed by boilmg a strong solution of ziiic-chloride with 
zine-oxide, or by precipitating tho solution with an insufficient quantity of ammonia, 
and digesting the precipitate with thn liquid : it forms small nacreous octahedrons, or 
a soft, white powder, and gives off half its water at 100°.— Zu'ChO" lOH'^O = ZnCP. 
eZnO 1011*0, is formed by the aehon of water on tho compound 2NH* ZnCB, or 
NII“,Zn01* (md. sup), or by precipitating zinc-chlondo with a quantity of ammonia 
sufficient to redissolve part of tho precipitate. It is a white powder, insoluble in water, 
and giving off half its combined water at 100° — Zn'“01'0“ 3H*0 = ZnCl’.DZnO 3H-0, 
remains as a white msolublo powder, when a solution of zme-chloride is evaporated 
to a syrup, and then treated with water The same oxychloride is precipitated in 
combmation with I-IH’O, on mixing a solution of zinc-chlorido with a quantity of 
potash pist sufficient to produce an alkaline reaction 

Perse z (Compt. rend. Iv. 310) uses a basic solution of zinc-chloride (prepared by 
boihng a solution of the neutral chloride of about 1 70 per cent, specific gravity with 
excess of zinc-oxide), for dissolnng silk, and separating it from wool and vegetable 
fibres. 

"Wbon zinc-oxide is boiled with a strong solution of zino-ehlonde in certain propor- 
tions, a plastic mass is obtained, which, after a while, becomos very hard, and may bo 
used for taking casts. A cement, prepared by adding 3 pts zmo-oxide and 1 pt 
glass-powder to 60 pts. of a solution of zinc-ehloride of apccifle gravity 1 6 — 1 6, with 
1 pt. of borax dissolved in the smallest possible quantity of water, is much used in 
Pans for ptoppmg teeth, and for making artificial teeth (Peichtinger, Dingl pol J. 
cl 78). An oxychloride of zinc, prepared by a similar process, may also be used as a 
paint for wood, paper, stone, or metal. It dries qmckly, and is quite free from odoim. 
(Sorel.) 

ziwc, evANiDB OP. See CyAOTDEs (ii 274). 

ZIBC, DBXBCTXOKT AWl* BSTZIVIATIOK' OP. 1. Slowptpe Beao- 
iions — ^All zinc-compounds, when heated with sodmm-carbonate in tho inner flame, 
give an incrustation of zme-oxidc, which is yellow while hot, hut becomes white on cool- 
ing , it IS not volatile in the outer flame With borax, or microcosmo salt, they give in 
either flame a bead, which is yellowish while hot, white on coohng, and opaque if much 
zine-sdlt IS present. If the colourlese bead or the white incrustation bo moistened 
with n dilute solution of cobaH-mtrate, and strongly heated in the outer flame, a fine 
green colour is produced. 



ZINC : DETECTION AND ESTIMATION OF. 1071 


2. Beact%ona in Solution — ^Zmc-salts are coloiirleM, and form fiolonrless solu- 
tions — Sulph/dnc acid gives, with neutral solutions of zme-salts, a whito precipitate 
of zmo-sulphide, which does nut contain all tho zme , in solutions containing a snfflciont 
quantity of froo hj dioehloric or sulphuric acid, no precipitate is formed j but fiom 
acetiitoofzuic, or auy zinc-salt mixed with aeotato of sodium, zinc is completely pre- 
cipitated by sulphydrio acid, even if a large quantity of free acetic acid is present 
Sulphide of ziuo is insoluble in caustic alkalis —Sulphide of ammonium precipitates 
zmc-aalts completely — Ot/anide ofpoiasmm throws down whito cyanide of zinc, soluble 
lu excess, and repreeipitated by sulphide of ammonium. — Ferroeyamde of potassium 
forms a white precipitate, insoluble m hydrochloric acid. — Oxcilio acid and plwsphato of 
sodium precipitate white oxalate and phosphate of zme, solnblo in acids and alkalis , 
the pliosphate is not precipitated in presence of sal-ammomae and ammonia — Fixed 
almme carbonates precipitate a white basic carbonate, insoluble m excess, soluble in 
alkalis ; clilorido of ammonium hinders this precipitation m the cold — Potash, am- 
monia, and carbonate of ammonium form white precipitates soluble in excess, repre- 
oipitated on diluting mth water and on boiling, solnble also m chloride of ammonium. 
Sulphydrio acid precipitates zinc-sulphide from these solutions. 

Zmo in solution is distinguished from all other metals by the precipitation of its 
wtate sulphide by sulphide of ammonium, in a solution containing excess of caustic 

3. Estimation and Separation. — ^Zinc is precipitated from its solutions by car. 
bonute of sodium, which, when added m excess, and boiled with the solution, throws down 
carbonate of zinc. It is best, however, to pour the zmo-solution into the hot solution 
of the alkaline oarbonuto, because, in that case, we may be siu-eof not forming a basin 
salt If the zinc-solution contains ivmmoniacal salts, it must be boiled with a quantity 
of caibnnate of sodium sufflcient to decompose those salts, then evaporated te dryness, 
the residue treated with a large quantity of water to dissolve out the soluble salts, and 
the carbonate of zinc collected on a filter, and wcU washed with hot water. The evapo- 
ration should be conducted as quickly ns possible. The carbonate of zinc, when dried 
' and Ignited, yield, s oxide of zme containing 80 26 por cent of the metal 

In separating zinc from other metals, it is often necessary to precipitate by snJphids 
of ammonwm. If tho solution is acid, it must be previously ueutrnlised by ammonia. 
'Tiio precipitate must not be thrown on the filter immediately, hut left to settle down 
completely, after which the clear liquid must first be passed through tho filter, and 
then the precipitate thrown on it. If this precaution bo neglected, bhe sidphide of 
zinc will stop up the pores of tho filter. The precipit.ite is washed with water con- 
taining a little sulphide of ammonium , then dissolved in hydraohlorio aeid ; the solu- 
tion boiled to drive off the sulphydiic neid, and the zinc precipitated by carbonate of 
sodium as above 

Zmo IS separated from all tho non-motallic elements, and from the metals 
of alkalis and alkaline-earths (barium, strontium, and calcium), by sulphide 
of ammommn In the case of the alkaline earths, however, groat cure must he taken 
to prevent the ammoniacal hqnid from absorbing carbonic acid from tho air, as that 
would occasion a proo'pitation of tie earth-metal in the form of carbonate. For this 
purpose, the filtration must he effected ns qmckly as possible, and the liquid well pro- 
tected from tho air The separation of zinc from barium may also be effected by 
aidphuria acid, and from calcium by oxalate of ammoimiti 

Prom magnesium, zinc may be separated by sulphide of ammonium, a sufficient 
quantity of chloride of ammonium beir ' v i - - „ 

of the magnesia , or the separation may i n 

into acetates, and precipitating tho zm 

The separation of zinc from wliimin i i 

of elu’omio oxide) may also bo effected by converting the bases into acetates, and iire- 
cipitating the zme with sulphydrio acid, or by dissolving in potash, and precipitating 
the zmo with sulphydnc acid, but tho first method is to bo preferred Cliromium, in tho 
form of chromic acid, is separated from zinc, as from other metals, by fusion with an 
aihahne carbonate (i. H6) 

The conversion into acetates, and precipitation by sulphydrio acid, likewise servos 
to separate zinc from zirconium, yttrium, thorinum, and manganese. The 
separation from manganese may also be effected by converting the twn metals into 
chlorides, passing cldonne-gas through the solution to convert the manganese into di- 
oxide, nnd completing the precipitation of the latter with carbonate of barium 

Prom iron, zinc may be separated by ammonia, or (bettor) by suflcinutc of ammonium 
(m 886). The iron (m the suto of feme oxide) may also he precipitated by car- 
honato of calcium or barium 

Uranium, as uranic oxide, m.uy be separated from zinc by this latter mode of 
precipilation. 
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For the methods of sepiirating zinc from cobalt and nickel, sec those metals 
(i. 1047 ; IV 39). 

From molybdonnm, tungsten, and vanadium, zinc is easily separated by the 
insolubility of its sulphide in sulphide of ammonium. For the method of separating 
it from titanium, see p 839, — From thallium, zinc is separated by precipitating 
the thallium with iodide of potasmim (p. 749). 

Froraarsenic, antimony, copper, and fdl other metals whose sulphides are lur 
soluble in acids, zmo is sepiu-ated by precipitating those metals with siiljihjAno mid, 
in solutions containing excess of mineral acid. 

4. Atomic Weight of Zinc. — &ay-Lussao (M^m. d’Arceuil, li. 174), by oxi- 
dising zinc with nitric acid, and by measuring the quantity of hydrogen evolved when ’ 
zinc dissolves in dilute acids, concluded that 100 pts zmc-oxido, ZnO, contain 19'62 
pts. oxygen whence Zin=i 64" 66. — Berzelius (Glib. Ann. xxxvii. 460) obtained, by the 
first method, nearly the same number. — Jacquelain (Ann. Oh. Phys [8], vii. 189), 
by the decomposition of the nitrate and sulphate of zinc, obtained results correspond- 
ing with the munhor 66 24; and Favre’s experiments {ibid. [8], x. 163) on the 
composition of zinc-oxalate, and on the quantity of hydrogen evolved when zinc dis- 
solves in hydroehlorie acid, give the number 66 0 for the atomic weight of zinc. Sub- 
sequently (m 1844), A. Erdmann (Ann. Oh Phiu'm. 1. 486) prepai-ed a pure oxide 
of zinc, mixed it with pm-e clinrcoal obtained from sugar, and reduced it in a current 
of hydrogen , he then oxidised the metal with nitnc acid, and converted it into oxide 
by igniUon. The atomic weight of zinc, cidcnlated from a mean of four experiments, 
tlius conducted, is 66'04. The same numberwas obtained by Polouze Aom the analysis 
of zine-laotate 

ZIIO'C, PXiUOniDB or. ZnF*. — ^Zinc dissolves in aqueous hydrofluoric acid, 
and the solution, when evaporated, deposits the hydrated salt, ZnF’ 4H''0, in small, 
shining, rhombic octahedrons, exlubitmgtbe combination F . F »’i‘2 (Marignao). 
Zino-finonde dissolves slowly but completely in water, more easily on addition of hydro- 
fiuono, hydrochloric, or nitric acid, or of ammonia. When hosted in an open vessel, 
it dissolves oxide of zinc. 

Zmo-fluonde forms double salts with the fluorides of alnminium and potassium. 
— The aluminitim-salt, ZnF^AFF", forms long colourless needles , the potassimi’SaU, 
2KF ZnF“, colourless crystaUine gi'ains. 

ZINC, KYDRATB or. See Zmo, Oxtoe op (p. 1073). 

ZIH'C, lOBIDB OF. ZnP. — Finely-divided zmo unites readily with iodine, 
forming an easily fusible compound, which sublimes in needles , spocifio gravity = 

4 696. The same compomid separates in regular octahedrons or cuho-octaliodrons, on 
evaporating a solution obtained by digesting iodine with excess of zme and water, till 
the colour of the iodine disappears. 

Zme-iodide is very deliquescent, and dissolves easily in water. The specific gravity 
of the solution vanas with its strength, in the manner shown in the following table 
(Kremers)’— 

*^”1^100 pi’s. vSerl ' 

Specific gravityat 16-6“ 1-1716 1-2340 1-3486 1-8121 1-6780 1 7871 2-1683 2-3276 

Zine-iodide is decomposed when heated m contact with the air, iodine being evolved, 
and zmc-oxido produced. 

The aqueous solution dissolves zinc in contact with the air, and the hot-filtered liquid 
deposits an oxyiodide on cooling (Muller, J. pr. Ohem. xxm. 441). The same 
solution, digested with iodine, forms a brown liquid containing 4 at. iodine to 1 at. 

f)ry ane-iodide absorbs 27 per cent (nearly 6 at ) dry ammonia-gas, forming a 
looso white powder, soluble in acids but decomposed by water. — A solution of zinc- 
lodide iu aqueous ammonia deposits, by spontaneous evaporation, shining rectangular 
prisma of the comimund 4NH’.ZnF, which is also decomposed by water 

Zmc-iodide unites -with iodides of alkali-metals, forming soluble, deliquescent 
double salts, which may be crystallisod by evaporation over oil of vitriol. The salts, 
fiNHT.Znl-, Kl.ZnP, Nal ZnF.3H“0, and BaP.2ZnP, have been obtained. 

ZIHC, KI'm.ZBB OF. This compouna is formed, according to Grove, in the 
electrolysis of water containing sal-ammoniac, when the positive pole is formed of 
zinc and the negative pole of platinum. 

Znre,’ OXIDES of. Only one oxide of zinc is known with certainty, viz the 
protoxide. The grey film, which forms on the surface of zinc when exposed to the mr, 
IS legai’dcd by Bcrzolins as a suboxide; bu( it is probably only a mixture of tile prot- 
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o\irto zme Tbdnard also states tbat a golatinous peroxide la produced 

by tile Iictioi ot liydric peroxide on hydrated zinc-oxide 

Zlno-oslde, ZnO — This oxide occurs native, contaminated -with nianganeso-oxides, 
as zineite or red zine-ore, and combined with the sesquioxides of manganese and 
iron, as franklinite, both of which minerals are found at Sterling Hill, Sussex 
County, New Jersey— the former in hexagonal, the latter in monometric forma. It is 
formed by the combuaiiou of zinc in the air, and by ignition of zinc-snlts containing 
volatile .mids , frequently also m the smelting of metallic oroa containing zinc, and is 
occasionally deposited m furnace-fines in six-sided prisms. CryaUlhsed zinc-oxide is 
also produced by heating zme-chloride in a currant of aqueous vapour. 

The ordinary amorphous oxide is obtained, as a fine flocoulont powder, by burning 
zino m contact with the air When zinc is thrown, by small quantities at a time, intc 
a capacious earthen crucible previously heated to whiteness, it burns with a bright 
bhuah-white flame, and deposits large flakes of the oxide mixed with small particles 
of the metal raeohamcally earned over trom those the oxide may bo freed by loviga 
tiQU with Water, the heavier metallic particles then subsiding, and leaving the pure 
oxide lu suspension This oxide is much used as a pigment, called zinc-whito, and 
IS manufactured for this purpose by distiUing zinc from clay-retorts into chambers 
through which a ouirant of air is kept up The volatilised mehil burns at the liigh 
teniueriitura to which it is exposed under these eircumstaucos, and the oxide is depo- 
sited m a senes of oondensing-ehambera The white pigment thus obtamod is per- 
iiiaueut, not being blackened, like white load, by exposure to siilpliuiettod hydrogen, it 
IS also much loss poisonous than white load. An impuie oxide, sold under the name 
of tutty, is obtained from the flues of furnaces in which brass is inoltod — Nor pliar- 
maoeiitical pmposes, zmo-oxide is prepared by igniting the precipitated hydrate or 
carbonate. 

Zino-oxide.when oryshiUised, forms transparent, yellowish, six-sided prisms of about 
6 0 spooiflc gravity ^ The ordinary oxide is a white amorphous powder, of about 6 0 
specific gravity, it* is insoluble in water When heated it assumes a lemon-yellow 
coloiu-, but becomes white again on cooling. It is very refi-aetory in the fire, but is 
said to volatilise at the strongest white heat It is easily reduced by charcoal, less 
easily by hydrogen or earbomc oxide When hooted with sulphur, it forms zino-sul- 
pliide and sulphurous anhydiide , with ehloriue, at a rod heat, it yields ztno-chloride, 
iihich distils over, and free oxygen. 

Zmo-oxide is a strong base, dissolvmg completely in acids, and forming the zinc- 
salts. It also acts as a base towards oxides of the foim M’O’ , thus with alumina 
it forms gahnite, ZnO A1®0* — A solution of zinc-oxido m potash deposits, oil 
addition of chromic hydrate, a green compoimd containing ZnO 0r*0’ (Chancel) — 
l?belmen(Ann Ch rhys [3], xxxui. 34) obtained such compounds (spinels) crys- ' 
tallised, by heating the component oxides with boric oxide for a long time in a pottery- 
furnace, tiU the bone oxide was volatilised — The conroonnd ZnO Or^O” formed small 
blackish-green octahedrons, of specific gravity 6-809; ZnO Fo''0*,mieioscopio, sinning, 
black octahedrons, of specific gravity 6-132 , ZiiO,Al’0“ (gahiutc), eolourlosa octahe- 
di-oiis, harder than quartz, and having a specific gravity of 4 68 

Hijiralsd Zinc-oxide, or Zinc-hi/draie . — ^Anliydrous zinc-oxide does not 
unite directly with water. Zinc-salts treated with ammonia yield a white gelatinous 
zinc-hydrate, soluble in excess of potash or ammonia, A crystallised monohydrate, 
ZnO Ii''0=Zn"H'^0’, is obtained by immersing zinc m aqueous ammonia in contact with 
iron (Eunge , Schindler), or with lead or copper (Nicklhs) Hydrogen is then 
evolved, and after some time zinc-hydrato le deposited on the zino m rhombic pi-isme, 
of specific gravity 2 677 (see also Cornu, Bull Soe Chim 1863, p. 64) — Adihydrate, 
ZiiO 2H*0 = Zn-’H^O®, is deposited from a satmated solution of zmc-oxide in soda- 
icy, loft to itself for a long time in n closed vessel It forms colourless regular octa- 
hedrons, having a strong adamantine lustre, retaining their lustre and traiispareiioy 
after wushmg with water and drying over chloride of calcium, but becoming white 
•when hot water is poured upon them. Zinc-hydrate dissolves readily in dilute acids, 
caustio alkalis, and carbonate of ammonium It easily gives oflF its water wheu 
heated. 

ZIN-O, OXYCHZORIDB OF. See Zmo, Chlobidii of (p 1070) 

ZINC, OXVSUZFHIDE OF. See ZiNO, Sulphtmis of (p. 1074) 

ZINC, PBROXIOB OF. (Seep 1070) 

ZINC, PHOSPBIBES OF, (Hoos, Ann. Oh. Pharm c. 101 )—Tho compound 
Zii®P® was obtained by strongly igniting 2 at. zinc-oxido with 1 at phosphoric anhy- 
dride and 7 at. charcoal, and collected m the neck of the retort as a brittle sublimate, 
which had a dark steel-gi-ey colour, and dissolved in hydrochloricncid,wilh evolution of 

Von V. 3 Z 
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iion-apontaneoualy inflammable pboaphoretted hydrogen — Knc-oxide, ^ignited in 
phosphorus-vaponr, forms a black crystalline mass, together with a red phosphide of 
zinc. The black mass boiled with hydrochloric acid, left a grey crystalline powder, 
probably consisting of ZnP* 

ZXnrC, SEKENIDEi OP. Formed by passing soloiiium-vapour over red-hot 
zinc It is a lemon-yellow pulverulent body, fmro which mtrio acid dissolves the 
zinc, and at first separates the selenium, hut on prolonged action dissolves it as sole- 
mons acid, (Berzelius ) 

znre, SBIBWIOCYANATE OP. See SnnENlociANATBs (p, 220). 

ZINC, SIZiICOPBITOKIBB OF. See SiucOFLUonrons (p. 273). 

ZZITC, SUBOXIBB OP. (See p X072 ) 

ZZEO, STfI.PBll>ES OP. Of these compounds, the best known is that which 
corresponds to the oxide. According to SchifF, there is also a pentasulphide, ZnS" 

Theyirotoistlpftide, ZnS, occurs native as blonde, m monometrio forms, viz. 
osO (jig 178, ObtStahogbapht, ii. 124); + 9 (^fig. 189); the same with the two 
~ ^ 0 

tetrahedrons equally developed, forming a regular octahedron (/y 172), and ^ . mO 


(Jig. 208), also twins Vkefig. 819 (ii. 160), and others, cleavage perfect parallel to 
ooO The nimoral likewiaa occurs m botryo'idal and other imitative shapes, and 
massive, compact, Haidness = 3'6 to 4. Specific gravity = 3 9 to 4'2. Trans- 
parent to translucent. Lustre resinous to adamantine. Colour brown, yellow, black, 
red, green, white, or yellow when pure Streak white to reddish-brown. Fraotui'e 
coDOhoidal. Brittle. 

Analyses^. — a Fronkhn, New Jersey colourless, transparent (Henry).* — J Claus- 
thal- crystallised, black (Kuhlemann) — a. Baibl, Caiinthia , scaly (Kersten).— 
d. Przibram, Bohemia radiate (Lowe). — e Eaton, New Hampshire (Jackson), — 
/. Shelburne, Hew Hampshire (Jackson).— p Christiania' black-brown, radiate 
(Scheerer). — h. Marmato, near Popayan, South America marmaUU. black (Bous- 
Biugault). — t. Bottmo, near Serravezza, Tuscauy . massive (Bee hi) . 

t. e d. e /. g. i. I, 

! 33 04 32 10 3375 32'22 82 8 3373 3378 33'(!5 


CWmiura 0'79 trace | ja 0'60 3 2 

Iron . . ... 1 18 1-32 2-M 3-10 11 3 12’03 14 32 16 23 

Copper 0 13 0 72 10036 OO'M 931 'lJi)'43 iOO’UO 97 DS 

Antimony . . OW OSO f 

99'6S 101 16 09 10 


Blende occurs in both mystalline and sedimentary rocks, and is usually associated 
with galena , also with heavy spar, copper-pyrites, spathic iron, and ftequently in 
silver-mines Berkshire, Cumberland, and Cornwall afford the blaek varieties called 
black jack; also Transylvania, Hungary, and the Harz. Sala in Sweden, Eatie- 
borzitz in Bobeuna, and many Saxon locaUbes, afford splendid black and brown 
crystals. 

Zinc-sulphid.e cannot be forraed by fusing sulphur and zinc together, because the 
sulpluir volatilises before combination can tiuce place , but it is produced, with detona- 
tion, when zinc-fllings are heated with cinnabar or potasBium-Bulphide. It is likewise 
obtainod by heating zinc-oxide with sulphur alone, or with sulphur and charcoal , by 
boating zino-oxido or the hydrated sulphide in a atream of sulphydric acid gas , and, 
finally, by reducing zinc-sulphate with sulphur or charcoal When prepared by 
either of these methods, it is a white or yellowish powder, of speciflo gravity 3-92 ; it 
melts at a very high temperature, and volatihaes only at a white heat. 

Crystalhsed zmc-sulphide is easily oxidised by ftision with mtee, slowly, but com- 
pletely, when heated in contact with the air ; acids decompose it slowly, with evolu- 
tioa of sulphydric aciA The amomhous sulphide is decomposed by atmospliene 
oxidation, or by acids, more qmckly than the crystalhsed sulphide. 

The hydrated siU^hzde, ZnS H'“0, obtained by precipitation (p. 1071), ani^ dried at 
100°, is a white powder, whtch, when more strongly heated, gives off its water and 
turns yellowish. It oxidises quickly on exposure to the air, and dissolves easily in 
dilute mineral acids, slightly in a large excess of acetic acid (Wackenroder.) 

Oxymljihzdes — Zinc-sulphide, when dried in the air, generally contains a small 
quantity of oxide Oxysulphides of zinc are found in furnace-flues. Kersten 
(Sohw. J. Ivii. 186) found one in a furnace at Freiberg, having the composition 
Zn0.4ZnS ; the zinc-oxide was not dissolved out of it by acetic aoid. The same com- 
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poiand occurs, as voltzite or voltzine, in implanted sphorieal globules with galena, 
blende, &o., at Rosi&es in Puy-de-Ddme, and in the EHas mine, near Joaehimathal in 
Bohemia. 

The compound Zn'OS, or ZnOZnS, is formed, according toArfvedaon (Pogg, Ann. 

1 69), when dry zine-sulphato is heated to redness in a stream of hydrogen. 

Pontasuljphide of Zinc, ZnS^ is formed, accoiding to Sehiff (Ann Ch. Pharm. 
C'xV. 74), when a neutral zinc-salt is precipitated by pontasulphide of potassium. The 
precipitate is white, but acquirOB a atriiw-yellow colour when pressed and dried. 
When heated in a close vessel, it is resolved into the protosulphide and free sulphur. 
It dissolves in acids, with evolution of sulphydric acid gas, and separation of sulphur 

ZllfO, TEIilbirRIDB OF. Zinc and tellurium unite when fused together, with 
great evolution of heat The product is grey, orystallme, difficult to fuse, insoluble in 
dilute sulpburio or concentrated hydrochloric add (Berzelius.) ’ 

KIIO'CACBTAailDE, C*H*Zn”N’'0“, is a white powder formed by the action of 
acetamide on zmcetbyl. 

ZIITCAIHXBE, N“H''Zn'', is produced by the action of ammonia on zineethyl 
(p. 1076). 1 

ZIirCAnfVX,, or ZUrOAnmiBB. See Zmc-iunicjjia, Onaaino 

Zisrc-ASK. The impure grey oxide, or suhoxido of zinc, formed when zinc is 
heated in contact with the air. 

ZinrcAZUKITB, This name is given by Broithanpt (Berg- n. Huttenm.-Zeit. 
VI. 101), to a blue mineral occurring in the veins of Baranco Jaroso, m the Sierra 
Almagreia in Spain, and containing, according to Plattner and Richter, cupric 
oxide, zmo-oxide, sulphuric acid, and a httle water. 

ZZBrCBZiBKBB. Native sulplude of zmc (p 1074). 

Zisrc-BBOOM;, or ZINCOWISE. a native hydrocarbonate of zinc. (Seo 
Caebonates, 1 708) 

zZKrc-BVTTBB. But^rum Zmm. — Syn. with Zrao-cHLoniDa (p. 1069). 

ZnrC-BimTBOBTB'S'lATB. (Seep 1077) 

zmCBXBYX., or ZXBrcEXHIBB. See Ziho-eamoles, Oboaoto (p 1076). 

ZX1XC-BXHYX.AMXXIAXE. (See p. 1077 ) 

ZXZrO-FAHXiORB, or copper-blendo ftom near Freiberg, is a tennantite (p. 720), 
having the iron partly replaced by zmc. 

ZUHO-FBOWEBS. Flores Ztttoi. — ^Zinc-oxide produced by combustion of the 
metal (p. 1078) 

zmcIoMOTMAXIIB.| SmiOBOPS CsLSMom (i 713). 

ZXxrciXE, orBed Zmc Ore. Native oxide of zinc containing manganese (p. 1074). 

ZIN'CKiai'XXE. Syn. with ZiEKEMint (p 1070) 

ZENrc-iaBXBTXi,QrZINC-lH;SXBZDE. See ZiNo-EAntai.ES, OEOAmo (p 1078), 

ZlKTCOnriSB. Syn. with ZiNo-mooM. 

zmrc-FBBB'VBABIZDE. A product of the action of zineethyl on aniline. 

ZIH’CFaYX.X.xXB. Syn. with Homra (in. 106). 

ZIHC-BABICBBS, OKCAITIO. Zinc unites with alcohol-radicles (methyl, 
ethyl, and amyl), forming compounds analogous in composition to zinc-chloride, or 
zme-oxide, and ropresented by the general formula Zn"R*. They are saturated com- ' 
pounds, not capable of uniting directly with oxygen, ehlonne, or other elements, and 
are therefore not radides in the proper sense of the word, like cacodyl, sbbtnmetliyl, 
stannethyl, &e. They are produced by heating zmc with the iodides of the aleohol- 
radiolss in sealed tubes, and by the action of zinc on the mercury-compounds of the 
same radicles. . The first method is host adapted for the preparation of zineethyl, the 
second for obtaining the methyl- and amyl-componnds. (l&e Oegano-mbtai.i,io Bobibs, 
iv. 219). 

Zlnoamyl, or Zluoamyllde, ZuCC'H'')®. — Prepared by heating zme with mer- 
curic amylide * 

Hg(C»H‘')’' + Zn’ =■ Zn(0“H>')“ + ZuHg. 

It is a colourless, transparent, mobile liqmd, of specific gravity 1'022 at 0°, boihng at 
220°. Vapour-density, oba = 6 95 ; calc (2 vols.) = 6 87. It decomposes gradually 
at 240°, yielding amylene and amylic hydride. In contact with the air it fumes, but 
does not take foe. When dropped into oxygen-gas, it burns with a dazzling white 
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(lame and slight explosion Its reactions witli oxygon, elilor no, and lofVme are pre. 
cisely analogous to tlioae of zincethyl (it. 226). 

Zlnoethyl, or Zlnoethlde, Zn(C2II‘)'‘ — This body, discovered by Frankland in 
1819, IS prepared by heating zinc, m a closed vessel, inth cthylic iodide mixed -mth 
etlier (iv 219). l?or preparation on the small scale, tho mixtiue is enclosed m sealed 
glass tubes, and heated in an oil- or air-biilh, for larger quantities the apparatus con- 
trived by Frnnlclimd, and described in the article Bath (i 621), is employed, — Pebul 
(Ann. Cli Phiirm crviii 22, cxxi 106). dehydrates equal volumes of other and othylie 

iodide with phosphonc anhydride, and heats the mixture, — in a tubulated retort filled 
■with carbonic anhydride ata pressure about one-fourth greater than that of the external 
air, — -with gianulated zino previously strongly etched mth sulphuric acid, and then 
thoroughly dried — Kieth and Bailstein (liid. cxiiii 246, cxxvi 248) boat an 
alloy of 4 pts. zine and 1 pt. sodium mth othylie iodide in a flask filled -with car- 
bonic anhydride Chapman adopts a very similar process, using a little 2moothyl to 
Sturt the reaction (iaiofatory, 1 195). Alexeyeff and Boilstein (Compt rend. 
1 x 111 . 171) heat 100 grms othylie iodide, in a similar manner, mth 7 or 8 grtes. 
zinc-sodium, and 70 to 80 grms zinc-cuttings — Zincethyl may also be prepared by 
heating gi'unulated zinc mth about half its volnmo of mercuric etbide in a sealed 
retort in the water-hath for 36 hours (Brankland and Diippa, Chein, Soo J xni 
3) — Zincethyl is also produced hy the action of zinc and mercury on sodium-ethyl 
(Wanklyn) . 

Zn + Hg -t 21iraC»H» - Zn(C»H»)2 + HglTa« 

Zincethyl is a transparent, colourless, strongly ro£i acting, mobile liquid, having an 
odour rather agreeable than otherwise Specific gravity = 1 189 at 18°. It does not 
solidify at —22°, boils at 118°, and distils without decomposition Vnpoiir-donhify, 
obs. = 4 269 ; calc. (2 vols ) = 4 262 In contact with the air it fumes, and quickly 
takes fire, burning -with a bright-greeu-edged flame, and giving off thick -white fumes of 
ziiic-oxido It is also rapidly decomposed by water, with formation of ethyho hydride 
and zino-hydi'ato 


Zn(0‘H‘)“ 4- 2H°0 = 2(C°H“H) + ZnH“0° 

The reactions of zincethyl mth oxygon, tho halogens, nitno oxide, sulphurous 
oxide, phosphorous chloride, oxalic other, ammonia, &e. have been already doscribod 
under OKGAJ 40 -uBrAiii.ic Bodies (it 225, 226). We here give some reactions dis- 
covered since that article was written — 

With oMande of acefyl and its homologues, zincethyl forms ketones, or tertiary 
alcohols, according to the manner in winch the reaction takes place When 2 at. 
chloride of acetyl is added by drops to 1 at zincethyl conUimed in a flask cooled 
to 0° and filled with carbonic nnliydride, a strong action takes ploce , and if the produet 
be immediately treated with ■water, a ketone boiling at 80° is obtained, having the 
composition of acetyl-ethyl, C'H*0 = In this case the reaction 

seems to take place between 2 at chloride of acetyl and 1 at. zmeotliyl 
20“H'OC1 ,+ Zn(0°H»)° = ZnCl° -e 2(0-H»0 C“H=). 

But if the liquid be left to itself for some days, it becomes viscid, and if it be then 
wanned and treated with -water, a largo quantity of comhiistible gas is evolved , uiid 
the liquid, acidiilatod wjth hydroohlorio acid and distilled, yields a tertiary alcohol, 
homologous mth psendohutyhe alcohol— viz , methyl-diothyl-oarbinol, 0“11''0 
[C(CH“)(^H*) ] jQ_ (See tho corrosponding rcaetion -with zino-methyl, p 1076 ) 
C/doriA: of hutyryl, C-‘II”001, yields mth zincethyl, in like manner, cither 
buty^l-ethyl, C^H’O.C“H*, or propyl-diethyl-carbinol, C*H*“0 = 

rC(C<Hn(C°H‘)°] |q_ (Freund, Ann. Oh. Phnrm cxvtii. 1 , Jahresb. 1860, p. 311.— 


Buttlorow, Bull. Sec Chim 1866, i. 17; Jahresb 1865, p. 460) — With cklm-%de of 
iaaeoyf, zincethyl yields benzoyl- ethyl, C'H“0 O'H' (Freund, lee. mf— Kallo, 
Ann. Ch. Pharm cxix. 1 65). — ^With ^hmylsiilphurotio o/tloride (p 664), it forms othylie 
chloride and phenylsulphnrous hydride (Kallo ) 

2. When zincethyl is heated in sealed tubes mtli cdlylto iodide, a coinpheatod rene- 
tion talms place, resulting m the formation of ethylene, propylene, ethyl, ethjlic 
iodide, allyl, amylone, amylic hydride, C'H'*, and dinniylene, 

(Wurtz, Ann Ch. Pharm cxxiii 202). — Zincethyl, heated with bromide of amylene 
to 120°, yields a liquid which has an aJUaeeous odonr, floats on water, and boils at 
80°. (Olevinsky, Jabrosh. 1861, p 664) 

8. Teiraohlonde oarbon, acts strongly on zmeethyl, forming ethylic chloride, ethy- 
lene, and propylene (Eieth and Boilstein, Ann. Cb. Pharm. cxxiv, 242); 

2CG14 -t- 3Zu(G“H“)’ = 2C“H"C1 -i iCm.* + 2G’H'> + SZnCP. 
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4 Ohloroi^m'm acta less strongly, prodneing amylono, and pvobaWy ethylic hydride, 
together with aniall quantities of ethylene and propylene (Keith and Beil stem) — 
With broimfm tti n strong action takes place, resulting in the formation of propylene 
und etliyhc hromida (Alexeyeff nndBailstein, Gompt rend. Iviii 172). 

CHBr» + Zn(C»H»)« = C“H» + C^ffBr + ZnBr'. 

Iodoform likewise acts strongly on zincethyl, apparently combining directly with it 

6 Ohlonodofom, added by drops to zmcethyl, forms chloride and iodide of zinc, 
together with ethylene, ethyl (tetryhc hydride), and free hydrogen (Borodino, Ann. 

Ch, Phiirm cxxn 239). 

2CHCM + 3Zn(C'>H*)<' 7C“H< + 2H» + 2ZnCl» + ZnP. 

20HCPI + SZn^C-^ff)* - + 20<H*“ + 2ZnGl“ + Znl’'. 

6 DioUonde of ca'i-hon does not act on zincothyl under the ordinary atmospheric 
pressure . — Tnchloiide of carbon is reduced to dichloride, with formation of ethyhc 
cMondo and zinc-ohlonde. 

7. Zincethyl is not attacked by oUonde of triethyUtibine, Sb(C^H®)*Cl^, even at the -a 
boiling heat , hut with the iodide it appears to form autimonie pentetbide, Sb(C“H“)^ 
which IS then decomposed according to the equation 

81(0“^)* = Sb(C*H“)« + + C“H». 

(Buokton, Chetm. Soc. Qu J. xrii. 126.) 

8. Pure zincethyl attacks amylio nitrite with great violonce, burating out into flame 
when placed in contact with it But if tlie zincethyl he considerably diluted with ether, 
and added to an excess of amylio nitrite, nitric oxide is evolved, and a honey-like mass 
is formed, which, on treatment with w.iter, yields amybc alcohol, ethyhc alcohol, 
etliyiio hydride, and probably othyl-amyho other, thus 

2N0(0®H“)0 + Zn(CW)* = + 2NO 


Zn(C^H')(0»H»0) + 2H*0 = Zn(H0)= + C>H«0. 

Zincetbyl-amvlate. Zinc>by Ethyl- AmyU 

dratf hydride. alcohol. 

The ethylic alcohol is probably formed by the action of water on the ethyl-amyl-ethor, 
(C^H*)(C‘H‘ ' )0, contained in the honoy-like substance. — ^When amybc nitrite is dropped 
into excess of zincethyl diluted with five or six times its weight of ether no gas is 
evolved , hut, nevertheless, the action appears to he the same as that just described, ex- 
cepting that the nitric oxide produced is immediately absorbed by the excess of zuic- 
etnyl, forming the compound of zinc-dinitroethylste with zincethyl doseribed under 
DnnTEOiiiTnYiio Aoin (iv. 81) — When only a small quantity of ether is mixed with 
the zincethyl, taethylamine is formed, as shown by the equation . 

^ioC«H'> * ® T 

‘ 2 ^OC*H" 

(Chapman and Smith, Ohem. Soo J. vol xd 1868 ) 

9. When amyha nitrate is mixed with undiluted zmcethyl m an atmosphere of car- 
bonic anhydride, no change takes place at first ; but if the mixture he exposed for an 
instant to the mr, it explodBS*with a vivid flash of light and sharp report, and with 
extreme violence if heated to about 40°. Dilution with ether renders the reaction 
manageable, and if the mixture be then heated to 110°, complete decomposition takes 
jilaeo. (Chapman and Smith ) 

Eespocting the action of zmcethyl on other compound ethers, see Okuano-mtawo 
Bodies (it 226), and OxAuio Bthbes (iv. 272). 

10. With monoottonnated ethylic oxide, zincethyl yields a hquid having the com- 
position G“B['*C10, .appaiently C^H®G1(G“H*)0, or monochlorothylic oxide having 
ouo atom of the hydrogen replaced by ethyl, (Lie ben and Bauer, Ann. Ch. Pharm. 
exxm. 130 ) 

1 1 Zincethyl, gently heated for some hours with aldehyde, fonns a compound hai - 
ing nearly the composition of acetal — On vdeicd and cenanthol it appears to exert a 
dehydrating action (Eieth and Beilstein) — Btitcr-alnimd ml is strongly attacked 
by zincethyl — Acetone nets strongly on zmcethyl, especially when hoate^ forming 
an oil having, in general, the properties and nearly the composition of phorono, 
C«H"0. 

12. An ethereal solution of zincethyl, added in excess to amylene disxiVphoeltlonde 
(i 209), separates into two layers , and on adding water, and: di'ying and distilling the 
oil which floats on the surface, the compound C^H-^S^CP passes over between 240° 
and 260°. (Guthrie, Ann Ch. Phaim. cxxi 108 ) 
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13. Cariamc disulphide unites with zmcethyl, forming the compound 'C*H‘'’S.ZnS, 
as a brown shining mass, whieh gives off sulphide of smylene, when heated. 

(Grab owski, Ann. Ch Phann. exxxvm 166, Jahresb 1866, p. 603.) 

Zlno-methyl, or Zlno-metlitae, Zn(CH“)*. — This compound, also discovered by 
Prankland in 1849, is formed by heating methylic iodide with zinc in sealed tubes to 
150° , but the method is not advant^eous, since a large quanti^ of methyl-gas is 
formed, and escapes forcibly on opening the tube, earring the zinc-methyl with it. 
The preparation is greatly raoilitated by mixmg the methylie iodide with two-thirds of 
its bulk of ether, and heating to 100° in the copper apparatus used for the preparation 
of zincethyl (p. 1076). On rectifying the product, a liqiud boiling at 61° is obtained, 
consisting of zinc-methyl, mixed or combined with ether in the proportion of 2 at 
Zn(0H’)“ to 1 at. (0’H'i?0. — ^When methylie ether, condensed by pressure, is used in- 
stead of ethylic omor to dilute the methylie iodide, a liquid, boiling at 43° to 48°, is 
obtained, consisting nearly of 2 at Zn(CH“)“ to 1 at. (CH®)^0. Neither the ethylie 
nor the methylie ether can be separated from the zinc-methyl (Prankland, Ann. Ch. 
Phorm. CXI 62) Pure zinc-methyl may, however, be obtained from the mixture of 
zino-methyl and ethylic ether ynst mentioned, by enclosi^ it in a sealed tube with zinc 
and methyhc iodide, heatmg the mixture to 100°, and distilling the product. The dis- 
tillate contains a larger proportion of zinc-methyl than tlie original liquid, and by 
repeating the process a certain number of times, nearly pure zino-methyl is obtained 
(Wanklyn, Ohem. Soc. Qn J xiii. 124) According to Prankland and Dnppa, 
however (Ohem. Soc J xvii SO), the best mode of preparing pure zino-methyl is to 
heat finely-granulated zinc with half its volnme of merounc methide in a sealed tnhe 
to 120° for 24 hours, and distil off the product. 

Zino-methyl is a colourless liquid, of specific gratify l'S86 at 10-6°, and boiling con- 
stantly at 46° (Prankland andDuppa). Vapour-densify, obs. = 3 291; calc. (2voIs )t= 
3 296. The vapour bears a temperature of 200° without decomposition, but at 270° 
it decomposes, with separation of zinc and gaseous hydrocarbons, (W anklyn ) 

Zmc-mcthyl takes fire immediately m contact with the air, and burns with a bright 
greonish-blue flame ; in oxygen-gas it hitrns with explosion. Small quantities of its 
vapour mixed with combustible gases render them spontaneously inflammable. 

In its ohenucal reactions, zino-methyl exhibits for the most part a close analogy to 
zincethyl ; in some eases, however, differences are observed, as with sulphurous anhy- 
dride (lii. 1003 ; iv. 225). — Water decomposes zinc-methyl, with evolution of marsh- 
gas (methyho hydride), and separation of zinc-hydrate. 

"With oMoride of lead, zinc-methyl forms plumbic dimethide, Pb(OH’)’, and zino- 
ohlorido, with separation of lead. (B uttlerow, Bull Soc. Ohim. 1863, p. 696.) 

An ethereal solution of zinc-methyl added to iodide of stamethpl, or atamio ioi- 
eihde, Sn’'(0’'H“)*I’, forms iodide of zinc and stannic ethyloinethide,Sn*’(C®H*)’(CH*)*. 

"Witiimerouno chl^ethide, zinc-methyl appears to form, in the first instance, mercuric 
ethylomethide, Hg(C’‘H*)(CH*), which however is resolved by repeated distillation into 
mercuno ethide and mercuric methide 

_ Jiitimonio di-iodoirmethide, Sb(CH*)*P, acts strongly on the ethereal solution of 
zino-methyl, forming antimomous methide (stihmethyl), Sb(CH®)®, and antimonio pen- 
tamothide, Sb(CH"y, which cannot be completely separated one from the other. 
(Buckton, Ohem See Qu. J. xui. 116.) 

With oUonde qf acetyl and its homologues, zinc-metbyl acts like zinc-ethyl, yield- 
ing acetones or tertiary alcohols, according ns the product of the reaction is treated 
with water immediately, or after some time only. In the ease of chloride of acetyl, 
the product formed in the first case is ordinary acetone, or acetyl-methyl, C'H’O.CH® ; 
hut when the liquid formed by gradually adding 1 at. chloride ot acefyl to 2 at. zino- 
methyl, is left to itself for a few houra,it solidifies to large rhombic prisms of the com- 
pound C“B[“Zn*OCl = C‘H“001+ 2Zn(CH“)^ The reaction, however, appears to 
take place in the manner represented by the equation CO CH®.01 + 2Zn(CH’)‘' = 
^(*CH^u)’ I ® (C*H“Zn)'01, inasmuch as the crystals, when treated with water, are 

resolved into marsh-gas, zinc-hydrate, zmc-chloride, and tertiary bufylio alcohol (tn- 
metbyl-oarhmol) . 

ChI 21° + CH»ZnCl + AH’O - ^ + 2ZnH=0“ + HOI. 

With cMoride of butyryl, in bko manner, zinc-methyl yields either hntyiyl-me- 
tliyl, C*H’O.CH', or tertiary oetyhe alcohol (propyl-diethyl-carbinol), 0®H‘“0 => 
|o. (Buttlerow, Zeitschr. Ch. Pharm 1864, pp 365, 702, Jahresh. 
1864, p 496, Bull. Soc Chim 1866, i. 17; Jahresb. 1866, p 460.) 

With ohlondeof caihonyl (phosgene), zinc-methyl forms also a crystalline compound 
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wHch, when treated with water, yields a disbllato, apparently consisting of tlie com- 
pounds 0^E‘”O and C’H*0, 

Ethyho oUorocarbonate (i. 916) is strongly attacked by ziuc-methyl at a gentle heat, 
yielding zinc-chlonde, carbonic anbydnde, ethylene, and marsh-gas. — methylv) 
oKlorooarbonate, the Mtion is similar, but leas energetic , the substances must be heated 
together in a sealed tube, and even then the decomposition is not complete (But- 
tlerow, Bull Soc. Ohim, 1863, p. 688.) 

ZlKC-SPAB. Syn. with CaiiMma (i. 713). 

ZXNC-SVIHSIX.. Syn. With Gahntmi (u. 767). 

ZZNCirjn. Syn. with Zmo (p. 1067). 

lUfC-VlTRIOIi. Syn. with Zino-siiMPKA.m (See Suipkatbs, p. 617) 
ZIBro-VXXaxTE. Syn. with SnjOBona Gauuiikb (i. 714). 

Zxirc-WHXTE. Zine-oxide used as a pigment (p. 1073). 

ZIHaiBEB. See Ginqbb (ii. 888). 

ZIN'KBM'XTE, Pb''Sb’.S* = Pb"S.Sb’S". Tmakcimtc. Bbomhohedral Dystome- <» 
glanoe . — aulphantimonite of lead, occurring in the antimony-mine at Wolfsberg in 
the Harz, in tnmetric crystals, nsually m twins, as hexagonal prisms terminated by 
low hexagonal pyramids , lateral faces longitudinally striated , sometimes cohimniir, 
fibrous, or massive. Cleavage not distinct. Hardness =? 8 to 3 6 Speeiflo gravity 
ra 6 30 to 6 36. Lustre metallic Colour and streak stael^^rey. Opaque Krac- 
tnre shghtly uneven (H Eos e, Pogg. Ann. viii. 99. — ^Brun fieri, Berg u huttenni 
Zeit. 1853, No 2.— Dana, u. 74.) 

ZIPPEXTB. A basic uramo sulphate found at Joachimsthal in Bohemia. 
ZIBOOir. ZIKCOI7ITE. ZrSiO‘ = ZrO’ SiO*. Jargon. Hyaamth. — Aminoral 
occurring in quadratic crystals, the predominant faces of which are P, ooP, a>P« 
Length of principal axis = 0'6406. Angle P : P (terminal) — 128° 19', P P 
(lateral) = 84° 20'. Cleavage imperfect parallel to »P. Occurs also in irregidar 
forms and in grama. Hardness = 7 6. Specific gravity = 4 0— 4-76. Lustre more 
or less adamantine Colour red, brown, yellow, gi'ey, or white. Sb'eak nncoloured. 
Transparent to subtranslucent. Fracture eouchoidal and hriUiant. Before the blow- 
pipe it loses colour, but is infusible alone, also with sodinfn-oarbonate and miorooosmio 
salt. With borax it melts with difficulty to a diaphanous glass, which, with more of 
the flux, is opaque. 

Pure zircon contains 33 2 per cent, silica and 66'8 zircoma , some specimens con- 
tain small quantities of lime and ferric oxide 

The name hyamnth includes the bright-coloured varieties of zircon, which are some- 
times largo enough to he valuable as gems ; the greyish or brownish kinds are called 
moonite. A variety from Ceylon, winch is colourless or has only a smoky tinge, and 
is therefore sold for inferior diamonds, is sometimes ealledyaryon. 

Hyacinth occurs in the sand and alluvial deposits of certain rivers in Ceylon , at 
Expailly, near La Puy, in France , at Ohlapian in Transylvania, Pfttsch in the Tyrol, 
Bmn in Bohemia, Lebnitzfin Saxony, occasionally in volcanic tufa in Auvergne; also 
in Greenland ; in the zircon-syenitp of Fxederichsvarn in Norway j near Brevig, some- 
times called Erdmannite , at Miask, in the Urals; in the iron-mines of Arendal , also 
in Scotland, at Scalpay in Harris, and in the granite of Onfifel in Kirkeudbrightslnre , 
on Vesuvius, with ryacolite, in white and blue octabedrons ; at Santa Eosa, in New 
Granada, in small colourless crystals , and at several localities in North Carolina, 
New York, New Jersey, Pennsylvania, Cabfomia, and Canada (Dana, ii 196) — 
Breithaupt’s Osiramte, supposed to be from Frodencbsvarn, is a greyish-brown 

Zircon is one of the most nnaltcrahle of minerals, hut is sometimes found ,an a 
hydrated state, and is probably acted upon by alkaline waters, which take up part of 
the sdicB oalypohte (i. 723), malacone (iii. 784), a/rstedtiie (iv. 179), and tackywphal- 
tde (v. 064), appear to be zircons thus oltered 

ZXKCOSTATEB. See ZinCONiUM, Oxmu on (p. 1084). 

ZXBCONIA. Oxide of Zircomum (p. 1083). 

ZXBCOHXC ACXE. Zireonia in combination with bases (p. 1084). 
ZXECOITXTE. See Zmoon. 

ZIItCOiXXTTnX. Symbol, Zv, Atomic WeijrAf, 89 6.— An element belonging to the 
group of earth-motals, and apparently forming a link between alnmmium and sihcium. 
lljs oxide, zirconiiv, was first obtained from zircon, and recognised as a peenlmr subatanee 
by Klaproth, in 1789, it has since been found in eudiaiyte, polymignite, cerstsdtite, 
forgnsomte, and oatapleiito. Aschymte, foifherly suppos^ to contain zircomum, has 
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been shown, by recent experiments of Hermann (Bull Soe, Chun. 1866, ii. 336) to 
be free from it. , ^ 

Metallic zirconium is capable, like silieium, of existing in three states— amor- 
phous, erystnlbne, and graphitoidal — Aiiwrphoits micwiinm was obtained by Berzelius 
(in 1824), in the same mannei as amorphous sihcinm and boron — namely, by heating 
a mixtiu’e of potassio-arconic fluonde with potassium, digesting the fused mass with 
water containixig a little hydrochloric acid, and washing the metal which remains 
undissolred with sal-ammomac solution, and then with alcohol It may also he pre- 
pared by passing chloride of zirconium in vapour over sodium contained in a red-hot 
poi celaln tube, or by heating sodio-zirconic chloride in a crucible with sodium or mag- 
nosram (Troost, Compt. rend Ixi 109, Bull. Soe. Chim. 1866, i 213). Zirconium 
thus obtained is an amorphous powder, compressible under the burnisher into thm, 
faintly lustrons, grajilutic laminse In the unigrated state it diffiises itself through 
water in extremely fine particles, which pass throngh a filter , but it settles down slowly 
on standing, more quickly on addition of acids or salts It does not conduct electricity, 
IS not altered by ignition in hydrogen , but if it be then brought in contact with the 
air, after cooling, the metal heeomes heated to redness, in consequence of the hent 
evolved by the absorption of the air. When heated in the air, it takes fire at a heat 
considerably below redness, and bums with a bright light, forming zirconia. It is 
but little attacked by the ordinary acids, or by nitromuriatio acid , hut hydrofluorio 
acid dissolves it readily, with evolution of hydrogen, and a mixture of hydrofluorio 
and nitric acids attacks it vary energetically. 

OrijsicMme ziroomwm is prepared by heating 1 pt of potossio-zireonic fluoride with 
pt aluminnim in a plumbago crucible, to the melting-pomt of iron. When t!te 
crucible has cooled, the suidace of the alnmmium is found to hecovored with foliated 0170- 
talline laminiB, consisting of nearly pure aircomum, which may be separated by dissolving 
out the aluminium with hydrochlonc aeid. Crystalline zirconium tlms obtained is 
very haid, and robemhlcs antimony in colour, lustre, and brittleness It crystallises 
111 broad laminae, apparently derived from a monoclimo prism Spcciflo gravity = 
4'16, It IS less fusible than siUcium, and burns only at the temperature of the oxy- 
hydrogen-blowpipe It takes fire at a red heat in chlorinu-gas, and decomposes 
hydroohlono acid gas at the same temperature. It is but slowly attacked by siil- 
phime, nitric, or hydrochloric aeid, even when heated ; hot nitromuriatio acid attacks 
It rapidly , bydroflnorie acid also dissolves it readily, even m the cold (Troo s t ) 
Graphiiotdal sireonium appears to be formed only under peouhiir oiroumatances. 
Troost, m attempting to decompose zirconato of sodium with iron, obtained zirconium 
in small very light scales, of a steel-grey colour. 

Zirconium is a tetralomie element, like sihcium, its oxide being ZrO®, the ohlonde 
ZrOB, &e It forms but ouo class of compoimds with chlorous elements. The oxkle 
is capable of actmg both as a base and as an aeid. 

ZlRxiOHlTnw, BKOMlsss OS'. A solution of zirconium-hydrate in hydro, 
bromic acid loaves, on evaporation, a hydrated bromide in oiystalhne grams, which 
are resolved by heat into zirconia and hydrohromie acid. (Berzelius ) 
ZXRCONlUlia, caXiOXUim or. ZtOl'.— This compound is formed, with in- 
candescence, when zirconium is heated in chloinne-gas , also by heating a mixtiu'e of 
zii Cun or zirconia with charcoal, in a stream of dry chlorine, in which ease it eoUeots in 
the cooler partof the apparatns as a white sublimate Its vapour-density, as determined 
by Devillc and Troost (Aun. Ch Pharm cv 213),i8 8T5, by calculation fi'om the 
formula, ZiOB, for a two-volume condensation, it is 8"0 The chlondo dissolves easily, 
and with rise of temperature, m water., 

A hydrated chloride is obtained, by evoporating a solution of zirconic hydrate in 
hydrochloric acid, in colonrless silky needles, havmg an astringent taste, eaeily soluble 
in water and in alcohol, sparingly soluble m concentrated hydrochloric acid. (Berze- 
lius ) 

These crystals become opaque at 60°, ^ving off port of their water and half their 
hydrochloric acid, and loavmg a basic ddorido or oxychloride contammg ZrCl' ZrO“. 
18H’0, or ZrOCB OffO The same compound Is obtained, in stellate groups of white 
silky prisms, on evaporating the aqueous solution of zirconrara-chloride. These crystals, 
when heated, become white and turbid, and are converted into the anhydrous dioxy- 
chlonde ZrOI* 2ZrOi (H ermann.) 

ZIBCOWKIM, SBTBCTXOn AMB ESTIKATZOKT Or. The reactions 
of zircomiim-valts mth alkalis, alkaline carbonates, and ammonium -.sulphide are very 
similar to those of thorinum, yttnum, and the metals of the cerium-group The precipitate 
formed by caustic alhalis and ammonia contains alkali, and is insoluble m excess of 
the reagent (distinction from aluminium and glucinnm), also in sal-ammoniae The 
precipitate fomed by allaiine carhnnatcfrmA Mcarbmatos redissolvos in excess of the 
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reagent. — A chai'acteristio reaction is afforded hy a hot concentrated solution of 
pntassio suljpnate, which, when added to a hot solution of a zirconiuin-salt, throws 
down the zirconium as hasie potassio-zirconic sulphate, insoluhle in water, and neiuly 
lUHoluhle even in a large quantity of hydrochloric acid — Ziicoiiium is precipitatell 
fiom itb solution by boiling with hyposulphite of sodium, a character by which it may 
be diatinginahed from jttrium and the cerium-motals ITtoiu cerium and from didy- 
imiim It is further distinguished by not giving any coloured reactions before the 
blowpipe. The methods of distingiushing it from thonnnm have already been given 
(p. 786). 

Eor the qvanhtaUve estimation of zirconium in sohitions containing only volatile 
acids, it is sufficient to evaporate to dryness, and igmte the residue, whereby zu'conia, 

IS obtained, containing 73 68 per cent, of the metal. Zirconium may also be precipi-Jp^ 
tated from such solutions by ammonia as a basic salt, which also leaves pure zireonia 
when Ignited. 

From yttrium, the cerinm-metals, and iron, zirconium may ha separated by 
boiling tbe solution with hyposulphite of sodium, which precipitates the zirconium 
alone as hyposulphite This precipitate when ignited leaves pure zireonia To effect 
complete separation from the ccrium-metals by this method, tho solution must be dilute. 
Eor separating zirconi urn from i r o n (as feme !!alt)hy the same method, Chancel (Ann . 
Ch Pharin. cviii 237) and Stromeyer {tlnd. cxai 127) recommend that the dilute 
solution, after being nearly saturated with sodic carhonate, be mixed cold with, sediq./ 
hyposulphite till it is completely decolorised, if the liquid ho then boiled as Jong' < 
ns sulphurous anhydride continues to he evolved, the zirconium is completely pre- • 
cipitiited ns oxide, while the whole of the iron remains dissolved as ferrous salt 
The separation of zirconium from these metals may also be effected hy treating the 
boilmg solution with sulphate of potassium, and adding a drop or two of ammonia, 
whereby tho zirconium is precipitated, and the other metals remain dissolved. 
(H Rose) 

Precipitation with hyposulphite of sodium serves also to separate zirconium from 
phosphoric and borioacids. 

Prom tliorinum, zirconium is separated by oxidate of ammomum, which, when 
added in oxooae, precipitates die thormum as oxalate, and holds the zirconium m 

From titanium, tantalum, and niobium, zirconium may bo separated by prsci- 
pitatioii with sulphate of potassium 

Atomic Weight of Zirconium, — ^Berzelius (Pogg. Ann. iv 124, viii. 186) 
found that sulphate of zirconium contains 76 683 pts. zireonia to 100 pts. sulpoario 
anhydride (mean of eight experiments). Hence the atomic weight of zirconium is 44-7, 
07 0, or 89'4, according as zireonia is regarded us ZrO, Zr'O", or ZrOb Hermann 
(J. pi Chem XXXI 77), by the analysis of chloride of zirconium, obtained very nearly 
the same mimeric.il results. Now the vapour-density of the chloride calculated from 
the formula ZrCP, with Zr = 88'4, for a two-volume condensation, agrees very 
nearly with the experimental number obtained hyDeville and Troost (p. 1080); and 
Mimgnao has shown that double-salts of zirconium-fluoridc are isomorphons with 
those of silicium-fluoride Hence zircomum is regarded as a tetratomic element, 
having the atomic weight 89 4. 

ZlRCOWIxrnx, rXiiroRXSE of. ZrPt — Strongly Ignited zircoma dissolves 
with difficulty in hydrofluoric acid • the hydrate dissolves abundantly. Anhydrous 
snrconium-fluoi-ide is formed by heating zireonia with twice its weight of ammoniiunc 
hydrogen-fluonde (ii. 670), till tho fluoride of ammonium is completely driven off. It 
dissolves readily in water acidulated witli hydrofluoric aeid , and when its solution 
containing excess of hydrofluoric acid is evaporated, hydiatcd zvrconitmi-Jluvmk, 
ZrE-* separates ont in small, shining, triclimc crystals, mostly of the tabuliu? 
form. They give off hydrofluoric ncad ns well as water when heated, and if the heat 
bo continued for some time (even below redness), pure zireonia remains behind. 
Fluoride of zirconium dissolves without decomposition in dilute hydrofluoric acid, hub 
when it is dissolved in pme water, a basic fluonde or oxyfluorido separates out. 
(Marignac ) 

Pluoalroonates, — Zirconium-fluoride unites with many other metallic fluorides, 
forming double salts isomorphons with the corresponding flnosiheales (sUicofluorides, 
p 271), fluostannates (p 813), and fliiotitanates (p. 840). The ratio of tho flnorino 
of tho ziieonium-fluoride to that of the basic metallic flnorido in tlieso salts is as 
1 1,1 ; 1 • 2 ; and 1 4 , the aodinm-salt alone exhibiting the ratio 6 • 8. 

The general formulse of the flnozvrconates .are, therefore. 4MEZrE*, SME.ZiF', 
2MF.ZrEt and ME.ZrPt the sodium-sidt alone having tho tonnula 5NaF.2ZrF^. Tho 
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fluozirconates have been examined ehiefly by Marignae. (Ann Cb.,Phys. [S], Ix. 
257 , Ann. Ch. Pharm, exr. 369 ; Jahresb 1860, p. 136, et ncq.) 

The fluozHCOnates are mostly solnble in water, and crystallise well. They are pre- 
pared by mixing the component fluorides, or by dissolving a metallic oxide or carbonate 
in a mixture of ziiconimn-flnondo and hydrofluoric acid 

The fluozirconates of barium, strontium, and calcium are insoluble in water , conse- 
quently the Bolutionaof fluozirconates are precipitated by salts of these metals. “When 
a solution of ziroouium-fluonde containing free hydrofluoric acid is mixed with carbo- 
nate of barium, carbonic anhydride is expelled, and a precipitate is formed, consisting 
of a mixture of insoluble barium-zirconium fluoride with insoluble banum-fluoride , 
similarly with the carbonates of strontium and calcium. 

Many fluozirconates dissolve without decomposition in water, either hot or cold. 
Many are decomposed when their aqueous solutions are boiled, part of the basic metal- 
Uo fluoride being deposited, and a fluozucconato containing 2MF.Zi'F* remaining in 
solution. Most fluomreonates, when heated in contact with moist air, give off all their 
fluorine as hydrofluoric acid, leaving a mixture of zirconia and the oxide of the other 
metal , when heated with a suflloient quantity of sulphuric acid, they yield a mixture 
of ziroomum-sulphate with the sulphate of the other metal. 

Fluoztroonatea of Ammonium — ^The dmmnwnio salt, 2(NH‘)P.ZrF*, forms 
rhombic crystals, Isomorphous with, the potaasium-salt : they do uot lose weight at 
100®.— The tmOTWiowcsott, 8(NH')F.ZrP^ crystallises from a solution containing a 
large excess of ammomum-fluoride, in regular cubo-octaliedi'ons 

Barium- salt. -A solution of the potaBsium-salt, mixed with chlonde of barium, 
yields a white precipitate, consisting of 3Ba"P.2ZrF'.2H-0, or perhaps a mixture of 
this salt with barium-fluoride. 

Cadmium- salts. — Thedioaiwio salt, 2CiIF’.ZrFb6H’0, forms monodnoio crystals 
isomorphous with the manganese-salt, and having the angle «P • coP = 79° 31' 

+ P +P = 100° SO’, +2P : +2P = 76° 24', oP coP = 108° 29'; oP : 
ojPco =. 119° 43'; the same crystals are obtained by reorystallisatiou from water. 
A solution eontaimng excess of zirconium-fluoride deposits the suit CdT’*.2Zi'P^.6H*0, 
in fan-shaped groups of laminar crystals 

Copper-salts. — The tiieupno salt, 3GuP''.2ZrP‘ 16H*0, forms monoolinio crystals, 
and orystiillisps unaltered from solution in water , hut a solution containing excess of 
ziroonium-fluonde deposits, besides the larger crystals of this salt, light-blue crusts of 
ziroomum-fluoride contaminated with adhering copper-salt. 

Lead-salt — When a solution of zircomum-fluorido in hydrofluoric acid is satu- 
cated with carbonate of lead, fluozirconate of lead partly remains undissolvod and 
partly dissolves, the solution yielding on evaporation a graniilo-crystallino salt, which 
is quickly decomposed by water, especially in presence of hydrofluoric acid, with sepa- 
ration of lead-fluoride. 

Magnesium-flnoziroonate, MgP ZrP-*, forms small shining ciystals with curved 
faces, isomorphous with the manganese-salt It is only sparingly soluble in water, 
but crystallises by slow evaporation, often in twins By prolonged beating in contact 
with the air, it is converted into magnesia and fluoride of arcomum. 

Manganeae.-salts, — The monomanganous salt, MnP* ZnPb6II-0, forms mono- 
climc crystals, isomorphous with the magnesium-salt, but the faces aie flat and more 
numerous the crystals cleave imperfectly paraUel to oP By prolonged heating in 
the air it turns black, and is converted into manganic peroxide and zirconium-fluoride. 
— A-solufcion containing excess of zircomum-fluorido yields rose-culoured monoolinio 
crystals of the dimanganous soli, 2Mn3?* ZrP*.6H“0, which dissolves in u ater without 
alteration, and is not decomposed even on heating the solution , but when hot water 
18 poured upon the crystals, fluondo of manganese separates, and the solution yields by 
evaporation crystals, of the preceding salt. 

Niol:ol-salts— The normal salt, NiP’.ZrF*.6H*0, forms hexagonal prisms, tei'- 
minated by faces of a rhomhohedron of 127° 10', and cleaving parallel to the prismatic 
faces.— The salt 21>riP’.ZrP‘.12H;''0, produced in presence of an excess of nickel-fluo- 
ride, forms monoelmio crystals of a fine emerald-green colour, but mostly indistinct : 
they (bssolve without decomposition in water, hut the solution, when boiled for soma 
time, becomes turbid fimm separation of niokel-fluonde. 

Muoifiroonate of Nwkd and Botamim, NiP 2KII?.2ZrF*.8H*0, separates in small 
but regular monodimo crystals, on mixing tho solutions of the component fluoziroo- 
nates. It is slightly soluble in water, does not lose water at 100°, but at a higher 
temperature gives off water, together with hydrofluoric acid. 

Potassinm-salts. — The dyiotesm «a77, 2KP,ZrF‘, maybe prepared by igniting 
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zircon with ^ or 3 pts hy weight of acid potassinm-fluoride, hoilmg the resulting mix- 
ture of fluosihcate and fluozirconate of potassium with water containing a little hydru- 
fluonc acid, and filtering. The potassinm-flnozirconate then separates on cooling, in 
anhydrous rhombic crystals terminated by six-sided pyramids. Itdissolvos in 128 pts. 
of water at 2°, in 71 pts at 16®, in 69 pts. at 19®, and in 4 pts. at 100°. The crys- 
tals when heated to redness form a doughy mass, which, on exposure to moist air, 
gradually pves off all its fluorine as hydrofluoric acid Prom dilute solutions the salt 
13 obtained m larger crystals — The monopotassic salt, Kl? ZrF* H“0, separates from a 
solution containing a large excess of zircommn-fluoride, in ill-deflned monoelinic crys- 
tals, which give off their water at 100°, and hydiofluoric acid at a higher temperature. 
When reerystallisod from water they yield the preceding salt —The tnpoimmo salt, 
SEF ZrlF*, crystallises from a solution containing an excess of potassium-fluonde, in 
very small but well-defined regular octahedrons, or cuho-octahedrons, which decrepitate 
when heated, but do not contain any water of crystalliBation. They dissolve in water, 
and tlie hot saturated solution deposits the dipotaasic salt on cooling. 

Sodium-salt, 6Nal?2ZrT’'. — ^This salt is always formed, in whatever proportion 
the component fluoziroonates may be mixed. It forms small’, mostly indistinct, mono- 
chiiio crystals, soluble in 258 pts. water at 18®, and in about 60 pts of boiling water. 
On account of this slight solubility, the salt may be obtained by precipitating the more 
soluble fluozu’oonates with chloride of sodium. The dry crystals do not decompose at 
a red heat 

Zino-salt, ZnF’.ZrP* GH^O. — ^This salt, isomorphous with fluosilicate and flue- 
atannate of zinc, crystallises m rather large, regular hexagonal prisms, terminated hy 
rhomhohedrons, and cloavahle parallel to the faces of the hexagonal prism ; they are 
very soluble in water. A solution containing excess of zme-fluoride, deposits the salt 
2ZnF^.ZrI'hl2H-'0, in monoelinic crystals, isomorphous with tlie corresponding nickel- 
salt , they dissolve completely in cold water, hut the solution when Tioiled deposits 
fluoride of zinc. 

ZIRCOMIVIM, I7XTBIDB OP. Zirconium strongly ignited in a rapid stream 
of ammonm-gas, yields a brown or black body containing nitrogen Mallet (Sill Am. 
J. sxnn. 346), by fusing amorphous zirconium with aliuniuium, in a cracked hme- 
orucible, obtained a dark-grey porous mass, which, when treated with hydrochloric acid, 
yielded microscopic cubes, having a golden 'lustre, not altered hy nitromuriatio acid or 
aqueous alkalis, hut giving off ammonia when fused ■with potassie hydrate. 

ZIRCOMTirK, OJCXDB OF. Zirconia, 2iiO’ — This compound, the only known 
oxide of zirconium, is formed when the metal is heated to redness in contact with the 
air, or fused with the hydrates, carbonates, or hydrated borates of the alkah-metals. 
Zmeoiiium is likewise oxidised, thohgh slowly, hy boihng -with uitromuriatic or con- 
centrated sulphuric acid. 

Ziroonia is prepared from zircon. The mineral is heated to rofiness and quenched 
in water, and the lumps (best those which are colourless, because free from iron) ai'o 
finely pulverised and levigated. The levigated powder is mixed -with four times its 
weight of sodium-carbonate, and very strongly heated in a platinum crucible, Hen- 
neberg and ‘Wackenroder add a small quantity of nitre. Berzelius ignites tho pul- 
verised zircon with 3 pts. of sodium-carbonate, and lays small pieces of sodium-hydrate 
on the Ignited mass &om time to time, in such a manner that they may not touch the 
enioible. The pulverised zircon may also be decomposed by fusion -witb 3 or 4 pts. of 
sodium-hydrate in a silver crucible. 

The disintegidted mass is supersaturated -with hydrochloric acid, the liquid evapo- 
rated nearly to dryness to separate the silica , the residual mass- digested with water ; 
and the filtered aolutiou treated with excess of ammonia, whereby urrcouinm is preapi- 
tatod, generally mixed with feme oxide. 

Th’eTbest method of separating the iron and obtaining purq zirconia, is to redissolve 
the precipitate in hydrochloric acid, and boil the solution with hyposulphite of sodium, 
whereby hyposulphite of zirconium as precipitated, while tho whole of the iron remama 
in solution as ferrous salt. The washed precipitate is then boiled with hydroehlorio 
acid as long as sulphurous acid contmues to he evolved, and the solution of zirconium- 
chloride thus obtained is mixed with ammonia, whereby the zirconium is precipitated 
as a hydrate, which, when ignited, leavee anhydrous zirconia (Hermann) If the 
treatment with hyposidphite of sodium he conducted in the manner recommended by 
Chancel and Stromeyer (p 1081), a precipitate of anhydrous zirconia is at once 
obtained. 

The iron may also be precipitated by mixing the solution of zirconium -chlonde 
containing iron with tartone acid, then bupersaturating with ammonia, and adding 
sulphide of ammonium. The iron is thereby piccipitatod as sulphide, .ind the flltci i d 
hquii, ovi'por-alod and ignited in contact -with the air, leaves pure ziiconia. [For 
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other methods of sepnration, see Hiindn d. Chem ix. 1059, Gmolin^’s Handhoolr, 

Miuignac decomposes zircon by ignition with hydrogen-ammoniiim-fliioride in the 
manner already doseribod (p 1081), heats the tluoziiconate of potessnim tlienhy 
obtained with strong snlphnne acid, and washes the strongly ignited residue with 
boiling water , pure zireoma then remains behind. 

Ziiconia, according to the mode in which it has been prepared, forma a white, taste- 
less, inodorous powder, or hard lumps of spceille gravity 4 S 6 to 4'8, which scratch 
glass and give sparks with steel Dovillo and Caron (Ann CU Pharm cviii. 55), 
by Igniting flnoride of Kirconiiim with borax in a eloeod crucible lined with charcoal, 
obtained zireoma in dendntic groups of small crystals rebembhng sal-ammoniac. 
“When zirconia is fused with borax in a pottery-furnace, and the rosidue exhausted 
with hydrochloric acid, the zirconia remains in transparent, colonrless, nncrogeopic, 
qu.adi-atic prisms, isomorphoiis with tinstone and rutile, haviiig a specific gramly of 
5 71to6 72, and capable of polarising light. (Nordenskjold, Pogg, Ann. cxiv 612 ) 
When zireoma, prepared at the lowest possible temperature, is heated to commencing 
redness, it glows brightly, becomes dense, and is afterwards insoluble in ordinary 
acids, dissolves with difficulty even in hydrofluoric acid, and can be dissolved Only by 
strong sulphurio acid, the finely pnlvoriBed earth being heated with a mixture of 2 pts. 
oil of vitriol and 1 pt water By ignition with charcoal m a stream of chlorine, zu’- 
conm IB converted into chloride of zirconium. 

Hydrate nfZirconm, or Hydrate o/Zifcoiwim.isprocipitatedfroin zirconium-salts by 
ammonia. A^en locently procipitatod, it is a white bulky jelly, but shrinks in drying 
into a yollowish, translucent, gummy mass, having a conchoidal fracture. The diy 
hydrate has, according to Berzelius, the compoailion, = ZrO® H'O ; accord- 

ing to llermann, the hydrate dried at 17°, is Zr'’H^O' =» ZrO“ 2H'0 (That obtained 
by Borzelins was piobably dned at a higher temperatnro.) When ignited, it leaves 
pure zirconia It dissolves in 6,000 pts. of water , the solution reddens turmeric- 
paper (Brush ) 

Zireoma acts both as a buso and as an uoid hence called ziroonio aoid. The 
hydrate, when precipitated lu the cold and washed with cold water, dissolves easily in 
acids if precipitated from hot solution, or washed with hot water, it dissolves only 
111 ouncentratod acids The saturated solutions have an astringeut sour taste, and 
redden litmus. [Bor their behaviour with reagents, see p. 1080 ] 

Ziroonates. — Compounds of zirconia with the stronger bases arc obtained by 
precipitating a zircomiim-salt with potash or soda, also by igniting zireoma with an 
alkalmo hydrate. Ziicomite of potassiimi thus ' ■ ’ ’ ^ ' 1 ' ' in water 

Sodium-salts — a. Hisodus Ziiewaate, Na“ZrC ' ' ■ tained, by 

igniting zirconia with carbonate of sodium, as ' gradually 

decomposed by water, with separation of amorphous zirconia ~/3 When zireoma is 
heated to whiteness for a considerable time with excess of sodium-carbonate, 2 at car- 
bonic anhydride are evolved to 1 at zireoma, and the salt Na'‘ZrO* = 2i7a®0 ZrO“ 
is produced The fused mass treated with water, leaves small hexagonal laminse of 
the following salt . — 7 An and salt, Na'O SZrG* 12ffO, is obtained as just described, 
or by fusing pulverised zircon with excess of sodic carbonate, ahd treating the mass 
■with water eontaming hydrochloric acid It forms hexagonal tables, sonietimos aggi’O- 
gated in groups like those of dinoohloro (Hiortdahl, Ann. Ch. Bharm cx.vxvii 
24, 230 , Jahresh. 1866, p 185.) 

_ Caloium-salt — Zirconate of calciiun is obtained hy heating a mixture of silica and 
zirconia (111 the proportions to form zircon) with exce.ss of cmcium-cliloride to bright 
redness for fire or six hours, and treating the product with hydrochloric acid Tiio 
zireonato then separates as a shining ciyaUUine powder, together with flocculent silica 
auib amorphous zirconia. (Hiortdahl ) 

. Zirconate of Magnesium is obtained by placing a mixture of silica and zirconia, 
together with excess of magnesium-chloride, in a platiuum crucible, the bottom of 
which 13 covered -with sal-ammoniac, heating the mixture quickly to whiteness, and 
continuing the heat for an hour. On treating the cooled mass with water containing 
hydrochloric acid, a crystalline powder is deposited, consisting of distinct octahedrons 
of periclaso and pnsinatio crystals of magnesinm-zirconate (Hiortdahl ) 

ZIKCOn’Iirm, OXTCHXiORZDES of. See Zihconium, CHioniDB ox (p. 1080) 
ZIBCOXTIUni, STri.FBZl>E2 OF. Bormed by heating zirconium with sulphur 
in a vacuum or in hydrogon-gas, the combination in the latter ease being attended ■with 
shght incandescence. Bark cinnamon-brown powder, acquiring metallic lustre under 
the burnisher ; not altered by water, dilute noida (even iiitrio aoid), or aqueous alka- 
lis ; slowly dissolved by nitromnriatie acid, easily decomposed by hydrofluoric acid. 
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wiUi eTOlution of sulpliydrie aaid 'When fused with potash, it yields zireonia and sul- 
phide of potfSeium 

Frimy, hy igniting zireonm contained m a cliareoal boat in a stream of carbonic 
disulphide vapour, obtained a compound (perhaps an oxysiilphido) in steel-grey 
graplutoidal scales, which yielded a yellow powder, were insoliihle in water and m 
dilute acids, but were easily decomposed by nitne acid, with separation of sulphur 

ZIKCON-SVEKrlTE. The zirconiferous syenite of South Norway. 

ZofoDZSt. A name apphod by Bonjoan. to a violet-coloured substance deposited, 
according to his ohservationa, from the water which drips from, haiogm (i. 500), taken 
out of Buipharoue springs 

ZOISITE. This name is sometimes applied to all limo-epidotes containing litthi 
or no iron (ii. 490) , sometimes roslfictod to a mineral closely allied to epiiloto m 
composition and eiystallins form, hut differing somewhat in tho cle.ivage It occurs, 
according to Brooke and Miller, on tho San Alp and at Storzing in the Tyrol, 
at Fusoh in Salzburg, at Baireutli and Conradsrouth near Hof in B.iv.iria, and m tho 
Ural (Dana, ii. 211). Klaproth’s analyses of two spocimons from the Sau Alp gave : 

SIO>'. AliO= Fo303 CaO MuO 

45 29 S 21 . = 98 

44 32 2-6 20 trace = 98 5 

ZonxiBIIf (from broth, diminutive fw/tlSiov) — A name .ipplied hy 

Berzelius to tha portion of tho aqueous e.\tract of meat which is msoliihlo in alcohol, 
tho soluble portion (about | of the whole), being called osmasome. . 

ZOOCHBmiCAl. ANAZiYais. See AsAiTsis, OnoANio (i. 260). 

ZOO]aEX.Aiariig-. A name applied by Bogdanovv (Coinpt rend. 3lvi 780), to 
tho black pigment of binV foalliers, probably idoiiticnlwitu tliemohminof the choroid 
coating of tho eye. The substance is slightly solublo in water, more soluble in potash 
and ammonia. 

ZOOIflC AGED. Borthollat’s name for tho impure acetic acid obtained by tho 
•dry distillation of ammal substance 

ZOOSTEARXe ACID. Landeror’s name for a fatty acid obtainod from tho 
bones of fossil mammalia, and crysbdlising from alcohol in huniuse. (Buclm Hoport, 
Im. 90.) 

ZOOTIC ACID. Syn with HTnnocTAKic Aoni (li. 214). 

ZOOTISrE-SAET. NiUate of sodium (iv. 106). 

ZOOXAHTHIM'. The colouring-mattor of tho rod feathers of Calums aume2>ii. 
It may he oomplotoly extracted by repeated treatment with hot alcohol, and, on eva- 
porating the solution at 60° — 70°, thoro roinaiiis a dark-red powder, wliicli, when 
thoroughly washed with water, loaves the zooxantbin, easily altorablo by liglit A 
similar pigment is said to be contained in the light-red flhres of Calmga emvlea. 
(Bogdanow, Compt. rend, xlv 688.) 

ZOROITE. Native selenide of lead (dausthalite), containing copper or cobalt. 
(See Lead, SEMtunns or, m. 657.) 

ZOSTERA nXARZKA. Tins seaweed, which grows abundantly on nearly all 
seacoasts, leaves 23'3 per cent, ash, containing in 100 pte • 39 pts. K^SO*, 4'4K01, 
0 86 KI, 21'2 NaOl, 21 2 CaO, 6-6 CaCO", 2 1 OaSO-'.O 8 C.i«P-0“, 1 6MgO. 25 1 SiO^ 
0 7 ABO*, 1‘9 FoW, with traces of metallic biomide (Baudrimont, J Phuxm [3] 
xhi 388 ) 

ZiriMCIC, or ZYiniC ACIE. Names formerly applied to the acid (Braconuot’ s 
tianaeio aoid), produced in the fermentation of amylaceous substancos. since known to 
■consist of impure lactic acid. 

ZVREERXXE, of ZUREIXB, Syn. with MBLUtiTB (m. 869). 

ZWIESBEXTE. Ferroso-manganous phosphato-fluoridc, found in crystalliiio 
masses at Zwiesel, near Bodonmais m Bavaria. (Soe Phosphates, iv. 671 ) 

ZYGAEITB. A siheato of aluminium and lithium, occurring in the Kathunna 
Noufang mine, at Andi'ensberg in tho Harz. It forms twin-crystals, having the ap- 
pearance oi stilbite, sbghtly translucent, with reddish to yollowish-whito colour, and 
vitreous lustre, inclining to nacroons on tho cleavago-facoB Hardness = 63 Spocific 
gravity = 2'611 — 2'612. (Breithaupt, Pogg. Ann. box 441 ) 

ZYKIO ACXD. Syn. with Zuino Acid. 
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ZYMIC INFUSOEIA— ZYMURGY. 


ZirMCIC XHFtrsOBia.. Zymigiies, or Anaerohes —Names iipplird by Pasteur 
to the lufusoria which sot as ferments only when the air is excluded, — those which 
require the presence of air to induce their action being distinguished as Jsiijmqw4 or 
Mrobm 

ZVMOJUB (feom fV'ti yeast, or ferment). — An old name for tho portion of 
gluten which is insoluble in tdoohol. 

ZYKOSCOPB. An instrument oontnved by Zenneek (Buohn Eepert hx. 204), 
for testing tho fermenting power of yeast, by bringing it in contact with sugar-water, 
and observing the quantity of earbomo anhydride evolved. 

ZVMrniOT. A name applied to that department of technological chemistiy 
■which treats of the scientific principles of wine-making, brewing, distilling, and tho 
preparation of yeast and vinegar, — processes in winch fermentation plays the principal 
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AOBTA.HII.lSE. Phemjlaaeiamde, C*H"NO =» lirE[(0“H‘)(C*H‘0), is easily 
piodaoed by cobobating aniline ■with strong acetic acid, or by boding the two together, 
and finally distilling tiE the product solidifies in tho nook of the retort (0, G-r 'Wil- 
liams, Ghem. Soc J. xvii. 106). According to Perkin’s observation, crude aniline, 
prepared by Bfchamp’a process with an excess of strong acetic acid, somatimea con- 
tains acetanilide. According to Lauth (Bull. Soc. Chim. 1868, i. 164), acetanilide 
is produced, together with phenol, by boilmg equal parts of aniline and phenylio 
acetate in a flask -with vertical condensing-tube, or by heating them m a closed vessel 
to 2S0° 

C»H“0C'H*0 + NH*(C«H‘) = CH'.HO + NH(C“ff)(C«H>0). 

The phenol and acetanilide are easily separated by distillation, or by treatment with 

Aoetanilida has a speoiflo gravity of 1'096 at 106°, melts at 101°, and distils at 296° 
under a pressure of 766 mm. Ifaponr-density, obs. = 4 847 , calc = 4’671. Aoetoni- 
hda dissolves easily in alcohol, ether, benzene, and volatile oils, and crystellisea from 
the latter in large needles. The alcoholic solution is not precipitated by water It 
dissolves easily in ■warm sulphime and hydrochlono acids, and is converted, by cold 
nitno acid, into 8-nitraniline 'When heated with sodunn, it is resolved into aniline, 
and a small q-uantity of basic oil having a high boiling-point. (Williams.) 

AOU, or AXXir. A fat obtained m Mexico by boiling a species of coccus (fiomit 
Axm) with water. It smells like arnica-flowers, has a dark-brown colour, and buttery 
consistence , hardens on exposure to the air, and dries up on the skin to an adhesive 
elastic membrane, like collodion ‘ hence it is used by the Mexicans as an external 
application, and frequently as a varnish. It is insoluhle in water, dissolves with 
difficulty lu cold, more readily in hot alcohol, easily m other, provided it has not been 
hardened and oxidised by exposure to the air. Melts at 31° gives off acrolein by 
dry distillation. The saponified &t yields a crystuUisable acid, melting at 42°, and 
ha-nng the composition of iaurio acid, ; together with a brown ody acid, called 

axinio acid, which solidifies somewhat above 0°, dries up very easdy, and probably 
contains This and is converted, by oxidation, pMtly into hypo gteic acid, 

OioHsoQ® (soluble in alcohol and ether, and melting at 36°); partly into aginin, an 
amorphous, light-yellow, bnttle substance, insoluhle in water, alcohol, and ether, and 
containing 68'8 to 60-3 per cent, carbon, and 0'7 to 7 6 per cent, hydrogen; it turns 
brown at 80°, giving off water and colourless gases absorbable by potash. (Hoppe, 
J pr Chem. ixx. 102 ; Gm. xvii. 48 ) 

AOXurmr, See the pre'vioas article. 

AILCOOBXi. ) Coiiomxi, Aoros (p 1088). 

AliCOSOK.) 

AXOIH. This substance, the purgative principle of aloes, was discovered by 
T. andH. Smith (Chem. Gaz. 1861, p 107 ; Qm. xvi. 461). 

ABIBUTB. (Eieth and Wohler, Ann. Ch. Pharm. cxx. 247, 

Jahresh. 1861, p. 682; Gm. xvii, 561.) — Abase extracted from the hark of Jranha 
rubra, a Brazilian tree, by exhaustion with water containing snlphurio acid. It may he 
freed from colouring-matter and other impurities, by treatment with acetate of lead and 
solution in ether, and separates fbom the ethereal solution partly in anhydrous rhombic 
pyramids, partly in hydrated four-sided prisms -with oblique end-faces; the latter 
contain 0“’H“N*.8H’'0, and give off their water at 100°. .^ibine dissolves m 7,762 
pts. of water at 23°, more freely in hot water, easily in alcohol, less easily in ether. 
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— Tlip hidtooUiirate, G"''H-“N'.2SC1, CTjstallisea in slender needles, solrLle in amjlie 
.ileobol, inaolnlde m ether , iroui its dilute aqueous solution, caustic soda, sodiuin-car- 
honiita, ammonia, and lime-TOter throw down crystalline arilnne — The cMoi oplah- 
mite, C“®B.“N-*.2HCl.Pt01'‘, is preeipitated in pale-yellow needles.— The nmtid sul- 
flialby is ohtamed by decomposing the hydrochlorate with snlph.di of 

silver —The and svlphate, G®'H-”N'h2IPSO', is formed by toeating aribine with oxi'csa 
of sulphuric acid. 

Aribine, heated with iodide of ethyl, forms yellow crystals, probably consisting of 
iodide of diothyl-aribine, G“H'*(0’H’)'‘M’, which, when de'’ompoaed with moist 
ailver-oxide, yields the corresponding hydrate as an amorphous coloured varnish. 

ATOMICITY. See Ci^sifioation (i. 1008 — 1017). 

AXIir. Syn. with Age (p. 1087). 

AXIIirXC ACIJ}. See Age (p. 1087). 

BBirZKYBROli. G'^H’^O = G’"H" H 0 — A monatomic alcohol, produced hy 
(he action of nascent hjrdrogcn on benzophenone or phcnyl-henzoyl, 0'®H'’0, and de- 
scribed in connection with the latter (iv. 478). 

BERBCRUTE. — ^This formula has been established hy Perrins 

(Chom. Soe. Q.u. J. xv 339), by the analysis of tho ollcaloid and several of its salts 
Borherine is very widely diftsed in the vegetable kingdom Besides the sources of it 
mentioned in vol i. (p 679), it has been found by Parriue m Hydrastis canadensis 
and Xantlmrhiea apiifoha, two North American rannncnlaeemis plants , in a yellow 
dye-wood from Upper Assam, called woodunpar, jrobahly belonging to the momsper- 
maoeons order, in a woody root, caUod RatadeSSo Xao, or St John’s-root, from Ilm 
Grande , in tho yellow bark of the Pachnolo tree, from Bogota ; and in tho root of 
Coptis Teeta or Mahmira, n ranunculaceons plant of Hmdostan and Clinia, highly 
prized for its tome properties, and known in the hazaaro of India ns Mishmce-hi 'ter 
Lastly, the subatanco called mniliopioriie, discovered in 1828 by Ohevallior and Pcl- 
lotan in the bark of Xanthoxyhn Olava. Berauhs, has been shown by Perrins to ha 
identical with borherine. 

■When a dilute solution of lodino m iodide of potassium is added to the solution of 
any berhorme-salt in hot spirit, carefully avoiding an excess of lodme, a orystalhnn 
iodine-eompound is deposited, in green spangles resembling sulphate of lodoquniiue 
(v. 26), and, like that substance, possessing the power of polansing light. (Perrins ) 

BRAZXl-'WOOD. (i. 656 ) — Proisaer’s statements respecting tho red ooluuring- 
matter at this wood are not to be depended upon 

CAMPHRBTIC acid. 0'“H'10’ = A tnbasio acid pro- 

duced by the actaou of nitric acid upon camphor , — descnlied under PynooAMPHBBTio 
Acid (it. 767). 

CBSPITIWB. CiH'’N — Thisnamo is given by Chiiroh and Owen (Phil Mag 
(4], XX. IIQ ; Jahresb. 1860, p 368) to an organic base, found in .small quantity, tn- 
gother with' pyridine, meolme, collidine, and lutidmo, in tho liquid obtained by diatil- 
ung Irish peat at the lowest possible temperature When purified by fractional distil- 
lation, treatment with potash, &c , it forms a colourless oil, miscible m all proportions 
with water, and agreeing in composition and boiling-poiut ( 96°) with amylurame 

CRIMOPKYIililN'. A yellow crystalline body obtained from Pyrola (or Ohe- 
mophila) imbdlata (iv. 760). 

CRRYSlNZO ACrD, A yellow colouring-matter contained in the buds of Popuhts 
nigra and P pyi'amidalis (iv. 688). 

COX.Z.OXDAI1 ACIDS. (Graham, Chem. Soc J xvu. 218 )— OoUoidal sub- 
stances can exist in two states — ^the liquid state, in winch they arc soluble in water in 
all poportions , and the gelatinous or peetous state, in which they aro but sp.aringly 
soluble. The soluble hydrate of a coUoid substance is called a hydroso], tho gelati- 
nous hydrate a hydrogel. The eolubility of a hydrogel dimmishee with tho quan- 
tity of water contained in it. Gelatinous silicic acid containing 1 per cent of 
anhydrous silica, dissolves in 6,000 pts. of water ; a jelly containing 6 per cent silica, 
dissolves in 10,000 pts of water , and anhydrous silica itself is nearly insoluble ’The 
passage from the hqmd to the golatmons state is indicated by a gradual thickening of 
the solution, which assumes an oily eonsisteneo just before gelatinising. In a solution 
of silioio aeid obtained by dialysis (p 141), the tendency to pass into the gelatinons 
state increases with the temperature and me concentration of the liquid. A solution 
containing from 10 to 12 per cent silica gelatinises m a fow hours , a solution con- 
taining only 6 per cent, may be kept unaltered for several days , one containing 2 per 
cent for many months , another containing 1 per cent, silica remains unaltered for 
yeara , .ind solutions containing only 0‘1 per cent, aro doubtless quite peim.iucnt 
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The ooagidation of the hydrosol of ailicie acid ia promoted, by amall quaiititioa of 
Bftlta, and, 3n the other hand, tlm hydrogel 13 reconverted into tho hydroaol by very 
amall quantitiea of alkali. One part of aodium-hydrate dissolved m 10,000 pta. of 
•water, gradually hqueflea, at 100°, a quantity of gelatinous silicie acid corresponding 
to 200 pts. of dry silica, and maybe separated from tho resulting ailicious solution by 
prolonged dialysis m a vacuum 

Silica may bo separated both from the hydroaol and the hydrogel by a number of 
substances, both colloid and crystalloid (sulphuric, hydroeliloric, nitric, and acetio 
acids, alcohol, glycerin, sugai -syrup, and other bodies whieh do not induce gelatimsa- 
tion), these s'ahatancea then taking the place of the silica. 

Tho bquid oompouud of silicie acid with alcohol is called the alcosol, and tho 
gelatinous compound the aleogel of siliae acid. Tho former produces a nearly 
colourless solution, whioh is not gelatinised by sidts or by insoluble substances, or 
oven by heating to tlie hoihng-poiut, hut easily gelatinises when concentrated by slow 
evaporation Although the alcohol m this compound is less strongly comhined than 
the water in the hydi'osol, part of it nevortholeas remains behind on distillation, and is . 
ultimately carbonised ^ 

Tho aleogel of silioic acid is easily prepared by placing masses of gelatinous silica 
(containing 8 to 10 per cent. SiO*) in absolute alcohol, and changing the latter re- 
peatedly till the water of the hydrogel is completely replaced by alcohol. An aleogel 
thus prepared from a hydrogel containing 9’3fi per cent, yielded by analysis 88'13 
per cent alcohol, 0 23 water, and H‘64SiO’. When immersed in water, the aleogel is 
gradually reconverted into the hydrogel By treating the aleogel with ether, benzene, 
carbonic disulphide, and geneivdly -with hqmds which mix with alcohol, compounds of 
silicic acid ■with these several substances may bo obtained, from the ether-compound, 

111 like manner, compounds with fixed oils may be produced. 

A glyoerogel of sdioio acid is obtained by heatmg the hydrogel with glycerin. It 
IS a perfectly colourless jelly, and so transparent that it cannot be perceived in the 
liquid. Paif; of the silica is, at the s.irae time, converted into a liquid compound, the 
glyeerosol of Bihoioaoid, The glyoerogel (prepared from a hydrate containing 
9 36 per cent, silica) was found to contain 87'14 per cent, glycerm, 3 78 water, and 
8'05 SiO’, 

When the hydrogel of silioio acid is immersed, first in moderately dilute sulphuric 
acid, then successively in stronger acids, and finally in the most concentrated acid 
(hydrio sulphate, ffSO^), a gelatinous sulphuric aoid compound is obtained, the snl- 
p Ii n g e 1 of ailioio acid . It is colourless, transparent, of somewhat smaller bulk than the 
hydrogel, from winch it has been prepared , is not altered by heating to the boiling- 
point of sulphuric acid, but gives up part of its sulphuric acid at a higher tempera- 
ture. By dialysation with water, it is reconverted into hydrogel , by alcohol into 
aleogel Similar compounds may be formed mth hydne nitrate, acetate, andfoimate 

Liquid stannic acid is obtained by dialysing stannic chloride mixed with 
caustic alkali, or sodio stannate mixed with hydrochlono acid. In both cases a jelly 
IS first formed, which, as the salts ere gradually removed, is reconverted into tlie 
soluble modification by the small quantity of free alkali present : the latter is re- 
moved by prolonged diflusion, most readily after addition of a few drops of iodmo- 
solution. Liquid stannic acid is converted by heat into liquid metastannio acid. 
Both solutions are easily gelatinised by small quantities of bydroobloiio acid or of 
salts , and, on tho other hand, gelatinous stannic acid is reconverted into the liquid 
acid by free alkali, oven at ordinary temperatures. 

A solution of gelatinous titanic acid in bydroehlone acid, prepared in the cold, and 
containing only 1 per cent. SiO’, yields, in like manner, liquid titanic acid By 
heatmg hq'uid stannic and titanic acids ■with alcohol and other hquids, compounds 
are formed analogous to those obtained in hke manner with ailieie acid. 

Liquid tungstic (or rather metatungstio) acid has been already 'described 
(p 911) A mixtime of hquid tungstic and silicic acids does not gelatinise, probably 
in consequence of tho formation of silico-tungstio acids (p 916). 

Liquid molybdie acid is obtained, by dialysing a solution of erystsBised sodio 
molybdate supersaturated with hydrochloric aoid, for several days, as a yeUow liquid 
hainng an astringent taste and acid reaction. It is very permanent, and when left to 
evaporate, yields soluble molybdie acid as a deliquescent gummy mass, which, when 
heated, behaves like soluble tungstic acid Soluble tungstic and molybdie acids yield 
crystallisable salts by digestion with soda. 

COKTARXTE. A green crystalline mineral, resembling vmanite in strueturp, 
found at Eottis, near Jackota, m the Saxon Voigtland. Speeifle gravity = 2-4fi It 
iippo.U's to be a hydrated nickel-phosphate (Brsithaupt, Juliresb. 1859, p 800.) 
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COBIASWYRTIia'. (Riban, Bull Soc Chini ISCi, i ^7, 1887, i. 

79 , Laboratory, i 32-1 ) — The active principle of Coruina myrtifolia, a pui'gative and 
very poisonous plant growing in the South of France, m Spain, and in Italy — formerly 
used for the production of a black dye, and for adulteratmg senna, Coriamyrtin may 
be extracted fiom the berries or the leaves, but the young shoots gathered m Maicli 
yield the largest product. They are crushed in a mill, and pressed , the juice is 
treated with basic acetate of lead ; and the filtered liquid is freed from excess of lead 
by Bulphydric acid, then evaporated to a syrup, aud repeatedly shaken up with other, 
which dissolves the coriamyrtin, and loaves it on evaporation in shghtly brown crystals, 
which, may be rendered perfectly white and pure by one or two cryataUisations from 
boiling alcohol. 

Coriamyrtin is a white, bitter, very poisonous substance, crystallising in oblique 
rhomboidal prisms of S8° 40', having the basal edges truncated’ It is anhydrous, 
and molts at 220^^ to a colourless liquid, which solidifies to a crystalline mass on cool- 
ing. It IS slightly soluble in water, easily soluble in boiling alcohol and ether. The 
alcoholic bohitiou turns the plane of polarisation to the right [a] = 24’6 at 20°. 

Coriamyrtin is decomposed by Aiming hydriodic acid, Slowly in the cold, rapidly at 
100°, a Urge quantity ot iodine being separated, and a black soft substance deposited, 
and if the supurnatant liquid be decanted, the black substance washed with cold water 
and dissolved in absolute alcohol, and the resulting solution mixed with a few drops 
of strong c,instic soia, a fine purple-red colour is produced, resembhng that of an alco- 
holic solution of ftioliBine This reaction is extremely delicate. 

Bromocor-iamyHin, is formed by adding bromine, drop by drop, to 

ooriainyrtin suspended in cold alcohol. It orystaUisoe from boiling alcohol, in fine 
anhydi'bns needles, shglitly soluble m cold water, very soluble in boibpg alcohol, and 
having an extremely bitter taste. 

G/dmne ■pn.’iHetl tlu'ough a mixture of coriamyrtin and water, forms a orystaUino sub- 
stance, composed of several amorphous clilormatod compounds, whidi cannot bo sepa- 
rated by Buocossivo crystallisation. 

Aotion of Bases on Ceyi'mmyrHn — Most bases attack coriamyrtin in presence of 
water, With potash and soda only brown compounds are obtained ; but with less 
active bases, such as baryta aud lime, coriamyrtin. a.ssumes the elements of five mole, 
cules of water, producing a dibasic acid, which unites with the base. Thus, when 
boiled with excess of baryta, it forms the compound, C“H*°]3a"0*'' = 

BaO.BH'O , and with lime-water, in bke manner, the salt C”H-"'Ca"0'". These salts 
do not possess tlie hitter taste of coriamyrtin. 

The acid, separated from them by sulphuric or oxalic acid, remains on evaporation 
as an amorphous mass Its aqueous solution decomposes the carbonates of barium 
and calcium, with effervescence, reproducing the salts jnst described 

Aation of Amds — Coriamyrtin is dissolved and blackened by strong svlphwnc cund 
— With family mine acid, it forms an amorphous mtro-eomponnd, which detonates 
when heated. Jt is not attacked hy diy hydroc!tloi-ic add yas, even at 100°, but de- 
composes when heated to 200° with the aqueous acid containing 2 or 3 per cent, of 
that gas. 

Aoetio anhydride and coriamyrtin, heated together to 140° in a sealed tube for 
about an hour, unite directly without ebmmation of watqr. The soft mass thus pro- 
duced, if thrown into water to free it from acetic acid, ultimately falls to a powder, 
which may be washed with cold water, then dissolved in alcohol, separated by evapo- 
ration, and diied at 100° in a vacuum. It IS transparent, nearly colourless, brittle, 
very hitter, melts below 100°, is insoluble m water, but soluble in alcohol It has the 
composition C^H^O'”, which is that of hexaoetic coriamyrtin combined witli 
3 at. water. Its formation is represented by the equation . 

- + 3{P‘S?OfO = G*»B;"(C’'H"0)“0'' + 3H»0. 

Glacial acetic acid forms a similar compound with ooriamyrtm. 


DBCYI,, RWTYI., CAPRYi.. C^H^ —The tenth of the series of aleohol-radi- 
eles, It has not bean isolated. 


Hydride of Hecyl, (isomeric with free amyl), is contained in considerable 

quantity in the portion of American potrolanm boiling between 168° and 163° (Po- 
louze and Oahours, Ann. Ch. Pliys. [4], i. 6 , jahresh. 1863. pp 526, 629) —It is 
produced also by carefully mixing diamylene,0‘“H“,with bromine, keeping the mixture 
cool, washing the product with dilute potash, and drying it, then heating it under 
diminished pressure, and submitting it to fractional distdlation (Wurtz, Bull Soc 
Chim 1883, p. 300; Jahresh 1863, p 610). This hydrocarbon resembles amyl in 
many of its prmertiea (Wurtz) It has an odour of lemons. Specific gravity = 
0-767 at 16° (Pelouze and Caiiours;; 0 753 at 0° CWurtz), Boiling-point 
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158°— 169° (PeloTjze and Cahours), 1SB° — 167°CWuitz) Vapour-density, obs. 
=1 6 040 (Pelouze and OahouiB), 605 (Wurtz); oale. = 4 91. 

Ghlorideof Deoyl, obtained ftom the hydride by the action of chlorine, 

IS a hquid of a light amber colour, boiling at 200° — 204“ (P elouze and Oaliours) ; 
190° — 200° (Wurtz). 'With alcoholic potash, it yields, amongst other products, a 
hydrocarbon, which boils between 168° and 160°, and forms a heavy oil with broimno. 
(Pelouze and Oahours.) 


CD. C“H“0*. — An acid isomeric with eruoio acid (ii 501), and 
bearing the same relation to it that elaidio acid hears to oleic acid It is produced 
by the aobon of nitrone acid gas on eruoic acid, and when reaystaUiaed feom alcohol, 
forms a white, inodorous, and tasteless mass, melting at 69° to 60°, and sohdrfying at 
68° to 59° to a shining mass of fine needles It becomes coloured and odorous at 
120° Its sodium-salt, prepared like that of erucic acid, becomes coloured at 110°, 
CWebsky, J pr Chom. Iviii. 469.) 

ESERINTE. Syn. with Physostigmioti (iv. 636). ^ 

BtTGETIC ACIB. See Addenda to vol. li. p. 968. 

I See OoinoniAi. Aoms (p. 1089). 

GEYOEROSOE. > 

OtXBTTnvr-BAESAlH;, Syn, with WooD-on, (v. 1046). 

GTTRTUIO'IO ACIB. The resin left on distilhng off the volatile oil of guquii- 


HYBROOEE. i ooLioniAi, Aoms (p. 1088) 

HYBROSOE. ^ 

HYGROKETRY. (lii. 232) — ^The formula for calculating the weight of a oiihio 
foot of air, saturated with aqueous vapour, should be ; 

(Weight of cubic foot of dry air) . + Weight of cubic foot of vapour 

P 

When the air is not saturated, if Ea bo the elastic force of the vapour at the dew- 
point, and Ei the elastic force of the vapour at the temperature of the am, then . 
(Weight of cub. ft of dry au' at t°) . + (Weight of cub. ft. of vapour at i°) . ^ 

= Weight of cubic feet of moist air not saturated. 

This latter formula may he deduced ft-ora the formula given on p. 282, vol in , for 
the weight of a cubic foot of iion-aaturatad air, by aubatituting tnereiu the value of 
the weight of air saturated with aqueous vapour, determmed according to the corrected 
formula above given,* 

ISOBBECITB. C“H“0* = C“II'’0* H^O.— This saccharine substance, produced 
by the decomposition of quercitrin (p 7) under the influence of acids, is isomeric with 
mannito and duloite It crystallises very easily, in large, transparent, regularly-deve- 
loped crystals, resembhug those of cane-sugar . they aie hard, grate between the teeth, 
taste sweeter than grape-sugar, dissolve in 2 09 pts water at 18°, and easily in abso- 
lute alcohol. The solution is dextrorotatory Isoduloite is not fermentable It melts, 
with loss of water, between 106° and 110°, is coloured yellowto brown by strong sul- 
phuric acid, and by allialis, and reduces cupric oxide. 1,000 c a of a copper-solution, 
equivalent to 6 grms, ^ape-sugar, are reduced by 6 288 grms isoduloite 

Isoduloite, heated with hydriodio acid (or with lodme and phosphorus), is converted 
into a black mass, and yields a small quantity of an oily volatile iodine-compound 
By oxidation with nitric acid, it yields an acid resembling soeohario acid, with traces of 
oxalie acid. 

Eitro-isoduloite, C'’H®(irO°)’0', separates from a solution of laodnleite in a mix- 
ture of nitric and sulphnnc acids, as a white unmystallisahle body, insoluble in water, 
but very soluble in alcohol ; it explodes slightly by heat, and by percussion. (Hlas i - 
wetz and Pfanndles, Ann Ch. Phorm cxrvii 362.) 

EASERPIYIIir. (Peldmann, Ann Ch. Pharm. exxxv. 336 ; Bull. 

Soe Ohim. 1866, i 457.) — A bitter principle contained in the root of Lasei'pihum 
latifohum, and exhibiting considerable analogy to those which are extracted from 
Aihammita, Feucedanum, Imperatona, and other plants of the composite order. It 
IB extracted by macerating tlie root with strong alcohol, and when purified from au 


1 am Indebted to the klndneea of Mr, P W Latham, of Cambridge.— H. ' 
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adhoiing resin by means of acetate of lead, crystallise.^ in colourless rho^bohedral 
priama. It is tasteless and inodorous when pare ; insoluble m water even at thoboihng 
heat ; soluble in benzene, oil of turpentine, and especially in chloroform , soluble also 
in other and in carhonic disulphide. It molts at 114°, and sohdillos on eoohng to a 
resmons mass, which gradually becomes crystalline. When heated in a tube, it eub- 
hmos in oily drops The alcoholic solution is precipitated by water. 

Laserpitin is insoluble m dilute acids and alkalis. Strong nitric and sulphuric 
acids diaaolve it, but the solutions are precipitated by water. The alcoholic solution 
is not precipitated by an alcoholic solution of mereurio chloride, lead-acetate, silver- 
iiitrate, or potassinm-iodido Heated in sealed tubes to 150° with strong hydrochloric 
acid, or to 200° with dilute sulphuric acid, it yields a black pitchy mass. 

By the action of concentrated olcohoho potash, laserpitin is resolved into angelic 
acid and laserol, a ciyatallmo rosin pracipitable by sulphuric acid; 

-s ffO = C»H^-0' + 20 ‘Es0«, 

the decomposition being analogous to that of athamantm (i. 430) into oreoselin and 
valeric acid : 

+ H>0 = 0»H'’0' + 20»H>''0«. 

Athamsntln Orco.oUn. ValaMo 

The root of LaserpUmm lat\fohim yields, by distillation with water, a small quantity 
of a volatile oil, similar in taste and odour to oil of pelargomum. This oil does not 
yield angolio acid by oxidation. 

X.lTHOF£i3:.x.Io ACZB. (y»n”0‘. (Gdbol, Ann. Oh. Pharm, xxxix, 237.— 
Ettling, tiad. xxxix 242. — ^Wbhler, tiuJ xli 160. — Heumanii, tbwi. sli 303 — 
Malaguti and Sarzean, Compt. rend. xv. 618. — Om xvii. 375 )— A crystalliiia 
acid, which forms the chief constituent of some kinds of oriental bezoars (i 681). To 
exti'act it, the bezoars ore dissolved in boiling alcohol, and the ciystals, which form 
slowly on cooling the solution and concentrating the mother-liquor, are purified by re- 
crystallisation, with the help of animal charcoal. Or, the bezoiu-s, after being ex- 
hausted with water, arc treated for 24 hom’s with cold dilute ammonia; the fil- 
trate is decolorised with animal chaicoal ; and the lithofellie acid is precipitated by 
dilute sttlphnno acid and washed. The acid precipitated from alkaline solutions re- 
quires still to he purified by crystaUisation from boibng alcohol. 

LiUiofellio acid erystolliaes in very small, clear, rhombic prisms, with oblique end- 
faces; hard and easily pulverisable Melts at 204° (Gbbel), 205° CWohlor), and 
solidifies, when not he.i.ted above its melting-point, to an opaque crystalbne mass. 
When heated a few degrees above its melting-point, it solidifies to a clear amorplious 
glass, which becomes electric when rubbed, and melts at 105° to 110° to a viscid mass. 
Alcohol poured upon this .imorphons acid produces a largo number of fine cracks, 
and the acid, when left in contact with a little alcohol, again becomes eiystalliue 
(■Wohler). The acid slowly excites a bitter taste in the mouth ('Winekler) It 
dissolves in 29 pts. of alcohol at 20°, and in 6^ pts. of boiling alcohol, the solution 
has an acid reaction. The acid dissolves in 444 pts. of ether at 20°, and in 47 pts of 
boiling ether. 

Litliofeliio acid, when melted in contact with the air, volatilises in white vapours, 
which exhale an aromatic odour. By dry distillation it loses 1 at. water, and is con- 
verted into an acid oil, called pyrolitliofolHc acid. Litliofellic acid 

dissolves in strong sulphuric acid, forming a solution which becomes milky on addi- 
tion of water Hot nitiio acid converts it into a yellow acid, solulilo m acetic acid, 
crystallising thorefiiom, and contaming C°“H'"(NO-)*0“. (Malaguti and Sarzean ) 

Lithofellie acid, heated with sng.ir and snlphnric neid, produces a luolot coloration 
smiilnr to that which is produced m like manner by the biliary acids 

The lithofellates are hnt little known The acid dissolves easily in caustic al- 
kalis and alkaline carbonates — The amnumium-salt is known only in solution.— Tho 
‘paiassium- and amnumiuni-sdliB .ire amorphous and gummy — ^Thc banum-ealt forms 
crystals very soluble in alcohol. — Alead-salt, of variable composiUoii, is obtained as a 
white precipitate, slightly soluble in water, somewhat more soluble in alcohol, on mix- 
ing an alcoholic solution of the acid containing a little ammonia, with neutral acetate 
of lead. — The silver-salt, obtained in like manner by precipitation, appears to contain 
CoH“‘AgO». ^ 

ItZACZiITRinr. Syn. with Mokintankic Acid (in. 1040). 

WtBTAPURPUBATBS. Sec PoiiruBATES (iv. 748). 
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MWCOSiflC ACID. 0“H»0*. (F Bode. Ann. Ch PJinrm. csaxn 96 ; Jalu-esb, 
lS6i, p iOO.) — A dibasic acid pioduced by the action of Bodnim-ainalRam on the 
chlorinated acid, CfH^CPO'*, obtained by treating inncic acid with pentachlorida of 
phospjiorus (m. 1088). On tinating the resulting mass with hydrochloric acid, eva- 
porating to dryness, and exhausting with ether, a solution is' obtained, winch yields 
Tnucorao acid as a white laminar mass, melting at 196'’, solidifying at 186°, easily 
soluble in alcohol, sparingly in ether, soluble in 110 pts of water at 10°, and crys- 
tallising from hot water m long prisms, often grouped in stars. 

The muconates are for the moat part easily soluble and amorphous ; tho ammonuim- 
s.ilt (but not tile free acid) gives a reddish precipitate with ferae chloride, and, if not 
too dilute, a white precipitate with silver-nitrate. — The neutral sino-salt, 0‘H'CZiro’, 
separates from hot water as a white amorphous mass. The eth/ho ether is a colourless 
liqiud which sinks in water. 

XTADBTB'Tl.-ComiPODia'DS. Nitrate of JDiaeonaphthalene, 

NHO”, is formed by tho action of nitrous acid on moistened nitrate of naphthylaraiiie, 
and 13 obtained, by spontaneous evaporation of the aqueous solution filtered from a 
brown-red amorphous product, in white, easily soluble, explosive needles — Perhi o- 
mideof Niaeonaphthalene, C"’HW HBr“, prepared like the corrosponding ben- 
zene-componnd (iv. 431), forms orange-yellow crystals . — 'Hhe plati»tm-mt, 2(0"’H‘N“ 
HCl).PtCl', forms short, yellowish, nearly insoluble prisms. — Tuaeonaphtholxm- 
ide, passes over as a yellowish oil when the substance formed by the 

•iction of ammonia on the perbromide is distilled with water. It smells Uko napMia- 
lane, and turns brown m contact with the air. 

Naphihyl-hydraietOt Naphthyl-alaohol, C"’H®0 •» C'“II’H.O — Produced, 
with evolution of nitrogen, when the aqueous solution of nitrate of diazonuphthaleno is 
boiled 

-r ffO = 0'“H«0 -s N». 

When ptmflod by solution in potash, precipitation with acetic acid, and distillation, it 
forms shining wliite liiinintB, which melt at 91° to a colourless oil It volatilises 
without dooomnosiLion. burns with a smoky flame, dissolves sparingly in water, easily 
in alcohol, ether, and benzene, smells like creosoto, and has a burning taste It 
uiutoswith strong bases, forming easily docomposible compounds , is converted by nitric 
acid into nitro-oompounds, and by bromine into hroinonaphthyl-aloohol. (Griess, 
Ohein. Soo J. xix. 90 , Jnhresb. 1866, p. 469 ) 

N tt'^hthylaulphydrate, 0'"HbH S. — Pioduced by the action of nascent hydro- 
gen (zmoand sulphuric acid) on naphtliylsulpliiirous chloride (p. 601): 

C“'H’C130'' + 3H“ = + HCl + 2H^O. 

It passes over on distillation os a colourless, strongly refracting oil, having an unplea- 
sant odour, a specific gravity of 1 146 at 23°, boiling without decomposition at 286'’, 
not miscible with water, sparmgly soluble in alkalis, easily soluble in alcohol and 
other. It acts strongly on finely pulverised mercuno oxide, forming naphthyl-mermrie 
sulphtde, (C’“H’)'’Hg’ S®, winch separates from hot alcohol as a pale-yellow powder. 
— The corresponding lead-oompound, (C'‘’H’)’Pb"S’, is deposited us a lomon-yoUow 
fusible precipitate, on mixing the alcoholic solutions of lemf-acotato and naphthylsul- 
phydruto. — The copper-compamd is a pale-yellow precipitato. 

Naplithyl-dtsulp/nde, (0"’H^)“S^ separates, by spontaneous evaporation from 
an alcoholic solution of naphthylsidphydrata saturated with ammonia or potash, in 
yellow monooHnio crystals. It melts at 86°, is msoluhlc in water, slightly soluble in 
alcohol, easily in ether. In contact with zinc and sulphuric acid, it is reconverted mto 
uaphthylsulphydrato. (Schertol, Ann. Ch. Pliarm. cxxxii. 91.) 

BTITBOPODDXIO ACID. Syn with Dinitrosalicylic acid. (Sec Sawcywc Acni, 
p. 139). 

ODEAlfDKIKrBi An alkaloid contained, together with psoudocurarine, in the 
leaves and branches of tho oleander. (See PsEUDoennABmE, iv. 743 ) 

PTRODITHOPEXiDIO ACID. See LrmoirELmo Aon> (p. 1092). 

RITTYD. Syn. with DeCYI, (p. 1090). 

StrDFBAOED. See CoLioniAi Acids (p. 1089). 
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Quailrnntoxide 
Quadri or Quadro 
Quartz , 
Quartz-porphyry 
Quassia-camphor 
Quassia or Quaasit 
Queen’s metal 
Quermaeitna . 
Queroetamide . 

Quoroetio acid 

Diaooto-queroetio ad 
Queioetin 

Queroimenc acid . 
Querortanmo aoid . 
Queroito. . . 

Benzoqueroite. d 
Q ueroitartario acid 
Queroitnn 
Quercitron 

Queroua .... 
Qmdtsilver (a Mercury). 
QtuUaya 
Quillayin 
Quin anilide 


Qiunoite . 
Quinetin 
Qiunhydione 


Quinates 
Qmnic ether 
Quimcme 


Salts of Quinidine 
Ethylquinidine 
Quuuiio . 

Hydrates of Quinine 
Qunune-salte . 
ijerivahves of Quinine 
. L. By Addition. 
Hydroqumine 


2 BijSxdi. 

Methylqiunme 

Ethylquiiunc .... 
Beuzoyl-quinmo 

Qainine-sulphunc acid .... 

Qiiiiioa-sceda 

Qmnofdinc 

Qvunoll .... 

Qiiinoleine (a. Chiiiolme, i. 869). 
Qiuuonamic acid (a, Quinoylamio acid). 

Qiiinonamide 

Qumona 

Mono-, Di-, and Tn-chloroqumona 
Totrachloromuiiono, Peichloro- 
quinone, or Chloronil . 

Qumonio acid 

fiuiiiotaunio acid .... 

Qiiinova-bittor (a Qumovin). 

(imnova-siigar 

Qiiinovatannic acid . . . ' 

Qiiiuoratic aoid (a. Qumovin) 

Quinovic acid 

Qumovin 

Qnmoyl . . .... 

Quinoylaraic acid 

Qumoylamidos : 

Quinoyl-dlamido . 
Dichloroqumoyl-dinmide, Diohloro- 
qumonamidc or CMorandamido . 
Diphenyl-qiunoyl-dmmido . . ’ 

Diplienyl-dichloroqiiiiioyl-diaraido . 

Qiiinoylic acid 

Dicliloroqumoyhe,Dichloroquinonio 
or Chloramlio acid 

Quintessence ...... 

Qninto 

Quinniis oil 


Baccmic acid ... . . . — 

Hacomatos . . . . 36 

Hitroracemic acid .... 39 

Racemic ethers; 

Ethyl-racemic acid . . . . — 

Mcthyl-raoemio acid ... 10 
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Identity of Eadiant Heat and 

Light 

Kmiaeion of Radiant Heat 
Absorption of Radiant Heat , 
Tranamiaeion of Radiant Heat. 
Conductioii of Heat 

Radicles or Radicals .... 

Radiohte 

Radish 

Radish, OR of 

Ramalina 

Rammelabergite 

Randanite ...... 

r Rangoon Tar (a. Naphtha, It. 8). 

Ranunoulne 

Rapakivi 

Rapliaiioamito 

Eaphanns (s. Radish) 

Eaphilite 

Rastolyte ...... 

Bntanhia 

Batanhine 

Batutlkite 

Bauroite .... 

Bnzomoffskin 

Realgar 

Rectification 

Bed antimony 

Red chalk or Reddle .... 

Red copper-ore 

Bed dyes (s. Dyeing, ii. 366). 

Red hmmatito or Red iron ore 

Bed iron-vitriol 

Red lead 

Rod lead-ore 

Red manganese 

Red ochre 


Red pi_ 

Rod Silver-oio (s. Pronstite, iv. 740, and 
Pyi a^r|5Tite, iv. 763). 

Red zmo-ote . 

Reddle . . . 

Redruthite . . 

Reduction ... . . 

Reflection and Refraction (a. Light, ili. 

COS, and Radiation of Hea^ v 43, 44). 
Begulus ... . . - 

Reiset’s salts 

Eeissncberitc . . . -i 

Eomingtonitc ... 

Remoluiite (s. Atacamite, i. 429). 

EenssehiCrite 

KegigaUum 

Resinapitic acid .... 


Eeamein or Resinouo 

Resins . . ... 

A. Resins exuding from Plants 

B. Fossil Resms .... 

C. Resins extracted from Planta by 

Alcohol 

Resorcin 
Respiration . 

Theoiy of res,, 

Absorption of oxygen 


lalatiou of carbonic aoid . 
Absorption and exhalation of 

tiogen 

Quahties of respiratory oxygon 


Cutaneons lespiration 
Intestmal respiration 
Air-bladder of fishes 
Respiration of eggs 
Variations in the quant 
bonio acid exhaled 
Consumption of oxygen 
Breathmg impure air 


Retlnolo and l^tinyl 


Retort . 

Retzbanyite .... 
Retzite (s. Eddforeite, it 861). 


Rbamnetm . 
Rhomnin . 
Rhamnoonthartin . 
Rhamnotaniiio acid 


Rhamnus 

Rhaponticm (s. Chtysophanio acid, 
968). 

Rbeadic acid 

Rheio aoid, Rhein (s. Chrysophanio aoid, 
I, 998). 


Rheostat . — 

Rheum (s. Rhubarb, p. 107). 

Rheumm (k. Chrysophanio acid, i. 968). 
Rhodanides . ' .... — 

Rhodooretin (a. Convolvulin, ii. 16). 
Rhodeoretinol ) a. Oonvolviilinolio acid, 
Rhodeoretinolie aoidj ii. 16. 

Rhodium ...... — 

Rhodium, Alloys of . , , .102 

Rhodium, Chlondes of . . . . — 

Rliodium, Cyanide of (s. Cyanides, ii. 

271). 

Rhodium, Detection and Eetimation of . — 

Rliodium, Oxides ot . . . 104 

Rhodium, Oxygen-salts of . . . — 

Rhodium, Sulphides of . . . . 106 , 

Rhodiiun-compouuds, Ammoniacal — 

Rhodium-gold (p. 102) 

Rhodizito — 

Rhodizomc aoid — 

Rhodoohrome lOB 

Rhodochrosite ..... — 

Rhodonite — 

Rhodophyllite (s. Rhodoohrome). 

Bhodotannic acid, or Rhodoxanthin , 107 

Rhomb-spar — 

Rhubarb — 

Rhubarbario acid, or Rhubarbaiin (s. 
Chrysophanio acid, i 968). 

Rhus 108 

Hiomelaidamido 109 

Ricmelatdio acid — 

Ricmelaidin — 




Rioinine 

Ricmoleamide 1 

Ricmoleio acid 

Ricmo-margaritic and Rioino-steario 
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Kiomamiite (s. AUophane, i. 132). 
Kinmann’s green (s. Cobalt-CTeen, 
1067). 


Kipidohte 

BisigaUo (8. Realgar). 
Bittingerito . 
Eivulin . . . 

Kobinio acid . 


KocoeUanilide 
Eocoellrc acid _ . 

EocoeUio anhydride 
Eocoellio ethera 
Eoocellmin . 

RocheUo-aalt . 

Eoohlandite (a. Serpentine). 

Eook-oork 
Eook-orjratal . 

Eook-milk 

Rook-salt (s. Sodium, Chloride of, p. 831). 
Rnck-aoap 
Rcomente 
Ecaaslerite 
Ecettiaits . 

Eomanzovite . 

Eosaniline 

Hydrooyau-r( 

Rose, Oil of . 

Rose quartz (a. Quartz, p. 1). 

Eoseiue . 

' Eosehta . 

EoseJlan or Hoaiti 
Eosemaiy, Oil of . 

Eoaenlte (a. Plagionito, iv. 6B1). 
Eoaeo-ohromio salts (a. Chromium, i. 961) 
Eose-oobaltio salts 
Rosette-copper (a. Copper, ii 
Rosewood, Oil of . 

Rosite (a. RoaeUan), 

Rosohc acid . 

Rothofikite . 

Eottlera . . 

Eottlerin . . 

Rouoou (a. Annotto, i. 307). 

Eubeanhydric acid 
RubeUou 
RubelUta 
Euberythnc'aoid 
Eubia (a. Madder, 

Eubiaeio acid 
Eubiaoiu 
Eubiadin 

Chlororubiadin 
Eubiadipin 
Rubiafin 
Eubiogin 


Eubit . 
Eubianio acid 


Eubichlorio acid 
Chlororiibm 
Eubidehydran 
Eubidina 


Rubidium, Bromide of 
Rubidium, Chloride of 
Eubidium, Cyanide of 


Isamic acid, ni. 403). 


Euhlhydran . 
Enbmdenic acid (a 
Rubiiuc acid . 
Eubiretin 
Eubitannic acid 
Hubmutrio acid 
Ruby 

Rue, Oil of . 
Eufigalho acid 
Enlimonc acid 


lyperio acid (s. Eu! 

Oxides of, p. 137). 
Buthcmocyamdes (s Cyanides of 
Eutliemvun, li 271). 
Ruthenium .... 
Eutheiiram, Alloys of ... . 

Ruthemum, Cliloridea of 
Ruthemum, Cyanides of (s. Cyamdos, 


Ruthomnm, Oxides of . 

Ruthenium, Sulphides of 
Euthemum-compounds, Ammoniaeal 


Eubidiuin, Detection and Estimation of 
Rubidium, Eerrooyamde of (s p 129). 
Rubidium, Hydrate of . 

Rubidium, Iodide of 
Rubidium, Oxygen-salts of . 


Rutm .... 
Eunn-sugar . 

Rutmic acid (s. Eutm). 
Eiityl .... 
Kutyleno 

Eyacohte or Ebyacohte 

Eye ... . 


Sabadilia seeds ..... 

Sabadillme 

IlydrosabadiRme .... 

Saccharamide 

Saccharic acid 

Saccharic ethers ..... 

Saccharid 

Saccharides 

Saccharmieter 

bacchante 

Sncolinxoid 

SacoharometcT 

Saceharum (s. Sugar). 

Sacchulmm, Sacchulmic acid . . 

Safety-lamp (s. Combustiou, i. 110). 

Safety-tuho 

Sottlorite 

Safflower ...... 

Salraniii 

Saffron 

Sogapenum 

Sagenite ...... 

Sago 

Sahlite 

Sol 

Salamander 

Salangona 

Salop 

Salhydramide (e. Ilydrosalicylamidc, 

Sahem ...... 
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lionzosnlicin . 
Clilorosalicm . 
Humbosaliem 
Salicosyl 
SiiHoyl . 

Piihoyl-ncetio aoid . 

Salicylamio acid . 

Nitroaalioylainic aciil 
EtliylsaHcylamic acid_ . 
Bonzoylsnlicylainic acid . 
Cumyiaalicylamic acid . 
Salioylamide . 

Salicylic acid , . . • 

Sahoylatca . _ . 

Brotnoaalioylic acida 
Chloroaalioiylic acida 
lodoaalicylic acida . 
Nitrosalioylic acida . 
OxyaaLcylic acida 
Salicylic anhydndea 
Salicylic chlorohydiato 
SaUoylic ctbera . _ . 

Methylsalicylio acid 
Mathyl-broicoflalicylio acid 


Methyl-cMorosalicylio acid 
Metbyl-nitrosalioylic acids 
Ethylsalioylio acid 
EtUyl-btomosalicylic acids 
Ethyl-dichlotosalicylic acid 
Etbyl-nitrosnlioylio acid 
Ethyl ene-salicj he acid 
Amylsahcylic acid 
Salioyhdo 
Salioylimido . 

Salioylol 

Cotnpoimda of sahcylol with acid 
BolphitcB of alliali metals 
Metaliio Denvatives of Salicylol • 
Sdlumlvtca 

Organic Derivatives of Salicylol : 

Aoetosaliciilol, &c, . 
.Bromosahcylols 
Gldotosalicylols 
CyanosaUcylol 
lodosalicylol . 

Nitroaalioylol . 

Sulphosalicylol 
Salioyl-sulphiirio acid (s. Sulphosali- 
oy'ho acid, p. o2B). 

SaUoyluno acid .... 
Salimim . . . . ' , 

Chloroanligonuis . 

Saliglyoic acid (s. >Snlicyliinc aeid). 

Saluctin 

Salisbnria 

Salite (a Sahlite). 

Salithol (s. Phenetol, iv. 391). 

Saliva 

Sallow-tliom or Son-buckthom (s. 
HippophaS, 111 . 166). 

Salmiac 
Salmc • 




Salt 


Salt spmgs . 

Snlt-radiole . 

Salts, Nomondaturo of . 
Salvia .... 
Snlylic .acid . . . 

Samadora . . 


Samech paracelsi . 

Samoito .... 

Samphan (s. Sapan). 

Sandal-wood . 

Santalin or Santaho ac 
Sandaraca (s. Realgar, i. 3f 

Dd (i 

Sangninam . 

Saiigiiiiiariiio . 

Saiigiiisorba . 

Samdin . 

Sanidophyt 

Sontahe acid, Santalide, Santalin, iSic. 

(s Sandal-wood, p. 187). 

Santonin • . ... 

Santonates ] 

Bromosantonin .... 

Clilorosantonin .... 

Di- and Tri-chlorosantonin . . ] 

Santonn 


Saphiro (s Sapphire). 

Sapogonin .... 

Saponarin 

Saponification 

Saponin 

Sonegm : Pob'galio acid 
Snponite (s. Soapstone). 

Saporetin 

Sappnre, Sapparito (s. Kyamte, in. 449). 

Sapphire 

Sapphire-quartz 

Saproohroine 


Siipncnia 


Sarcine . 
Sarcooolla 
SatcocoVlin 
Sarcolile 
Snrcosine 
Said 


Sardachatea . 

Sardonyx 

Sarsapanlla-root . 
SarsapanUm . 
Sassafras-oil . 
Saasnfrna-root . 

Saasafnd . 

Sassafnu (s. Saasambriu). 


Sassapanlla (a. Sarsaparilla). 
Saasarnbnn .... 
Sassolm or Snssohto 
Satorabcigito .... 
Saturation .... 
.Satiiiation. Capacity of . 


Savine, Oil of. 
Savite . 
Saymte . 


Scales of fishes and amphibia ... — 

Scammonio acid (s Jalapio acid, in. 438), 
Scammonin (n .falapin, in 488). 

Scamnionolic acid (s. J.dapmolic acid, m. 440). 
bcamniony 202 
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Sclmbusite (s Ghabnzito, i. 841 
Scliapbachite (s Bismuth-silvi 
Scheele’s green 
Schccletine . . . . 


Scolecito (including Mesolite) 

Soolexorose 

Sooparm 

Scoidom 

bcorilite 

Soorodite . . . . 


Sorophulana . 

Soim’y-graas (a Coolilearin, i 
SoutoUarm . 

Soyllito 

Sca-aalt .... 
Selv-^7ater (s. Water, p. 1019) 


IpompBio aoid . . . 

Sobaoio Olliers . 

Mothylio aobate 
Ethybo aobate 
Diglyooiylio aobate or Sebm 
Sebaoui . ... 

Sebamic acid .... 
Sebamide .... 
Sebiu .... 

Seoalo oereale (a Cereals, i. 823). 


Secondary iilooliols 
Secondary Anudea and AnuneE 
Seignette aalt .... 
Seladonito .... 

Selbite 

Selenaldlne . 


Selenidca and Solonliydrati 
Seleniocyanatea 
Solenlooy.anio acid . 
Selemooyanic anhydride 


Selenium, Bromide of . 
Selenium, Chlondea of . 
Selenium, Cyanidea of (p. 220). 
Selenium, Detection and Estimat 


8. Estimation niul Scpamti 
4. Atomic weight of Solcm 
Selenium, Fliiondo of . 
Selenium, Iodides of 
Selenium, Oxides and Oxygen- 
Protoxide? . 

Dioxide or Sdonlous oxide 
Selenious acid. 

Selenitos . 

Selciiatcs . 

Selenium, Oxyclilorido of 
Selenium, Sulphides of . 
Somccauius .... 
Semen Ginai .... 
Semen Coccognldn 
Semibeimdam 
Seminaphthnlidam 
Seminaphthylamme 
Semi-opal .... 
Seuaimontito .... 
Seneca oil ... . 

Senegal gum (a. Gum, ii. 964) 
Sonegm or Senogmn (a. Saponii 

Senna 

Sepeoiine (a. Sipeerino). 


Sepiohte (a. Meerschaum, lii. 8G4). 
Sepinne (a. Sopeenne). 

. Septana 

. Serbian (a. MiIoscIiId). 

Sericic acid (e. Myristic acid). 

Sericni 

Senate ..... 
SencoUte .... 


Seious lluid . . . 

Serpentariu . 

Seipcntiue . . 

Sei pen tine-obbestoa 
Serpentme-dolomite 
Scrpentimte . 

Serratuln , 

Serum of blood (a. Blood, 


Scrum of milk 
Seanmc-oil 
Sesleiia coiruloa . 


Sexangulite . 
Seybertito (a. Chntomte, 
Shea-butter . 

Shellac oi Shell-lac 
Shepardito 


■ Siccatirea 

' Sida caipinifolia .... 

’ Sidonte . . ... 

Siderobolo ..... 

I Sideiochalcite 

■ Sidorocomte . ... 

I Sidorodotc 

• Sideroforrite 

L Siderographite .... 

Sidcromelanc 

■ Sideropharmacolite (a. Abiohito, i 1). 
Sidoroplesite .... 
SideroBchisobte 

1 Sideroae 

- Sidcroailicite . 

Siderotantalite (s. Taiitolito). 
Sidorotype ... 

1 Sicbento ... 

- Siegenito (s. Nickcl-luiuontc, iv. d-l). 
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Sienita (3. Syonita). 

SiUoa 

Silicates, alcoholic (s. Silicic ethera). 

Silicates, metalho ! 

Quantitative Analysis . Eatimntioii 
of Silica 5 

Silicates containing ovXg Monatomic 
and Diatomic Metals . Silicates 
ofPiatoxides 

Silicates containing Triaiomic Me- 


DiatomiCf and Triatomic Metals 
Double Silicates. 

Anhydious silicates . . .2 

Hvilrated silicates . . .2 

Compounds or Mixtures of Siheates 
with other Salts. 

With Alummatea, Borates, Chlo- 
ndes, Fliiondes, Sulphates, Ti- 

tanates 2' 

With Tungstates, Ziroonates, and 

Kiohates 2i 

Silicic ethers 

Sihcides, metallic 2i 

Sdioides, organic ... .21 

SUioium (s. Sihcon) 

Silioofluoiides (s. Sihoon, FUiondo of, p. 

270) 

Silicon, Bromide of . . . 

* Sibcohydtic bromide 
Sihoon, Chloride of . . . 

Sihcohydnc chlonde 
Silicon, Detection and Estimation of 
Atomic weight of silicon 
Sihcon, Eluonde of . . . 

Silioofluonc acid . 

SihcoUuondcs .... 

Silicon, Hydride of* 


Silvei, Eluonde of 
Argentic oxvfluorii 
Silver, Fulminating 
Silver, Horn . 

Silver, Iodides of . 

Sllvei, lodobromide of 
Sliver, Native 
Sliver, Nitnde of . 

Silver Ores . 

Silver, Oxides of . 

Sliver, Oxygen-salts of 
Silver, Phosphide of 
Silver, Bed or Euby 

Silver, Sclenido of 

Silver, Selemocyonate of (s Selemocya- 


Silver, Sulphocyanate 
nates). 

Silver, Snlpho-hyponhosphite and Sul- 
phophosphite of (s. Phosphorus, Sul- 
phides of, — 


r SiHlsO* . . . . 

Sihcon, Selemde of 
Sdicon, Sulphides of _ . 

Silieohydrio sulphide 
Silicon, Snlphochlondo of 
Silicon, Telluridcs of 
.Sihqua dulcis : St. John’s Dread 

Silk 

Silhmaiiite .... 


Sjlver. 

Sliver Alloys 

Silvoi Assay 

Silver, Bismuthic (s. Bismuth-silver, 

597). 

Silver, Black (s Stephanite). 

Silver, Bnttle sulphide of. 

Silver, Bromides of . . . 

Silver Carbides of ... 

Silver. Chlorides of . . . 

Silver, Chlorobromide of 
Silver, Detection and Estimation of 

1. Keactious m the dry way . 

2. Keoctions m eolation . 

8 Estimation and separation . 

Silver, Fahl-ore (s ^etmhednte, p. 728). | 


Sliver, Tellunde of 
Silver, Vitreous 
Silver-aoetyl . 

Silver-glance . 

Silver purple 
Silver-vitriol . 

Simaruba 
Similor . 

Sniamme 
Sinapio acid . 

Sinapine . . . , 

Smapis (3. Mustard, iii. 1067). 
Sinapisine 
Smapolinc , , 

Sincalino 
Suioaic acid . 

Smothyhunine (p. 311) 
Sinistnn 
Smiiamine (s Sinamme), 
Sinopite 


Sipopira or Sebipira 
Sismondin 
Sisaeiskite 
Sisymbmuu . 

Sitio acid 
Sixe . 

Skapohte (3. Scapolite, p. 

Bkleretmito (s. Soleretinite, p. 
Skleroclase or SolerOclase 
Skogbahte .... 
Skoleoite (3. Scoleoite, p. 207). 
Skolopsite 
Skonau . 

SkonUte . - . . 

Skorodito (3 Scorodite, p. 208). 


Smaltine 
Smaragdite . 
Smaragdoohaloite (a. 1 


Smilaom (s. SavsapanUi 
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Sodium, Aiilimonide of , 
Sodium, Arseuido of 
Sodium, Bromide of 
Sodium, Chlnnde of 
Sodium, Detection and Estir 
Sodium, Fluonde of . 
Sodium, Hydrate of 
Sodium, Iodide of . . . 

Sodium, Oxides of . 

Sodium, Oxyiodide of . 
Sodium, Sulphides of . 
Sodimn, Telluride of . 


Solniioleio and Solanosteario acids (s. 
Potato-fat, IV. 728). 

Solamim ...... 

Solar oil 

Solfatnras ...... 


Specific gravities of vapours or 
vapour densities .... 

1. Gay-Lussao’a method . 

2. Dumas’ method . 

8. The process of DeviUe and 

Troost 

List of metnoirs on Vapour don- 


Spectrsl analysis 

Spectrum reactions of the metals of 
the alkahes and alkahne earths . i 
Examination of the spectra of 
bodies volatilised m the electnc 


Exammation of tho spectra of 
bodies which are gaseous at tlis 
ordinary temperatures, or which 
require to be heated m vacuiua 


Solar and SteUar chemistry 

The reversal of the spectia of 
coloured flames . 

On the couioidenoe of the 
bright rays of certam metals 
with the dark Imes m the 
solar spectrum, and the exis- 
tence of certam metals m ths 
solar atmosphere 
Stellor spectra 

Spectra of Nebulie, Comets and 
Meteors .... 

Specular iron • 

Speculum metal 

Speiss 

Spelter 

Spermaceti 

Sperm-oil ...... 

Spermatic fluid 

Spessnrtin 

Sphtena deusta 

Sphrorococciis lichenoides 

Sphagnum 

Sphalerite 

Spheno 

Sphenoclaso 

Sphenomito 

Spheroidal stato (s. Heat, lii. 88). 

Spherosiderite 

Sphorostilblte (s Stilblte, p. 488). 

Sphoruhtc 

Spigoha 

Spiko-oil 

SpdanthcB 


.Spnrtmm .... 
Spear pyrites (a. Maroaaito, lu. 4i 
Specific gravity 

Specific, gravities of Solids 
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Stalagimtca aud Stalaotitt 
iStalagmiimeter 
SlJiunatos, pp. 818, 820 &(i 
Stapelia . _ . 

Staplusagno acid . 
Sbaplusagnne 
RtapliiBaina . 


Stearanibde . 

Stearciio (s. Stearone). 
atearenn 

Staano acid . . 

Stoaratos 
Bromoateane add 
Dibromosteano acid 
Cldoroateano acid 
Stcario anhydride . 
Steal 10 ethers . 

Steandio aoid 
Stearins . 

Rlearoohlorhydrin . 
StearoglucosD 

Stearolattietin 


Stearnphaiiio aoid . . 

Stearophanm . 

Stearoplenes . 

Stoaroyl. . . . 

Rtearyl .... 
Steatm .... 
Steatite .... 
Steatuid .... 
Steel .... 
Steinhcihto (s. Diohrolte, u 
Steinmamite . 

Steiiite (3 Peotolite, iv. 865 
Stoplianito 

Stereometor (s. Voliimenom 


Stctlial »r Stethylio Alcohol 
Stibethyl, Stibmothyl &c. (s. 
radicles, Organic, i. 337). 


Stiok-Iae (s. Lac, in. 461). 
Sticta pulmonacea 
Stigmaphyllon 
Stilbeno .... 
Stilbesic aoid . 

Stilbio [(Old (s Benzilic acid, 
Stilbilio or Stilbilous acid (a 


• StiUiiigia 
■ Stillistearic acid 

StiUohta . . . 

Stilpnomelane 
Stilpiioaidciite 
Sunkstone 

Stoichiometry 

Stolpemte 

Stolzite .... 
Storax (s. Balsam, i. 497). 


Stratiotos . 

. Stratopeite . 

Streak of minerals . 
■ Strogaiiowite . 

. Stromoite 
' Stromoyerite . 

( Stromuito . . 


Strontium, Brnmido of . 
Strontium, Chloride of . 
Strontium, Detection am 
. Strontium, Fluoride of . 
Strontium, Iodide of 
Strontium, Oxide of 
Strontium, O.xysulphido 
Strontium, Sulphides of . 
Stnitlum (s. Saponm, p. 
Stiuvite . . . . 

StryoUmo acid (s. Igasur 
Stiyohuine . 


F.thylstryohnine 
Amylstryohnme 
Compounds piodiiood 
of otliylemo bi 
atryehiimo 
Chlorostryohnuio . 


Sttyohnochrome 

Stryohuoa 

Studento 

StUbclito ...... 

Stylobite 

Stylohtea 

Stylotype 

Styphmc acid (s. Oxypicrio acid, iv. 317) 

Styptente 

Styptioite 

Siyiaciu (a. Cinuyic, Clnnamate, i 980). 

iCne} 

Styrax (a. Storax). 

Styrol (a. Cinnamcno, i. 982). 

Diatyrol .... 

Styrouo (a. Styiylic Alcohol). 

Styryl (a Giimyl, i. 992). 

Stynrylamine .... 


Styrylic alcohol 
Styryllc ethers 

i&acid 

Suboramido . 
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Siibci'miilio acid 

Subcranilide 

Suberic acid 

Suberic ethers .... 

Suberin . , .... 

Suberone 

Suberyl 

Siibhiiiate 

Subnibnn 

Substitution : 

1. Of Chlorous radicles for Hydro- 

2. of Hydrogen and other Baaylous 

radicles for Chloious radicles . 
8. Of Baaylous or Chlorous radicles, 
one for the other 

Sucoinamio acid, Succinainido, Succi- 
iiBiiil, *c. (a. Sucoinio Amides, p. 4G0) 

Suooiiiasphalt 

Succmeupione 

Suoomic acid 

Succinates, Metallic 
Succinates of Organic bases . 
Bromosuooinio acids 

Succinic amides 

Succinic anhydride .... 

Siicciuio chloride 

Succinic ethers 

Succinite 

Sucoinone 

Suooiiio-Bulphiaio acid (e.Sulphosuccimc 
acid). 

Succiuum (s. Amber). 

Siiocinyl . . > . 

Succhiylio acid (e. Sucoinio acid). 

Suociatorone 

Sucrose (s. Cane-sugar). 

Sugars 

a. Fermentable Sugars 
i. Non-fermentable Sugars or Sac- 

charoids 

Chemical reactions of Sugars . 
Cane-sugar or Saccharose i 

Nitrosacchaiose, Sacehandcs, Sn- 

Paiasaocharose .... 

Paragliicose 

Sugar, inverted .... 

Sugar of fruits ..... 

Sugar of lead 

Sugai'-caudy 

Sugar-cane 

Sugar-maple 

Sulphacetamido 

iSulphaoetio acid 

Sulphacetylenio acid .... 
Sulphamothylnue (p. 477). 

Sulphamio acid 

Siilphamio others 

Methyhc sulphamato, or Sulpliamc- 

thylane 

Phenylsulphamlc or Snlplianilic 

Phenyldisulphamio or Disulphnni- 

hc acid 

Phenyldiaulphodiamic aoid . 
Beuzyldisulphamic acid 
Cumenyldisulphamio aoid 

Sulphnmide 

Sulphamidio acid (s. Sulphazotised acids, 
p. 482). 

Sulphamulobenzanmic .... 
Sulpharaidochloroheiizoic acid 
ton V. 


-jlphnmidonic acid .... 
SulphamiBOii fs. Sulphatammon). 
"ulphammonio acid (a Sulphazotised 
noide, p. 482). 

Mphamylic amd (s. Sulphuric ethers). 

ilphan 

Sulphanethio or Sulphanetholio acid 
Sulphanillc acid (a. Sulphamio ethers, 

P «7). 

Sulphanisolio acid; Sulphanieolido 
Sulphantimonates ; Sulphontimonitcs 
(b. Antimony, Sulpludea of, i. 834, 
88.5). 

Sidpharaenatea; Siilpharsenitas (s. Arse- 
ruc. Sulphides of, i. 388, 891). 
Sulpharsm (i. 409), 

Sulphatammon 

Sulphates (s. Sulphur, Oxygeu-acids of). 
Sulphatoxygen (s. Sulphur). 

Sulphazahc acid, &c. (a Siilphazobsad 
acids, p. 482). 

Sulphazobenzoylj Hydride of. 


Sulphmdigotic acid . ) (a Indigosulphunc 
Sulphindylic acid J acide, m.268). 
Sulphisatonous acid .... 
Sulphieatm (a. Disiilphiaatydci iu. 412). 
Sulphites (8. Sulphur, Oxygen-acids of). 
Snlphobeuzamic acid 
Sulphobenzamido 
Snlphobenzamlide . 

Siilphobenaide . 

Sulphobenzidio acid (s. Phenylaulphurous 
acid, under Sulphuroua others). 
Sulphobcnzoie acid. 

Nitro-eiilphobenzoic acid 
Amido-Bulpbobenzoio acid 
Sulphobcnzoie chorhydrate . 
Sulphobenzoic chloride . 

Sidphobenzoio ethers 

Sulpiiobeuzol 

Sulphobeuzolamide 
Snlphobenzolene .... 
Sulphobenzolemc acid . . 

Sulphobcnzohc acid 

HisiUpbobcnzohc acid . 
Salphobonzoic chloride . 

Sulphobenzoyl, Hydride of . 
Salphobenzylemc acid . 
Snlphobutylicnciil. ... 
Sulphooacodylic acid (s. Arsemdea of Me- 
thyl, 1 . 409). 

Snlpliocamphic aoid 
Sulphoeamphoric acid 
Sulphocapryho acid 
Sulphocarbamlc acid 
Sulphoearbamie ethers • 

Ethylie oxyaii'"’- “ 


Amvho oxyaulpliocaibamate or 
ifanthamylamide. 
Siilphocarbamido .... 
Sulphocarbimide .... 
Sulphocarbonates, Metalhc . 
Sulphocarbomc acid 
Sulpbocarbomc others , 

AUylic tnsulphocarbonate 
Amyl-diaulphocarbonic or Xaii- 
tliamyhc acid 

— , Amyl-diaulphucaihonic sulphide 

481 I Araylic diBulphucnrhuiiiito . 
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Sulphooarbomc etliers {amtiimed ) — 

Methyl- and Ethyl-amylio diBul- 
phocarhQnatea . . . . ‘ 

Amyhc trmulphocarbonate . . ‘ 

Cetyl-flistilphocarbonio acid . 
Ethyl-monosnlphocarbomo acid 
Ethyl-monoBuIphooarbome sulphide 
Ethyhc monosulphocarbonate. 
Ethyl-diBlilphocnrbome or Xanthic 


Ethyl-triaulphocarbomc acid . 

Ethyho triaulphocaibonate 
Methyl-disulphocarbomc acid . I 

r Mothylic diBnlphucarbonnte , 
Sulphocarbonio ethera contaimng dia- 
tomic alcohol-xadiclcs . 

Amylcmo tnsulphocarbonate . 
Ethylenio triBulphocarbonate . 
Ethylenio disulphocaibonate, or 

XanthatB f 

Methylenic, Tritylenic, and Tetry- 
lemo tnsulpliooarbonateB . , 

Snlphooaibovinio acid (a. Ethyl-disul- 


Sulphoohlorobonramide . 
Sidphoohlorobentoic acid 

Disulphooblorobeiizoic acid , 
Sulphooholeio acid . 

Sulphocunamic acid 
Siilphooumemo acid 
Snlpbooamide. .... 
Siilphocyanaoetioaoid (s. Thiocyanogly 
coUio acid) 

Sulphooyatiio acid . 

Metallio aulphocyanatea . 


lodooyanie sulphida . . . 616 

Sulphooyaiuo ethera .... 616 
Allylio Bidphocyanate, or volatile oil 
of mustard ... . — 

Amylio Bidphocyanate . . 619 

Ethylio sulphooyanate ... — 

Ethylenio sulphocyanata . . 620 

Hexylic aulphocyanote ... — 

Methyhc sulphocyanate ... — 

Naphthylic aiilphocyaiiate . . 621 

Phenylic Bidphocyanate . . — 

Siilphooyraemc acid (s. CymylBulphni- 
oiifl acid, ii. 288). 

Sulphodrnoomo acid .... — 

Sidphoflavio acid (s. Indigosulphnric 
acids, ui. 262). 

Siiiphoform .... — 

Siilphofulvic acid (s. Indigosulphuric 
acids, liu 262). 

Sulphogluoio acid (b. Glncoaosulphuric 
acid, li. 872) 

Sulphogliitmio acid .... — 

Sulphoglyoeria acid (a. Glyoeroanlphuno 
acid, 11 . 892). 

SulphoglycoUic acid (a. Ethylenio acid, 
sulphate of. ii. 882). 

Sulphohippurio acid . . . . — 

Sulpho-hydroquinonio acids (s. Hydro- 
qumone, in. 217) 

Sulphomargario and Snlpholeic acids . 622 

Sulphohgnic acid — 

Sulphomannitic acid . . — 

Snlphomclaniircnic acid . . — 


SiilphomolybdnteB (s. Molybdenum, iii. 
1048). 

Sulphomorphide 

- Sulphonaphthalene 

■ Snlphonaphthahc acid (e. Sulphurous 

ethers, p. 660). 

1 Sulphonaphthahdamic acid (s. Naph- 
thionio acid, iv. 17) 

Sulphonaphthauic acid (s. Sulphonaph- 
ihalic acid). 

■ Snlphonarcotide ... .65 

■ Sulphophenic acid (s. Sulphuric ethers, 

p 627). 

Siilphophenylamide . . . . - 

Sulphophenylic chlondo (s. Sulphurous 
ethers, p. 664). 

Sulphophenylic hydride (p. 664). 

. SulphopheDylsitcoiuamic acid . . 65 

Sulphophloramio acid . . . . - 

; Sulpbophloretic acid , - 

Sulphophosphatea aud Sulpbophosphites (s 
Phosphorus, sulphides of, iv. 603, 604). 
Sulphopiaiuo acid (s. Opianio acid, iv. 206) . 
Sulphopurpuno acid (s. Indigosulphuric 
adds, in. 262), 

Sulphopyromucio acid . . . . - 

• Sulphoqninio acid (s. Quinine-sulphuno 
acid, IV. 26). 

Sulphoretinylio aoid . . . . - 

■ Sulphoruilo acid (s. Indigosulphuric 

acids, lu. 262). < 

■ Sulphosacoharie or Sulphogluoio aoid . ■ 

Snlphosolicylioacid , , , 65 

Snlphosiiiapic aoid . . . . 6i 

Sulpbosinapisin 

Suiphosiiooinic aoid . . . . 65 

Sulnhosulphamylio acid (s. Amylsul- 

pliurous acid, p 662). 

Sulphoteiluratea and Sulphotolluntes 
(s Telliiriuni, p. 718). 

Sulphothyniic acid (a. Cymylsulphurous 
acid, u: 298). 

' Sulphotoluoiamide or Suiphobenzyl- 

i Sulphotoluylio acid (s. Sulphurous ethers, 
p 663). ^ ^ 

Sulphololylamic acid . . . • 

Sulphotn^osphamide . . . .6! 

. Sulphovanadates oud Sulphovanaditss 


SulphovKidio aoid (s. Indigosulphuric 
acids, iii. 262). 

Sulphoxalenide and Sulphoxamule (s. 
Cyanogen, Sulphydrates of, u, 286). . 

Sulnhoxybenzoie acid .... 

S-ulphur .... 

Sulphur, Bromides of . . . . £ 

Sulphur, Chlorides of, or Sidphides of 
chlorine 

Disulplude of Chlorine . . . 

Protosulphide of Chlorine . . f 

Tetiachloride of Sulphur 

Sulphur, Cyanide of (e. Sxdphooyanio 
anhydride, p. 816.) . 

Sulphur, Detection and Estimation of: 

1. Beactiona i 

2. Quantitative estimation and sepa- 

3. Atomic weight of sidphur . . . 
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SlUphar, FluoJide of . . . 
Sulphur, Iodides of . . . 

Sulphur, Oxides and Oxygen-acida 

Dioxide of Sulphur, Sulphurous 
oxide or anhydride 
Sulphurous acid 
Sulphurous ohlonda 
Sulphites, metaUio . 

Sulphites, Alooholio ; Sulphurous 

ethers 

Amylaulphurous acid 
Diamylio sulphite . 
Benzylsulphurous acid . 
Cumenylaulphurous acid . 
Ethylsulphurous acid 
Ethylsiilphni'oua chlonde 
Diethyiio sulphite , 
Ethylamylio sulphite 
Methylsulphurous acid . 
Methylsulphtirous chlonde 
Dimethyho sulphite 
Methyl-ethyho sulphite . 
Chlonnated methylsulphurous 

ClilotomethyUulphutQus ohlo- 

Naphthylbulphurous acid 
Naphthylsulphuroua chloride 
Ethyl-naphthylio sulphite 
Kaphthyl-thionamio acid 
Bromo-, Chloro-, and Nitro- 
naphthylsuJphurouB acids 
Phenylsulphurous acid , 
Phenylsulphuioua chlonde 
Thraiylsulphuroua acid (a. 
Oymylsulphuroua aoul, n. 

Xyly:^’ulphutouB acid 
Sulphurous ethers eontaunng Dia- 
toraio Alcohol-radicles i 
Ethylene-sulphurous noid 

Methylene-sulphurous aoid 
Naphthylene-sulphurous aeid 
Phenylene-sulphurous acid 
Tntylene-sulphurous acid 
Trioxide of Sulphur, Sulphuric 
Oxide or Anhydndo 
Sulphuric acid 
Sulphuric bromide . 

Sulphuric chloihydrate 
Sulphuno chloride . 
Nitrososulphurio aoid 
Sulphates of ffitrosyl or Azotyl 
Sulphates, MetaUio 
Sulphates of Aluminium . 

Ainmmic double sulphates: 
Alums . 

Sulphates of Anunoniiun 
Antimony, Barium 
Sulphates of Bismuth, 

Cfosium, and Calcium 
Sulphates of Cerium 
Sulphates of Chromium 
Sulphates of Cobalt 
Sulphates of Copper 
Sulphates of Didjunium, 
Gluoinum . 

Sulphates of Indium 
Sulphates of Iron . 

Sulphate of Lanthanum 
Sulphate of Lead . 

Sulphate of Litliluin 
Sulphate of Magnesium 


Sulphates of Manganese . 

Sulphates of Mercury 
Sulphates of Molybdenum 
Sulphates of Nickel, Osmium, Palla- 


Sulphates of Platinum 
Sulphates of Potassium 
Sulphates of Khodium, Rubidium, 
Rnthemnm. Silver 
Sulphates of Sodium 
Sulphate of Strontium 
Sv^hates of TeBuuum, Teibium, 

Sulphates of Thorinum, Tin 
\ Sulphates of Titanium, Tungsten, 


Sulphates of Vanadium, Yttnum, 




Etheis 

AUylsulphuric acid . 

Amylsulphunc acid . 

Butyl-, Oapiyl-, and Cetyl-sulphuno 

Ethvlsulpburic acid 
Diethylic sidphato . 

Sulphcthamic acid . 

Methylaulphorio cold 
Dimethyho sulphate 
Octylsulphoric acid. 

Pheuylsulphurio act 
Ajmendix to Phenylsulphurie amd 
Paraphenylsulphurous aoid f 
Dibtomophenjdsolphurous acid 
Diazophcuyl^phuious acid , 
Diazodibromophenylsolpburous 


acid 


I'otrylsulphuno acid 
Tritylsulpburic acid 
Hyposulphurous or Thiosulphurio 

Ditteonic or Hyposulphuno acid . 

Tnthionic acid 

Tetrathiomo acid . , . . 

Pentatbioiiio acid . . . . 

Sulphur-acids or Sulphanhydndas . 


Snlphuret (s. Sulphide, p. 482). 
Sulphnric acid and anhydride (p. £69} . 
Sulphuno chloride (p. 676). 

Sulphuric ethers (p. 620). 

Sulphurous acid and anhydride (p. 640). 
Sulphiu-ous chlotido (p. 642). 

Sulphurous ethers (p 661). 

SnlphuTHsalts . . ... 

Snlphuryl . . ... 


Sumbuho aad. 
Snmbulme 
Sumbul-oU . 
Sumbnl-root . 
Sundvikito . 


Superphosphate . 
Surmamine , 
Suvturbrand . 

.Susaiinito or Suzanmte . 
SvaiibeigitB . 

Swaga . 

Swamp-ora 
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Smetenia 

Sycocetylio acid . 
Sycocerylio alooliol 
Sycocerylia aldehyde 
Sycocorylio ethers 
Sycoretin 

Syepooiito 
Syhadnte 
Sylvan . 

Sylvanite 
Syh io acid 
Oxysylviu 
Sylvino or Sylvito . 
Sylv-inohc acid 
SymholB, Chomical (s. Fi 
r and Notation, iv. 186). 


Sympathetic ink 
Symphytum . 

Symplesito . . , , . 

Sj-nnntherin (s Simstrin, p. 311). 
Syiiaptase (s. Emulsui, in 486). 
Syndcsmides .... 
Sjmovia , 


Synthesis, Chomical 
Synton— 


Synnga . 
Syringenin 
Spnngopioriii . 

Srajlolyito 


Tabasheer 663 

Tabergite — 

Tabular spar — 

Taoamahac 664 

Taobyaphaltita 

TachyJiito — 

Taohylyta — 

Tieniiu — 

Togihte — 

Tagiia-nut ..... . — 

Ta-hong — 

Tiiigu wood 666 

Taiguio acid . . ■ . . . . — 

Takourave (a. Nephrite, iv. 81). 

Talc — 

Tale, Iiuliirated 668 

Talc, Whita — 

Talc-alum — 

Talcapatite — 

Talo-chlorita (a. Clinochlorc, i. 1026) 

Taloriron-ora — 

Talc-ironstone .... — 

Talc-garnet — 

Talcite or Talkite . . ' . . . — 

Talcoid — 

Talcose slate — 

Tallicoonah-oil (s. Cnrapa-oil, i. 749). 

Talliiigitc — 

Tallow 667 

Tulmi gold — 

Ta-lou ' . _ 

Taltahte 

Tamarmds — 

Tamante — 


Tanacetin 

Tanacetiim 

Tanah-ampo 

Tanghinia 

Tangiwaite 

Tannaapidic acid 
Tannecbrtcpimo a 
Tannomte 


Tannigenamic acid (a Gallan 
769) 

Tanmngcmc acid (s. Cateohin, i. 816). 
Tannomclanio acid . 

Tannoplc acid. 

Tannoxylic acid 
Tansy . 

Tantalite 
Tantalum . 

Tantalum, Bromide of 
Tantalum, Chloride of . 

Tantalum, Detection and Estimation of’ 


2. Keaotions lu solution . 

8. Estimation and aeparntioi 
4 Atomic weight of Tantali; 
Tantalum, Fluondo of . 
Tantalum, Nitiide of . 
Tantalum. Oxides of 

Dioxide or Tantaloua oxide 
Bentoxido, Tantaho oxide, o 
drlde . . 

Tantalic acid . 

Tantalates . 

Ferrous Tantalate 
and TapiohU 
Tantalate of Yttrium i 


ruroi 

talite . . . 

Tantalum, Sulphide of 
Tapanhoaoanga 
Tapioca . 

Tapiolite. 

Tar , 

Taraxacin 
Taraxacum 
Taniowitzite 
Tartar . 

Tartar-emetic , 

'forlario acid 

Dextrotartano acid , 

Loovotartario acid 
Tartrates . 

Tartrates of Monatomic metal 
Tartrates of Diatomic metals 
Tartintes containing Triatomic 
metals and Metalloids 
Aeids isamenc mth Tartano Acid 
Kacemlo or Paratnrtano acid (p. 34). 
Inactive Tartaric or Meaotartano 




Matatortaric acid . . . . I 

Glycotartaiio acid . . . . ( 

Adds derimd from Tartano Acid by 
the subshtutmi of And Radicles 
for the Alcoholic Hydrogen : 
Dincototartario acid and anhydride. 
Benzotartario acid . 

Dibromotartaric acid 
Nitrotartane aci ’ 

Tartano amides 
Tartanc anhydrides 
Ditai’tario aoid. 

Tartrelic acid . 

Insoluble tartaric anhydi 
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Tartaric Ethers ..... 
a. Neutral Ethers containing Mmalamio 
Alcohol Radicles : 

Ethylie tartrate, or Tartano ether 
Aoetotartario ether . 

Diaeetotartarie ether 
Bonzotartario ether . 
Aeetobenzotartario ether 
Succinotartanc ether 
Methylio tartrate . 

/3. Acid Ethers containing Monatomw 
Alcohol Radicles, 

Amyltartano acid . 

Ethyltartario acid . 
Ethvlbenzotartauo aoid . 
Methyltartaria acid . 

Citro tartaric acid . . . _ 

7 Tartanc Ethers containing Rolg- 


Tartarm . 

Tartarus .... . . 

Tartralio acid (s. Ditartario acid, p. 691). 
Tartramethano 
Taitramio acid 

Phenyltartramic acid 
Tartramida . 

Diphonyltartramide 

Tartranil (s. Phenyltaxtramide) 
Tnxtramho acid (s. Phenyltartramic acid, 
p. 679). 

Tartranilida (a Phenyltartramide,p 697). 
Tartrates (p. 676) 

Taitrelio acid (p. 691). 

Taitrethylic acid (s. Ethyltartario acid, 


Tartromothylio aoid (a Methyltartario 
acid, p 696). 

Tartronio acid. 

Tartrovimo aoid (a. Etliyltaitano acid, 
p 694). 

Tartryl . . .... 

Tartrylio acid (a Tartaric acid). 

Tnsm’anito 

Tannus-slate 

Taunne i 

Tanriscito 

Tauroohenooholio acid .... 

Taurocholic aoid 

Taurylic aoid ' 

Tautocliue 

Tautohte 

Taxm 

Taj 


Ta^tm . 


Tectizite 
Tectoca (s. Teak). 

Teeth 

Tekoretin 

Telaesin or Telescm .... 

Telerythrm 

Telesie (a. Corundum, li, 86). 

Telhvtamyl (a. Amyl, Telluridc of, i. 206) . 
Telluiatcs (p. 716). 


Telluretbyl (a. Ethyl, Telluride of, n. 
*680). 

TeUurhydno amd (a. Hydrogen, Tellu- 
ride of, HI. 204). 

TeUurio acid (p. 716). 

Telluno bismuth (a. ToUaridcs). 

TeUurio ochre 

TeUunc silver (a. TeUurides). 

TeUundea and TeUurhydratea 
TeUuntea (p. 714), 

Tellurium ..... 
Tenutium, Alloys of (s. TeUurides, p. 
707). 

TeUuriuin, Bromides of. 

Tellttnum, Chlorides of . 

TeUurium, Detection and eAimation of : 

1. Bloivpipe reactions . 

2. Eeactions m aolution . 

8. Estimation and separation . 

4. Atomic weight of TaUunum 
TeUurium, Fluotidea of . 

TeUuiium, Iodides of ... , 

Tellurium, Oiades and Ojcygen-aoids of i 

TeUurons oxido oi anhydride 
TeUuroua acid ... 

Tellurites ... 

Telluno oxide or auliydnda 
TeUunc acid . 

Tellurates , . , 

Tellurium, Selenide of . 

TeUurium, Sulphides of. 

Telluromethyl (s. Methyl, TeUimde ofi 
lii. 992). 

TeUuroua salts .... 
Temperatuio (a. Heat, in, 18). 

Tempermg 

Temphn-oil 

Tonnantito 

Tenorite 

Tephioite 

Tephroaia 

TeracryUc acid (s. Pyroterebio acid, 
776). 

ToratoUte ..... 

Teratonatrite 

Terbium and Erbium 
Terebamic acid .... 

Terobamide 

Terebeiie 

Terebenio acid (s. Torebio aoid). 

Tercbenthene 

Terebentilio acid .... 
Torcbenzio acid .... 

Tcrebio acid 

Torebio ethers .... 
Torebilic acid (s. Torebio acid). 
Terecamphene .... 
Terechrysio or Terecryho acid 

Teromte 

Terephthalnmide (p. 726). 

Terophthahe acid .... 

Kitrotorephthalic acid . 
Terephtholie amides 
Terephthaho chlondo . 

Terephtholie ethers .... 
Torephthalyl-nitrUe (a TerephthaUc 
amides, p. 726). 

Teropiammone (s. Opianic acid. Amides 
of, IV. 206). 

Terpm"*^!^®' Turpentino-oil, Hydrates 
Terpmol J 

Terra Galoolra (s. Catechu, i. 816). 

Terra di Siena 
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Tetrn 

Terrain _ . 

Terra muiiatica 

Terra nobilia ...... 

Terra ponderosa 

Terra vitrcacibilifl 

TesseUte (a. ApopbylUte, i. 861). 

Teaaeral pyritea 

Tetartine 

Tetartobediy (a. Crvstallography, ii. 121, 

Tetra 

Tetraolaaita (a. Soapolite, p. 208). 
fTetradeoyl or Tetradecalyl . 
Tetradymita . 

Tetrahednte . . 

Tetramercnrainmoninin 
bases, Ammomaoal, iii 
Tetramethylaimnomum 
Tetramethylethylene 
Tetraaitronaptblhalone 
Tetrapboapliamio aoida 
Tetrapbcisphates . 
Tetrosulphodiphenylcnio acid 
TetratHomo aoid (a. Sulpbur, Oxygen- 
acids of, p. Gil). 

Tetrasodiphenyl (a. Diazobenzlduie, iv. 
412). 

Tetjazodiphenylimide .... 
Tetrophyline 

Tetretbylammonium .... 

Tetryl 

Tetryl, Acetates of 

Tetryl Alcohols 

'Tetryl, Bromide of 

Tetryl, Carbonate of (s. Carbonic ethers, 

Tetryl, Chlorido of 

Tetryl, Cyamde of (s. feamdcs, u. 272) 
Tetryl, Eoimate of (s. ]?onmc ethers, u 

Tetryl, Hydrate of. ... 

Tetryl, Hydride of. 

Tetryl, Iodides of 

Tetryl, Nitrate of 

Tetryl, Oxide of 

Tetryl, Sulphateof (s. Srilphunc ethers, 
p. G29). 

Tetryl, bulphydrate of . . . 

Tetrylamine 

Tetrylene 

Tetrylene-diamine 

Tetiylenio acetate 

Teti^enic alcohol 

Tetrylenic bromide 

Tetiylenio oblonde .... 
Tetryl-glycol (a Tetrylenic alcohol). 

Tetrylin-tnamine 

Tetryl-oenanthyl (a. Butyrone, i. 698). 
Te^lsulphimo acid (a. Sulphunc 

Tetrylsulphydric aoid (p. 786) 

Teuenum 
Xeutlose. 

Texaaite . 

Tbakcetone 
'Thalite . 

Thalleioohin .... 

Thalhte (s. Epidote, ii. 490). 


Thnlliiim 
Thallium, Alloys of 
Thallium, Biomidea of 
Thallium, Chlorides of . 

'Thalhum, Cyanide of . . . 

Ihum, Detection and Estimation c 

1. Reactions in the dry yray 

2. Reactions In solution . 


4. Atomic weight of ' 
Thallium, Eluondei ' 
'ThaUinm, Iodides o 
ThaRinm, Oxides ol 
'ThaRium, Oxvgen-salts 
u. Thallious salts 
p. Thalho baits 
Thallium, Phosphide of 
ThaUium, Selemde of 
Thalhum, Sulphide of 
Thallium-benzamide 
Thallium-ethers . 
ThaUium-gloss 
Thallium-triamine . 
'Thalloehlore .... 
Tharandite (s. Bitter spar, iii. 


Thebaino 
Theholaotio aoid . 
Theme . . . . 

'Thciothennin (s. Baregii 
Thenardite . 

Thdnard’s Blue 
Theobroma . 
Theobromine . 
Thermobarometer . 
Thermometer . 
'Thermometrio nnolysis 
'Thermomultipliei . 
Thormonatnte 
Thermophyllito . 
Thermostat . 
Thpythrin . 

Thiaoetio acid 
Thiaoetio anhydride 


Ethyl-thialdme 
MeUiyl-thialdme . 
Methyl-thialdammonuim 
'Thiamethaldino (s Methyl-thialdini 
Thianisoic acid 
Thlamsol ... 

Thierschite ... 
Thiethaldino (a. Ethyl-thialch 


Thiobenzaldinc 
Thiobenzoio acid . 

Thiobenzol . . . 

Thiobutyric acid . 

Thiocapnnaldine . 

Thiochronio acid . 
Thiocinnol 

Thiocuraol or Thiocumiuol 
Thiocyanides . 

Thiodiacetio aoid . 

Thiodiacctimide . . 

ThlodiglycoUamic acid . 

ThiodiglyooUainide 
Thiodiglycollic or Thiodiact 
ThlodiglyoolUc chlonde . 
Thiodiglycollic ether 
Tbiodiglycolhmide 
Thioformic acid 
Thiofuciisol . 

Thiofnrfol or Thiofurfurol 
Thiomelanic acid . 
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Tluomethalnliie (s, Math 3 ’ltlualdiae, p. 774). 


1C acid (b. I7aphth3'lsuipiiu- 
IOU3 acid, p. 660). 

Thionaphthamic or Naplith 3 'lBulphamio 

Thionessal ... ... 779 

Thionuno acid — 

Thionyl . . . . . , .780 


Thiophospharmo acid 
Tluopliosphodiainio add 
Thiosalicol 


Bromothiosmatnme 
Am 3 ’ltliioamamino 
Ethylthiosinamine . 

M 6 th 3 'lthi 08 mamme 
NaphthylthioBinammc 
Phenylthiosmamiiie 
Thiosinonilme (s. PhenylthiosinamuiB). 
ThiosmnaphUiylauiina (s. Naphthyl- 
' thiosinamine), 

Thiotoluio acid 
Thiotoliiolio acid 
Thiovaletio acid 
Thjdraa Lava . 

ThjBrsaiuto . 

Tliomoito 

'riiomaonite , 

Tlioniia (b. Thonnum, Oxide of. p. 787). 


Thnrmum, Chloride of' , 

Thoniium, Detection and Estimation of 
Tliorinum, Eluorido of . 

Thoruium, Iodide of 
Thomum, Oxide of j Tltort, 

Thormum, Oxyohloride of 
Thonnum, Oxygen-salts of 
Phonniim, Oxyaulplude of 
Thonnum, Phosphide of 
Thormum, Sulphide of . 

Thorite .... 

Thorium (s. Thormum). 

Thrauhte 

Thndacium . • . 

Thrombolito . 

Thsing-hoa-liao 
Thuir 
fhuje 


16 (s. Thujone). 


Thujetio acid . 
Thujet 


Thujigenm . . . ■ 

Thujin 

Thuione . . . . 

Thulite (a Epidote, ii. 490). 

Thumite (s. Axlnite, i. 477). 

Thuringite .... 

Thyme, Oil of 

Th 3 rraeid (s. Thymoil, p. 793). 

Thymeno .... 

Thymieioaoid («, Thyinotic acid, p. 796). 
Thymme 

Thymoil . .... 

Thymoilamide , Th 3 Tnolhc acid; Thy- 
mollol (s. ThymoH). 

Thymol ..... 
Pentabromothymol , 

Chloroth 3 Tnola 
NitroLh 3 'molB 


Th 3 'mutic acid 796 

Thymotide ... .796 

Thymus (s. Thyme, Oil of, p. 791). 

Thymus-gland — 

Thymyl 797 

Th 3 myl, Hydride of . . . . — 

ThymyHulphurio amd .... — 

Thymylsulphuroua acid (s. Cymylsul- 
phntous aoid, ii. 299). 

Tioonas Poison . . . . ~ 


Properties 
Tin, Alloys of 
Tin, Bromides of 
Tin, Butter of 
Tm, Ohlondes of , 

Diohlonde or Sf 

Sesquichlorido . . . . ■ 

Tetrachloride or Stannic Chloride . : 
Tin, Cyanide of (s. Cyanides, n. 273). 

Tm, Detection and Estimation of: 

1. Blowpipe reactions 

2. Ucactions in eolation . 

3. Quantitative estimation 
Volumetric estimation . 

Separation from other metals 


Chloride . — 


6 Atomic weight of Tin 
Till, Fluondes of . 

Tin, Iodides of . . . 

Tm, Oxides of: 


Protoxide or Stannous oxide . 
Sesqmoxide . 

Dioxide or Stannic oxide 
Stannic hydrates and salts 
Stanmc acid and stannates 
Metastanmo acid and Metastan- 


Tin, Oxychloride, Oxyfluotide, and 
Oxviodide of (pp. 807, 813, 814). 

Tm, Phosphide of . . . . .821 

I’m, Seleiiides of .... — 

Tin, Sulphides of 822 

Protosulphide or Stannous siil- 

Sesqnisulphida . . . — 

Disulphide or Stannic sulphide — 

Sulphostannates . . . 823 

Tm, Sulphochlonde and SulphoiodidO of 
(pp. 809, 814). 

Tmcal . . ooi 


TmiJato. . ^ . 

Tin-pyritea . 

Tin-radides, Organic 
Stannethyls 
Stannmethyls 

Tuohte (s. Tyrolitc) 

Tltaic^id} “• Titanium (p. 844). 
Titaniferous iron (p. 846). 

Titanite .... 
Titanium . 

Titanium, Alloys of 
Tiianhun, Bromide of . 

Titanium, Chlondes of . 

Titanium, Cyanides of (s. Cyanides, i 
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Titanium, Detection and Estimation of 

1. Blowpipe reactions . 

2. Eoaotiona in solution . 

3. Estimation and separation . 

Volumetric estimation 

4. Atomic weight of Titaiiiuni 

Titanium, Fluorides of . . 

Titanium, Iodides of 
Titanium, Nitrides of . . . 

Titanium, Nitrocyanide of . 

Titanium, Oxidos of : 

Protoiddo 

Sesquioxido or Titanons oxide . 

Dioxide or Titaiuc oxide . 

Titanic acid 
Titanates 

Titanium, Oxycliloiide of (p. 8371. 
jritanimn, Oxyfliioride of (p. 8'10). 


Tobauoo-oil 

ToUaooo-seed oil , 

Toddalon (a. topez-rootj ui. 738). 
Tolallylsulphido .... 

Toloiie . - 

ToUd 

Tolm (s. Toluene) 

Tolu-halsam (s. Balsam, i. 498). 
Toliiamw aoid (s. Oxytoluauuc acid, iv, 
831). 

Toluene or Toluol ... 

Amidotolueno (s. Tolnidino, p. 865), 
Azotoluenes (s. Azotoluidines, p 


Toluio 01 ToluyUo acid {continued)- 
Alphatoluie acid 
Pnrachlorotoluio acid 


Toluic anhydride . 

Salioylotoluio anhydride 
Toluic Chloride . 

Toluio others . 

Tolmdene or Benzyhdeue 
Toluides .... 
Toluidme 

Phenyltoliudme 
1 Benzyltoluidine 

Dibenzyltoluidiiic . 
Denvntiyoa of Toluidme 
i Aldohyde-radieles 

Azotolmdino 
, Azoditoluidmo . 

I Azo^hcnyl-tolyldiamii 

Dibeuzylaraine . 
Tnbenzylamino . 
Pheiiyl-benzylamine 
Toluol (s. Toluene). 

Toluoho acid (b. Toluio aoidl. 


Hyrtroxyltolueno, Oresol, or Cresylic 

Alcohol 

Mctliyltoluene .... 
Dioxj|methyltolncno . 

O.xytoho aoid , 

SiUphur-iIerivatives of Toluene, and 
compounds isomeric with them . 
Bonzylio snlphydrate 
Toliieiiic snlphydrate 
Bonzylio sulphide 
Oxybonzyhc sulphide . 
Benzylic disulphide 
Tolueuic disulphide 
, Oxybenzyhc oisnlphido . 
Tolueno-sulphamide 
Toluene-sulphobromide 
Toluene-sulphoohloride .... 
Toluene-sulphuric acid . 
Toluene-sidphurous acid 
Toliienyl (s. Tolyl). 

Tolu-ou^euyl (s. Engenotolmo anhydnde, 

Toluglyoic aoid (s. Tolurio acid, p. 868). 
Toluic or Toluyho acid .... 
lodotoluic acid .... 

Nitrotolulc acid .... 

Nitiotoluic ethers 
Dmitruloliuc ethers 
Oxytoluamic acid .... 


Toluoho acid (s. Toluio acid), 
Toluomtrile (s. Eenzyloyaiiide, i. 678). 
Toluosalioyl, or Toluosalioylol (s. Sah- 
cylol, p. 170). 

Tolurio acid 

Toluyl ....... 

Toluylamine 

Toluylono 

Toluyho acetate 

Toluyho acid (s. Toluio acid, p 861). 

Toluylio alcohol 

Toluyho ohlonde 

Toluyho aulphldo and sidpliydiata . 

Tolyl or Benzyl 

Anndobonzyl 

Biomohonzyls 

Nitrobonzyl 

Tolylaoetomide . . . ., 

Tolylamiiie (s. Benzylammo, p. 867). 
TolylamUne ... 

Tolylbenzamido 

Tolyloarbamide . ... 

Tulyl-diphenyl-rosanilmo (ly. 478). 
Tolyloue (s. Beuzylene, i. 677). 
Tolyleue-diammo .... 


Tolylone-tnannnes. .• 
Tolyl-ethyl-urca 
Tolyl-plionylaraiiie. 
Tolylsahoylamide . 
Tolylsucoiiiimide . 
Todylmlphuious bromide, oh 

Tolyl-thiosinamine. 

Tombac 
Tombnzite 
Tonka-beans . 


Topaz-rook . 

Topazohto 

Toibamte 

Torberite (s, Uianite). 
Tormentdla . 

Torpedo . 

Torrehte (s. Niobite). 
Torricolhnn yucuimi 
loiiloucouna or Tulucii 
oil, I. 749) 

I oulouroii Oil . 

loiirmuhiic, Aitihoial 



THE FIFTH VOLUME. 


1H3 


Toumaliiio-rolk and Tonrmalme-slate . 877 

Towanite (a Copper-pyntca, ii. 77). 

Traoliydolarite — 

Tiachyta — 

Tragacanth (s. Gum, li. 966). 

Tragopogou — 

Tionspiiation ...... 878 

Transudation — 

Trap — 

Trapa — 

Trass — 

Tiayeraellito ...... — 

Travertine — 

Trehala or Tiioala — 

Trohnloso (s. Myooae, in. 1068). 

Tremella — 

Tremeniioarite ..... 879 

Tremolitc — 

Tri — 

TnaHyl-snlphiodide .... — 

Tnamyl-glycerm — 

Ttiamylidoue (s. Ttioxomylamnie). 
Trianosporma ..... — 

Trioala (s. Trehala). 

Tnoaprouylamme (s. Tricenanthyla- 

Tricarballyho aoid — 

Ti'ioarballylio ethers . . . .880 

Tnohaloito — 

Triohopyrite — 

Tnchisito (s. Fahlunite, ii. 616) 

Tridacium (s Thridnomm, p. 788). 

Tiideoyl, Hytlncle of — 

Triothylglyoerin or Tnothylin . . — 

Tnethylsulplune 881 

Triothylsulphurous ootnpoiinils . . — 

Triethyl-tritylphyoite (p. 896). 

Tnfoliiim .... .888 

Tiigenio acid — 

Trigloohin . . . . 884 

Tnglyoonamioaoid (a. Glyoollamio acids, 

Trihep^lamme .... — 

Triheptylidone-dirosamline . . — 

Tnhydrocarbo-xyho acid (s. Hydrooar- 
boxyUo acids, ill 189). 

Tnraerouranil, Nitrate of (iv 475). 
Tnmefchil-glyoerm. or Trimethylin , 886 

Tniuethylsulphme — 

Tnmethylsulphurous compounds . . — 

Trimethyl-tellurous compounds . . 886 

Trimorphism (s. Dimorphism, il. 831). 

Trlnnorite 

Trioanonthylamme (a. Triheptylaminn 

p 881). 

Tnomanthylidene-diroBaniline (p. 884). 

Tnox.TOiylamme 

'J'rioxyahzarin (a. Purpimn, iv, 751). 
Trioxyprotoin (a. Protein, iv. 788). 

Tripe-stone 

Triphano 

TriphyUuia 

Triple salts 

Triplito 

Tnpoclose (s. Thomsonlte, p. 784). 

Trijioli 

Trithionio acid (S Sulphur, Oxygen-acids 
of, p. 680). 

Tiiticin 

Tiitioum 

Tntomite 

Tritoxide ... 

Trityl or Propjl .... 


Trityl alcohols .... 

Tntyl ethers 

Tntyl, Hydride of . 

Trifylamme or Propylamine . 
Trilylene or Propylene . 

Tnlylemc alcohol .... 
Trilylenlo ethers .... 
Tritylphycite or Propylphyeite 
Trilylphycitie acid. 

Tntylphycitic diohlorhydrm . 
Tritylphycilic dichlorobrornhydrin 
Tntylphycitio ethers 
TromboUte (a. Throinbolite, p. 788). 

Trona 

Troostite 

Tropceolum .... 

Tropino 

Truffle 

Tcheffkimte or Tschewkinite 
Tchon 


Tsohowkrnlto (s. Tscheffldmte). 

TschoinoBom 

Tae-hong 

Tsing-lien 

Tuber cibarium (s. Truffle, p. 896), 
Tnesite .... . 

Tufa 

Tulip-tree ..... 
Tulucuna, Tulicoona, or TaUiooona ci], 
(a. Carapa oil, i. 749). 

Tulucunin . 

Tungaten . 

Timgsten, Alloys of 
Timgstcn, Bromides of 
Tungaten, Chlorides of 
Oxychlorides . 

Tungsten, Detection and Estimation of: 

1. Blowpipo reactions 

2. Reactions m solution . 

9, Estimation imd separation 
4. Atomic weight . 

Tungsten, Huonde of . 

Tungsten minerid .... 
Tungsten, Nitride of . . 

Tunfflten, Oxides of. 

Dioxido or Tungatoua Oxide 
Trioxidiii Tungstic Oxide, or 
dride ..... 
Tungstates 
Metatungatatea 


Tungsten, Oxychlondes of 
Tungsten, Phoaphidea of 
Tungsten, Sulphides of 
Sulphotungstates 
Tungsten-methyl . 
Tungsten componnds 


%ilieotmigatio acid 


Tmigsldiis compounds . 


Turheth (s Turpeth). 

Tiirgito 

Tuminlme (s. Tourmaline, p. 875). 
Turmeno 
Tiunbull’s Blue 
Tiiniorite 

Tumor's Yellow . 

Turnip (s. Biamu-.', i. (,01) 
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Tiiipeutme camphor 
Turpentae gnll-nuta .... 
Tuipeuti'ne, Oil of . . . • • 

Compounds of Tiirpentine-oil with 
Hydroehlorio, Hydiobromic, and 
Hydnodic acids . . • _ • 

Hydrates of Turpontiiie-oil . ‘ . 
Molecular transfonnauon of Turpen- 

Subatitution-prodttctB of Turpen- 
tine-oil 

Turpentme-vamishes .... 
Tunieth or Turbith mineral . 

Turpeth or Turbith root 

Turpethio acid . . • • 

TurpetMn 

. TurpethoKo acid ..... 
Turrite (a. Entile). 

Tuasilago 

Turquois 

Type-metal 

Tyiiea, Chemical 


Amidotyroaina 
Dibromotyroame 
Nitrotyroaine . 
Dinitrotyrosine 
Erythrosiii 

Tyroaine-aulphurio acid 


nilmaniu 
Ulmarioacid . . 

Ulmio acid, XJlmin 
Ulmona or Humoiie aubat! 
ZTlmus .... 
Clteiiite . . . 

Ultramarine . 

Ulya .... 
Umhellio acid 
UmbelUfeiono 
Umber .... 


Urahte-porphyry . 

Unalorthite . 

Uramil (a. Dialuramide, li 316). 
Urnmilic acid 

Uramc acid .... 
Uranlto 

Uranium, Bromides of . 

Uranium, Chlorides of . 

Uranium, Cyamdes of . 

Uramum, Betoebou and Esfamatio 
1. Blowpipe reactions . 

2 Eeaotiona m aolution . 

8. Estimation and separation 
4. Atomic weight of Uranium 
Uranium, Fluorides of . 

Uranium, Iodides of . . . 


Uranium, Oxides of 
Uranous oxide 
Uranoso-uionic oxide 
Uramc oxide . 

Uranat&s . 

Uranium, Sulphides of . 
Uramum-green — Uranyl . 
Urao .... 

Uran (s. Curara, ii. 186). 

Urdite 

Urea . . . . 

Compounds of Urea 
Substitution-derivatiyes of Uj 
U reides 


Products formed from I 
oxidation, &c. 
Glyoolurio acid. 
Bromaoetylureas 
Glycoluril 
Boibiturio acid. 

Unnary sodimeuls and i 
Analysis of unne . 
Urine, Fusible salt of . 
Urme, Spuit of 
Urochrome — Urorhodm 
Urosteatite . 

Uroxanic acid. 

Ursone .... 
Urtica .... 
Usmo acid or Usnin 
Uvitio and Uvitonio noida 
Uwarowite . . . 


— Vaeotnio acid . ... I 

— Vacoinium 

— Vacuum 

— Valene (s. Valeronc). 

— Valenoiaiiite ! 

988 Valentimte . .... 

— Valemcotonitrile . ... 

— Valoral . . . . 

989 Coi^ounda and donvatives of 

r 

— Valeraldme ' . 

— Valeramio acid (s. Amidovalenc acid, p. 

940 978). 

— Valci amide 

— Valcramme . . ... 

— Valeramlide . ... 

Taleiates (p. 976). 

— Valerene (s. Amylene and Borneeue). 

— Talenan . 

— Valerianlo or Valene aoid 

— Valeratea 

— Amidovalenc acid .... 

942 Bromovalcrio aoid 

— Chlorovalerie acids . 

— Hitrovalenc acid .... 

Valenan-oil . *. . . 

948 Valerio aldehyde (a Valeral, p. 973). 

— Valene anhydride 

— Valene bromide and chloride 

944 Valeric ethers .... 

945 Valene iodide. . . 

— Valeric oxides . . . . 
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Valerins 

Valenmo acids .... 
ValerodicUorhydrin 
Valeroglyceral .... 

Valeral 

Yalerolaoboaeid .... 

Talerone 

Valeronitoae (s. Cyamde of Tetryl, i 


Valeryl-hutyl (a. Valerone, p. 981), 

Valerylene 

Valeryl-hydrida (s. Valeral, p. 978). 
Volerylnrea (s. Valerureid). 

Valoma 

Valyl 

Valylene 

Valylides (a. Valylene). 

Vanadates (s Vanadium, p 989). 

Vanadio aoid 

Vanadmbronaito 

Vanadinite 

Vanadious acid (s. Vanadium, p. 088). 
Vanadites ...... 

Vanadium 

Vanadium, Bromide and CMoridos of . 
Vanadium, Deteotion and Estimation of' 

1. Bloiniipe reactions 

2. Beacaons in solution . 

8. Estimation and Sepaiation 
4 Atomic weight of vanadium 
Vanadium, Eluondes, Iodides, and Ni- 
trides of 

Vanadium, Oxides of ... . 

Dioxide 

Trioxide 

Tetroxide of Vanadious oxide 
Vanadious salts and Vanadites 
Pentoxide or Vanadio oxide . 
Vanadio salts .... 
Vanadates .... 
Vanadium, Oxy bromide of . 
Vanadium, Oxychlorides of . 
Vanadium, Sulphides of . . . . 


V^etable parchment (a. CeUulose, i. 

Vegetables, Nutrition of (s. Nutrition of 
Plants, IV. 162). 

Vein-stones £ 

Venetian red 

Venetian Talc (a. Talc, p. 666). 

Vciuce Tnrpentane (s. Tnrpentme, p. 
919). 

- Verantm 

- Vorntric acid ...... 

Vemtnn (a Verntmm-reain). 

Vcratrine £ 

Veratrol £ 

Voratrum 

- Veratnim-resin 

Verbascnm 

Verbena-oil . . . . • . 

Verdigris ... . . 

- V^rditer 


■B, Density of (s. Specific gravity. 


Vaugnerite . 
Vauqueline . 
Vauquelmite . 
Vegetable alkali 
Vegetable ethiops 
Vegetable Ivory 


Vermiculito 

Vermillion (s. Mercuric Sulphide, n 
918). 

Vermontite 

Vemonia 

Verbdme 

VcBuvian 

Vetch (s Vioia). 

Vetiver 

Vibumio add ..... 

Tiburnum 

Vicia 


Vine 

Vmetin ..... 
Vinegar (s. Acetic acid, 1. 7). 

Viola 

Violan 

Violantm .... 
Violcmo acid (s. Viola). 
Violet (Aniline) 


— Violm or Viola-emetm . , , 

988 Viohne 

— Violonc acid 

— Virgmia creeper .... 

989 Virgimc add 

— Virido Eoris (s, Verdigns). 

— Viridio acid 

992 Vindm (s. Chlorophyll, 1 922). 

— Viridine . ... . . 

993 Virola tallow 

994 Viscnuteclun 

— Viaoene 

Viscic acid 

Visoinol 

Viscosuneter 

— Viecnm ...... 

— Vitellm 

— Vitex 

— Vitis (s. Vine and Vitgimn Creeper). 

— Vitrinoptd 


— Vitnle (s. Vitrinopal). 

996 "Vifcrum Anf.imnnn . , , , , 

— Viviamte 

— Vdlcknente (a. Hydrotidcite, iii. 219). 

— . Voighte 

— Volborthite .... 

— Volcanic glaas (s. Obtidiau, iv. 169). 

— Voloamte , ... 
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Volgentc 

Voltaic battery (s. Electricity, li 414). 

Voltagometer 

Voltaito 


White antimony . 
White nrsoiiic 
White copperas 
White iron pyntea 


Viilpio acid • 

Vulpmite 

Vulpnhe acid, Vulpulin (e. Vulpio acid). 


Waelce (s, Grauivacke, u 812). 


Ooourronoe, Proportic 
Eenotions 
CombmntionS , 
Natural water . 
Eam-water 
Spnng-water . 


— White lead 

— White-lead ore ... . 

— White pigments .... 

White telliirium . . . . , 

White vitriol .... 

— Whitneyite ..... 
Wichtisitc, Wihtibite, or Wichtyn 
AViBemite, Wilhelmite, or WiUiamsit 
Willow 

1006 AViluite . . . . 

— Wmd-ftmiaee 

1007 Wine 

— Analysis of Wine . 

— Wine, Oil of (s. Etherm, u. 507). 

— Wisents 

Withamite 

AVitherite .... 

Wittichenite or Witticluto . 
Wittingito 

Wood ...... 

1008 WOhlente 

— Wdrthite ..... 

— Wolohite 

— Wolchonakolte .... 

— Wolfram 

— Wolframine or Wolfram-oohre 

— Wolfsbergite 

— WoUastoiiite ..... 

1009 Wongshy or Wongsky . 


Sea-water 

Quality of water need for economic 
and teelnucal purposes 
Water-aimlysis 


Estimation of Fixed Constituents . 
Hardness . 

Organic substances . 
Acid constitiieiita 

Statement of the Eesults of Water 


— Wood . 

— Decay of woody hbre 

— Destructive distdlation of wood . 

— Wood-oil . . . . . 

1012 Wood-splnt (s. Methyl, Hydrate of, in. 

lOld 988). 

1014 Wood-tar (s. Tar, p 670). 

— Wool ... 

1015 Wooraia (a Curara, u. 186). 

1017 Woolz 

1019 Wormseed 

Wonuseed-oil 

1022 DerivaU.\ea Ciniobono, Gmsebeue- 

1026 camphor, Cmaipheiie, Ckuoiphano 

— , CiDKphono, and Cinaerol . 

1027 Woiilfe’s apparatus . . . . 

1028 Wrightine 

1033 Wulfenita 

1084 Wurtzito 


Wax, fossil (s. Ozoci 

Websterite 

Welirhte 

Weissigite 

Weissito 


Xantliiimide . 

— Xanthamylumide . 
Xantbamyho acid . 

1036 Xanthamyhc ether 
. — Xunthon 

. — Xanthnrin or Xoutlul . 

. 1087 Xanthem 

Xaiithelmo . 

. — Xantheiia 

. — Xanthvdric acid . 


— Xanthic acid . 

— Xanthic ether 

— Xanthic oxide 
Xanthidee 

Xanthil (s. Xanthurin). 

— Xanthine 

— Xantlunmo . . . 

— Xanthmocarpm 
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Xanthobetic acid .... 
XanthocbyrnuB .... 
Xaiithocobaltio salts 

Xanthooono 

Xanthooystm (s. Tyroame, p. 931). 
Xiiiitbogen .... 

Xanthogen-oU .... 
Xaathoglobulm .... 

Xantholcin 

Xantholein 

Xauthonathylio aciil . 


Xantbopbyll ...>.. — 

Xaiithopbyllite (a Clintonito, i. 1026). 
Xanthopiorm or Xantbopionto . . 1063 

Xantboprotoic acid .... — 

Xanthopynte (s Iion-pyrites). 

Xanthorhamnui — . 

Xanthorrbceaream (s. Acaroidream i. 2). 
Xautboitbito . . ' . . . . 106'1 


Xanthotanmo aoid 
Xanthoxylena 
Xntilboxylm . 
Xantlioxylou 
Xanthiirm 

Xenolito . . , 

Xonotime 
Xenylamme . 

Azo-dixsnylaimno . 
Diethyl-xenylamme 
Xonylene-diamiue . 
Xciiylenio alcohol . 
Xoraaito. . . . 

Xilite (s. Xylito). 
Xilopal (8. Xylopal). 
Xuthene 


Xylene or Xylol . . . _ . 

Ethylbenzene *1066 

Brnmo-xylones .... 1067 
Chloro-xylcnes .... 

Nitro-xylenea 

Azo-xylene 

Ethyl- and Methyl-xylene . 
Xylene-diamme (a. Xylylone-diamine). 
Xylone-sulphochloiide .... 
Xylone-anlphuric aoid, Amido-xylene 
sniphuno acid .... 

Xyleiie-sulphuroua acid . . . 1069 

Xylene-aulpbydrate 
Xylenyl. 

Xylonylatnine (a. Xylidine). 

Xvlidamine . 

Xyhdine . . 

Dinitroxyhdine 

Xylite ....... 

Xylobalaamum 1060 



Xylyl 1061 

Xylylamme — 

Xylylene — ■ 

Xylyleue-diamino — 

Nitioxylylenc-diamme ... — 

Xylylic acetate, ohloride, &c. (a. Tolnylie 
acetate, &c. p. 870). 

Xylylic ncid 1062 

Alphaxylylic acid ... — 

Xylyhc alcohols — 

XylylaulpUamic aoid .... 1068 


Tabicoja 1061 

Tam (a Dioacorea, n 836). 

Yanohte, or Tanthohte (a. Axinite, i. 477). 
Yeast (a. Ifermentation, u. 629). 

Yellow copper-ore (s. Copper-pyrites, il. 

Yellow dyes (a. Dyeing, n 
Yellow lead-ore 
Yellow metal . 

Yellow ochre . 

Yellow pigments , 

Yellow-pods . , . 

Yellow teUuriura (s. Sylvanito, p. 647). 

Teuite (s. Lievrite, m. 689) 

Yerba matd (a. Paiaguay tea, iv. 349). 
Ypadn-plant (a. Coca, i 1069). 

Ttterbite, Yttente (a. Gadolimte, ti. 767), 

Yttna — 

Yttnte (a. Gadolinite^ u. 767). 

Yttrium — 

Yttnnm-compounda . . . 1064 

Detection and Estimation of Yttrium 106 6 

Yttrocerite — 

Tttiocolumbite (a. Tttrotantalite). 
Yttroilmenite . ' . . . . — 

Yttiotantalite — 

Yttrotitunite ...... — 


Zacotiuga 
Zaffiie . 

Znla (a Borax). 
Zamboni’s pUa 


Zanttiopicrin (a Xanthopicrite). 
Zcagonite 

Zeasitc 

Zedoary 

Zeiodelite .... 
Zea Maia .... 


Zeolites ' 

Zeotm-salt 

Zenimbct-root 

Occurrence. Metallurgy . . 1( 

Properties 

Zme, Alloys of 1( 

Zme, Bromide of ....!( 

Zinc, Chloride of .... . 

Compound with Ammonia 

with Alkaline Cblondea ll 
with Zinc-oxide . 

Zinc, Cyanide of (s. Cyanides, ii 274). 
Zinc, Detection and Estimation of' 

1. Blowpipe reactions 

2. Eeactions lu solution . , . 1 
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Zinc, Detection &c, (coatmued)— 
S. Estimation and Smiarati - 
4._Atomio weiglit of Zinc 


!i 


. 1071 


Zmc, Fluoride of 

Zinc, Iodide of 1072 

Zinc, Nitride of . . . 

Zinc, Oxidoa of . , . 

Zmc, Oxychloride of (p. 1070). 

Zinc, Peioxide of (p. 1071). 


Zinc, Phosphides of 
Zmc, Selenides of . 

Zinc, Seleniocyanate of (p. 220). 
Zinc, Siiboxide of . . . 

Zinc, Sulphides of: 


Oxysulpmdee 
Pentnaulphide 
* Zmo, TeUuride of . 
Zincacetamide 
Zincamide 
Zin< 


. 1074 


ayl 


Zino-esi_ 

Zincozurite 

Zinc-blende 

Zinc-bloom or Zinconieo 
Zmo-butter ...... 

Zinoethyl (p. 1076) 

Ziiio-fnlilors 

Zmo-flowors 

Zmc-glosB ) s. Siliceons calamine, 
Zmo-grammatite J i. 718). 


Zinconiso (s. Zincite). 

Zino-pbenylamide . 

Zmo-phyUite (s Hopeite, iii. 106). 
Zmc-iaaicles, organic . 

Zino-amyl 
Zinc-ethyl 
Zino-metliyl . 

Zinc-spar (s. Calamine, i. 713) 

Zmo-spinel fs. Gahnlte, i. 767). 

Zmo-vitriol (s. Sulphates, p. 617). 

Zino-vitrite (s. Siliceous calamine^ i. 714). 
Zinc-whits .... . 1079 


?lUglbOT (s. 
iinkeuite 


ibOT (s. Ginger, ii. 838) 


Zippeite 

Zuconia . 
Zircouic acid 
Zircomte 


Modifications i 
line, and graphitoido 
Zirconium, Bromide of 
Zucomum, Chloride of . 
Zirconium, Detection and 


Zirconium, Fluoride of 
Fluozirconates 
Zireonium, Nitride of 
Zirconium, Oxide of 
Hydrates . 

Zirconatoa 
Zirconium, Oxychlorides of 
nium, Chlonda of, p. 1080). 
Zirconium, Sulphide of 
Zircon-syenite 
Zoiodin . , 

Zomidin .... 
Zoochomioal Analyses (s. 
260). ^ 
Zoomelanin , 

Zoonic acid . 

Zoosteano acid 
Zootio acid , 

Zootme-salt . 

Zooxanthm , 

Zoigito . 


Znmio or Zymic acid 
Zurleiito or Zurlite 
Zwiesebte . , 

Zygadite 

Zyraic acid (s. Zamio s 
Zymie infusoria 
Zymotne . • 

Zymoscope . , 
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ART; Comprising the Definitions and Derivations of the Sciantiflo Terms 
in general use, together with the History and Description of the Scientiflc 
Principles of nearly every Branch of Human Knowledge Pourth Edition, recon- ^ 
stnicted by the lata Author and the Rev. G. W, COX, M,A. assisted hy Con-' 
tributors of eminent Scientific and Literary Acquirements. In Three Volumes, 
medium 8vo. price 63s. 

KEITH JOHNSTON’S GENERAL DICTIONARY OP GEOGRAPHY. 

Descriptive, Physical, Statistical, and Historical Porming a Complete Gazetteer 
of the World. New Edition, revised and corrected to the Present Date by the 
Author's Son, Zbith Johnston, P,R.G,S. In One Volume, medium 8vo. 

[In the press. 

M'OTJLLOGH'S DICTIONARY OP COM M ERCE AND COMMERCIAL 

NAVIGATION. New Edition, revised and corrected throughout; with Supple- 
ments containing Notices or Abstracts of the New Tariffs for the United 
States and Spam, and of our New Bankruptcy, Naturalisation, and Neutrality 
Laws. Edited by Hugh G. Rbid. With Eleven Maps and Thirty Obabts, 
In One Volume, medium 8vo. price 63s. 

URE’S DICTIONARY OF ARTS, MANUFACTURES, AND MINES. 

Sixth Edition, rewritten and enlarged by Robert Hunt, F.R.S. Keeper of 
Mining Records , assisted by numerous Contributors emment in Science and 
' famihar with Manufactures. With about 2,600 Engravings on Wood. In Three 
Volumes, medium 8vo. price £i. 14s. 6<?. 

GWILT’S EN0YCL0PJ]DIA OP ARCHITECTURE. 

Illustrated with more than 1,100 Engravings on Wood, revised, with Alterations 
and considerable Additions, by Wtatt Papworth, PeUow of the Royal Institute 
of British Architects. Additionally Illustrated with nearly 400 Engravings on 
Wood by 0, Jewitt, and more than 100 other Woodcuts. In One Volume, 
medium 8vo. price 62s 6d, 

OATES’S NEW DICTIONARY OP GENERAL BIOGRAPHY; 

Containing Conoieo Memoirs and Notices of the most Eminent Persons of all 
Countries, from the Earliest Ages to the Present Time. With a Olassifled and 
Chronological Index of the Principal Names. In One Volume, medium 870. 
price 21s. 

COPLAND’S DICTIONARY OP PRACTICAL MEDICINE, 

Abridged from the larger work by the Author, assisted by J C Oopjand, 
M.R 0 S. imd throughout brought down to the present state of Medical Science. 
In One Volume, medium 8vo. price 368. 

A DICTIONARY OP CHEMISTRY AND THE ALLIED BRANCHES 

OP OTHER SCIENCES, founded on that of the late Dr. Ure. By Hbnrt 
Watts, B.A. P R.S P.C.S. assisted hy Eminent Soientifle and Practical Chemists. 
In Six VonuMBS, medium 8vo. price ^8. 148 6(J. 

SUPPLEMENTARY V OLUMB of Recent Chemieol DiscoverioB, in the press 
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MATTNDEB’S 


POPULAR TREASURIES. 

OOHTAINIHG UHTSTEKSAIiT. BEQUIEBD I«POaMA.TION, IN A POETABLB 
BHAPB. AND OONVBNIBNTIT AREANBED. 


THE TREASURY OF KNOWLEDGE AND LIBRARY 
OF REFERENCE; 

A Copious Popular Eneyelopcedia of General Knowledge. Revised Edition, Corrected 
and Enlarged. Price 6a. cloth lettered ; or I Os. calf. 

THE SCIENTIFIC AND LITERARY TREASURY: 

Or, Populai Cyclopaedia of Science, Literatnro, and Art. Revised and in great 
part Rewritten, with upwards of 1,000 Now Articles, by Jambs Yatb Johnson, 
Corr. MZ.S. Price 6s cloth lettered, or 10s. calf, 

THE BIOGRAPHICAL TREASURY: 

An Alphabetical Dictionary of the Lives of all Eiumoiit Mon Reconstructed .and 
partly Rewritten, with about 1,000 Additional Memoirs and Notices, by 
W. L. R. Oates. Price 6s, doth lettered , or 10s. calf. 

THE HISTORICAL TREASURY: 

Comprising a General Introductory Outline of TTnirersel History, Ancient and 
Modern, and a Senas of Separate Histones of every Nation. Carefully Revised 
and brought down to the Present Date, by the Rev. G. W Cox, M.A. Price 6s. 
cloth lettered ; or 10s. calf. 

THE TREASURY OF NATURAL HISTORY: 

Or, Po^nbar Dictionary of Beasts, Birds, Fishes, Reptiles, Inseeta and Creeping 
Things. Revised, corrected and supplemented by E, W El. HuLnswoETii, 
F.L,a. F G.S. With above 900 Woodcuts. Price 6s. cloth lettered , or 10s calf. 

THE TREASURY OF GEOGRAPHY: 

Physiwl, Historical, Descriptive, and Political. Oomprieiiig an Aoeonnt of every 
Country m the World. Completed by W. Huonns, F.R.G.S. Revised and 
Corrected thronghont; with 7 Maps and 16 Plates. Price 6s. cloth lettered , 
or 10s. calf 

THE TREASURY OF BOTANY: 

Or, Popular Dictionary of Trees, Shrubs, Plants, Flowers, and all Vegetable Growths , 
■ with which IS incorporated a Glossary of Botanical Terms. Edited by J. Lindlev, 
F.B.S. and T Moojib, F L S With 300 Woodcuts and 20 Steel Pktes. In Two 
Pants, price 12s. doth lettered; or 20s. oaH. 

THE TREASURY OF BIBLE KNOWLEDGE: 

Or, Dictionary of the Books, Persons, Places, Events, and other Matters of which 
montion is made in Holy Scripture. By the Rev. John Avaa, M A. With about 
300 Woodcuts, 16 Plates, and 6 Maps. Price 6s. doth lettered , or 10s. calf. 
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^HE SCIENCE AND ART OF SURGERY; 

Being a Tiealise on Suig cal Injniies, Diseases, .and Opeiations. By John 
Eric EriCiisiiN, Scnioi Suigcon to Univcisity College Hospital, and 
Holme Piofcssor of Clinical Siugeiy in Univcisity Coll gc, London. 
Sixtli Edition, tlioioiighly levised and enlarged; Illustrated by 712 Eu- 
giavings onWood, 2 voK Svo, pine 32r. 


^ SYSTEM OF SURGERY, 

Theoretical and Piactical, m Treatises by vauous Autliois. Edited by 
T. Holmes, M.A , Suigeon and Lectiiici on Suigeo', St George’s 
Hospital, Second Edition, tlioiougbly levised, with numei oils Woodcuts, 
Lithographs, and Chi omolitliogiaphs ; in ail 472 Illustuations. In Five 
Volumes, 8vo, puce One Guinea each. 

♦„* Each Volume may be had separately, as follows : — 

VoL. I , puce 2lf., compn'cs all the aitides on GENtRaL Pathology 
contained in the Fiist Volume of the pievious Edition down to the end 
of “ Collapse,” with the addition of Mi, Crofi’s essay on Hectic and 
Tiamnatic Fevei and tlie Aftei-Trcatinent of Opeiations, which foiincd 
part of the Appendix to the previous Edition. 

. VoL II., piice 21S , compiiscs all the Tiealises in the previous Edition 
iclatmg to General and Special Injuiies. s 
VoL. III., price 2ir — Diseases of the Eye and Eai, of the Organs of 
Cuculallon, Muscles, and Bones. 

VoL. IV., puce 21^.— Diseases of the Oigans of Locomotion, of Innci- 
vation, of Digestion, of Respnatioii, and of the Uiuiaiy Oigans. 

VoL, V., piice 2IJ, — Diseases of the Genital Oigaus, of the Breast, Tliyroid 
Gland, and .Skin, Opeiativc .Siiigciy, Appendix of Miscellaneous 
.Subjects ; with a Geueial Alpbabetical Index to the whole Woik, and a 
List of the Authois. 




WORKS ON MEDICINE, SURGERY, &^c. 


QUAIN’S ELEMENTS OF ANATOMY. 

^ .Sevcnlli Edition [1867]. Edited by William Sharpey, M.D., F.R.S , 
riofes.501 of Anatomy and Physiology in Umveisily College, London , 
Allen Thomson, M.D., F.R S., Piofcssoi- of Anatomy m the Uravci- 
Evty of Glasgow ; and John Cleland, M.D , Piofessor of Anatomy in 
Queen’s College, Galway. Illustiated by upwaids of 800 Engiavingi. on 
Wood. 2 vols. Svo, pi me 3IJ 61/. 


^NATOMY, DESCRIPTIVE AND SURGICAL. 

By Henry Gray, F.R.S , late Lectuiei on Anatomy at St. George’s 
^ Hospital. With about 400 laige AVooclciits; those in the First Edition 
after Oiiginal Diaw'iugs by Hr. Carter, fiom Dissections made by the 
Author and Dr. Carier; the additional Drawings in the Second and 
subsequent Editions by DR. Westwacott. 

Siith Edition, by T. Holmes, M.A., Surgeon to St. Geoige’s Hospital ; 
with an Intioduction on Geneial Anatomy and Development by the 
Editor, Royal Svo, aSr. 

COOPER’S DICTIONARY OF SURGERY AND 

ENCYCLOPAEDIA OF SURGICAL SCIENCE. 

New Edition, biought down to the present time. By Samuel A. Lane, 
Snigeon to St. Maiy’s Hospital, assisted by vaiious Eminent Suigeons, 

2 vols. Svo, piicc 501 

q^ABLETS OF ANATOMY AND PHYSIOLOGY. 

By Thomas Cooke, F.R.C.S., Assistant-Siugeon to, and Senioi Demon- 
strnloi of Anatomy at, the Westminslei Hospital. Ciown Svo. 

Eai and Eye, ir. ; CuciUation, Respuation, Ammal Heat, is. 61 , 
Cianial Nencs (longh edition), 61, 

OUTLINES oFpHYSIOLOGy” HUMAN AND' 

COMPARATIVE. 

By John Marshall, F R.S., Piofessoi of Suigeiy m Univeisity 
College, Loudon j Suigeon to the Ihuveisiiy College Hospital. With 
122 Woodcut Illustrations. 2 vols. ciown Svo, 32s, 

^ODD AND BOWMAN’S PHYSIOLOGICAL 

ANATOMY AND 'PHYSIOLOGY OF MAN. 

VoL. I. New Edition by Di. L S, Beali', F.R.S., m course of publicalion, 
with nmneioiis lilustiatioiis. Parts I. Sc II., 8io, 71. 61. each — 
Yol. II. 2^s. 

QOMPARATIVE ANATOMY AND PHYSIO- 

LOGY OF THE VERTEBRATE ANIMALS. 

By Richard Owen, F R.S., Superintendent of the Nat. Hist. Depait- 
ments, British Museum. 3 vols. Svo, mth 1,472 Woodcuts, 73r. 61. 
VoL. I E/s//es and Rutiles, with 452 Woodcuts, 21s. 

V0L,,1I. Wat m-blooded Vettebrates, with 406 Woodcuts, 2IL 
Vol. in. Masmiaha, mcludmg Man, with Copious Indexes to the 
whole woik, and 614 Woodcuts, 31J. 6d 
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anlr ^iterEk^. 


T ECTURES ON THE PRINCIPLES AND 

PRACTICE OF PHYSIC, 

Deliveied al King's College, London, by Sir Thomas Watson, Bait., 
M.D., F.R.S., Hon. LL.B. Cantab., Hon. D.C.L. Oxon., &c., Pliysician- 
in-Ordinary to the Queen. Fifth Edition, levised and enlarged, witli two 
Plates. 2 vols. 8\o, piice 36A 

COPLAND’S DICTIONARY OF PRACTICAL 

MEDICINE : 

Computing Special Patliology, the Piinciples of Theiapeutics, the Nature 
and Tieatment of Diseases, feibid Stuiotuies, and the Disoideis especi- 
ally Incidental to Climates, to Races, to Sex, and to the Epochs of Life ; 
With an Appendix of Appioved Foiinute. Abridged fioiti the larger 
woik by the Aulhoi, assisted by J. C. Copland, M.R.C.S. Svo, 361'. 

JT ARAD AY AS A DISCOVERER. 

By John Tyndall, LL.D., D.CL., F.R.S. Second and Cheapei 
Edition, with Two Portiaits. Fcap. Svo, puce y. 6d. 

ANALYSIS oF^THE^^PHENOMENA OF 

THE HUMAN MIND. 

By James Mill, A New Edition, with Notes Illustiative and Ciitical, by 
Alexander Bain, Andrew Findlater, and George Grote. Edited, 
with additional Notes, by JOHN Stuart Mill. 2 vols. 8vo, 28i. 

^HE SENSES AND THE INTELLECT. 

By Alexander Bain, LL.D., Piofessor of Logic in the University of 
Abeideen. Thud Edition, with numerous Emendations, and a Review of 
Darwin on Expiession as a Postscript. 8vo, ISr. 

lyrENTAL AND MORAL SCIENCE: 

A Compendium of Psychology and Ethics. By the same Author. Third 
Edition. Clown Svo, los. 6d. To he had also in Two Parts : — 

Part I., Mental Science, puce 6 j. (sd . ; Part II., Moral Science, price V' 6if. 

^HE HISTORY OF PHILOSOPHY FROM 

^ THALES TO COMTE. 

By George Henry Lewes, Fouith Edition, corrected and partly re- 
wntten. 2 vols. Svo, puce 32^. 

^HE SECRET OF HEGEL: 

being the Hegelian System in Origin, Principle, Fonn, and Matter. By 
James Hutchison Stirling, F.R.C.S. & LL.D, Edm. 2 vols., Svo, 281’. 
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gIR WILLIAM HAMILTON ; 

being the Philosaphy of Peiceptioii : an Analysis. By James Hutchi- 
son Stirling, F.R C.R & LL D. Edin. 8vo, Sf. 

LECTURES ON THE PHILOSOPHY OF LAW. 

Together with Whewell and Hegel, and Hegel and Mi W. R. .Smith. A 
Vindication in a Physico-Matheinatical legaid. By the same Author. 
8vo, puce 6r. 

REGARDS PROTOPLASM. 

By the same Author. Neiv Edition, completed by the addition of PART' H. 
Ill reference to Mr. Huxley’s Second Issue and of a new Preface in leply 
to Mr. Huxley in “Yeast.” 8vo, puce 2s. 

EXAMINATION OF SIR W. HAMILTON’S 

PHILOSOPHY, 

And of the Pimcipal Philosophical Questions discussed in his Wiitings. 
By John .Stuart Mill. Fouitli Edition. 8vo, idr. 

A SYSTEM OF LOGIC, RATIOCINATIVE AND 

INDUCTIVE; 

Being a Connected View of the Principles of Evidence and the Methods of 
Scientific Investigation. By the s.Tine Author. Eightli Edition, a vols. 
8 vo, price ajj. 

LILLICK’S HANDBOOK OF MILL’S LOGIC, piice 2>s, 6(f. 
gTEBBING’S ANALYSIS OF MILL'S LOGIC, price 3s. M. 

logic, deductive and inductive. 

By Ai.exander Bain, LL.D., Piofessor of Logic In the University of 
Aberdeen. In Two Paits, cioun 8vo, pnee lor. 6d, Each Part may he 
had separately •— 

Part L, Deduction, price 41. ; Part II., Induction, piice 6r. (>d, 

LJEBERWEG’S system of logic, and 

HISTORY OF LOGICAL DOCTRINES. 

Tiaiislatcd from the German, with Notes and Appendices, by Thomas M. 
j Lindsay, M.A., F.R.S.E , Examiner in Philosophy to the Univeisity of 

j Ediiibuigh. Svo, puce ifir. 


|)ivt^Dljo5:ir anil Q^rcatirant xif 

lectures on surgical PATHOLOGY. 

Delivered at the P.oyal College of Surgeons of England. By Sir James 
Paget, Bait., F.R.S., D.C.L , &c., Seijeant-Suigeon to the Queen, 
Suigeoii 111 Oidinaiy to the Piince of Wales, Surgeon to St. Bartho- 
lomew’s Hospital. The Thud Edition, icvised and re-edited by the 
Author and W. Turner, M.B., Piofessor of Anatomy m the University 
of Edinburgh. Svo, with 131 Woodcuts, price 21s. 
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PULMONARY CONSUMPTION; ITS NATURE, 

VARIETIES, AND TREATMENT : 

Withnn Analysis of One Thousand Cases to exemplify its Dm atlon. By 
C. J, B. Wli-llAMS, M D., Fellow of the Koval College of Phy- 

sicians; Senior Consultina; Physician to the Hospital foi Consumption, 
Brompton; and by C. T. Williams, M.A , M.D. Oxon ; Fellow of the 
Royal College of Physicians; Physician to the Hospital foi Consumption, 
Biompton, Post 8vo, pnce los. 6rf. 

CONSUMPTION AND THE BREATH RE- 

BREATHED ; 

Being a Sequel to the Authoi’s Treatise on Consumption. By I-Ilnry 
MacCormac, M.D , Consulting Physician to the Belfast Hospital. 8vo, 
price p, 6a?. 


^ TREATISE ON MEDICAL ELECTRICITY, 

THEORETICAL AND PRACTICAL; 

And its Use m the Tie.atment of Paialysis, Neiualgia, and other Diseases. 
By Julius Althaus, M D , Membci of the Royal College of Physicians , 
Fellow of the Royal Medical and Chiniiglcal Society ; Senior Physician to 
the Infirmary for Epilepsy and r.iialysis. Third Edition, enlaiged an_d 
levised , with 147 Illusti.rtions eiigiavcd on Wood. S\o, piice 181. 


;^OTES ON THE TREATMENT OF SKIN 

DISEASES. 

By Roiieri' Livling, M A. and M D. Cantah , F R C.P I,ond., Physi- 
cian to the Middlesex II0spit.1I. Second Edition, with Additions. iSmo, 
price 2s 6(4 


ELEPHANTIASIS GRxECORUM, or Tiue 

Lepiosy ; being the Goulstonian Lcctuies for 1873, revised and 
enlaiged. By Roberi Livung, M.A. and M D. Cantab, F.R.C. P 
London, Physician to the Middlesex Hospital. Ciown 8vo, price 41. 6(4 


J)ISEASES OF SKIN AND ITS APPENDAGES. 

By Ausun Mrldon, L.R.C S I , L.K,, and Q C P I , L M. Singe on to 
Jeivis Sheet Hospital, Dublin; Double Gold Medallist, Fiiat.riuem.iu 
and late Demonstiatoi of Anatomy in ihe C.itholic Uiiivcisity of Iicland, 
Gold Mecl.-illist of the P.ithological Society of Iieland, &c. Ciowii 8vo, 

^HE CLIMATE OF THE SOUTH OF 

FRANCE AS SUITED TO INVALIDS; 

With Notices of Mediteiianean and other Winter Stations. By C. T. 
Williams, M.A., M.D. Oxon., FR.CP. ; Physician to tl.e Hospital 
for Consumption at Biompton. Second Edition, revised mid enlarged , 
with Fiontispiece and Map. Ciown Sio, pilce 61-, 
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QN CHRONIC BRONCHITIS, 

Especially as connected with GOUT, EMPHYSEMA, and 
DISEASES of the HEART. 

ByE. 1 -Ieadla.mGreenhow, M.D., F.RC.P., &c., Constatiiig-Physlcian 
to tlie Western Geiieial Dispensaiy, Physician to, and Lectiuer on the 
Principles and Practice of Medicine at, the Middlesex Hospital. Svo, “js. td. 


TREATISE ON THE CONTINUED FEVERS 
r OF GREAT BRITAIN. By Charles Murchison, M.D , 
LL.D,, F.R.S., &’C., Fellow of the Royal College of Physicians; Phy- 
sician and Lectiiier on the Pnnciples and Piactice of filedicmc, St. 
Thomas’s Hospital. Second Edition, llioioiighly levised and enlarged , 
with 5 CliiQinolithogiaphs, 19 Dugiams in Lithogiaphy, and 32 Illustia- 
tioiis engraved on Wood. 8vo, puce 241'. 


“The impiession which this senes of 
lectuies has made upon us is so favoiii- 
able that if we weie to expioss all the 
praise we feel it meiits, we feai oiu 
language might be thought hypeibohcal. 
It IS ceitainly the most instiiicUve and 
the most teaebinguoik on its subject 
in the English language. The plan of 
tlie woik" IS thoioiighly tlimcal , it 
aims principally at the inculcation of 
lilies and means foi the lecognition of 
the affections of which it tieats , and 


a caieful study of it must conduce to 
engendei in the student the habit of 
accuiacy in diagnosis . . , We 

assttic the student that Di Miuchiaon’s 
book IS not only the best guide to the 
lecoguition and rational tieatmeut of 
hepatic diseases, but that to the dili- 
gent leadei it will piove an excellent 
instiuctoi 111 diagnostic means and 
method in gcneial.” — St. Lotus Li/ndtuil 
yotn ml. 


^^YPHOID FEVER ; 

Its Natine, Mode of Spieading, and Pieveiition. By William BudDj 
hl.D., F.R.S. With Foul PUtes (one colouied). Royal 8vo, puce ibr. 


LECTURES ON FEVER 

Delivered in the Theatie of the Meath Hospital and County of Dublin 
Infiimaiy. By William .Stokls, M.D., D C.L 0 .\on., F R S., Regius 
Piofessor of Physic in the Univeisity of Dublin and Physician-iii-Oidiiiary 
to the Queen in Ircl.ind. Edited by J. W. MoiiiiE, M D., Diibl. Ex. -Schol , 
Tnn Coll. Dubl , .A-Ssistaiit-Physician to the Coik-Stieet Fevei Hospital, 
Dubim. Sio. 

^ TREATISE ON GOUT AND RHEUMATIC 

GOUT. By Alfred B. Garrod, M D., P.R.S., &c., Physician 
to King’s College Hospital. A New Edition, Ihoioughly leviscd, witli 
nluch addihon.il practical niattci. Crown 8vo. {Nairl}' rc.idy. 

QOUT, RHEUMATISM, AND RHEUMATIC 

GOUT. By Austin Mellon, L.R C.S.I., L.K., and Q.C.P I., 
L. M,, Siiigeon to Jeivis-stieet Hospital, Dublin ; Dublin Gold Medallist, 
Fust Piizeman and late Deinoiisli atoi of Anatomy m the Catholic Um- 
veisity of Iielaiid, Gold Medallist of the Pathological Society of Iieland, 
&c. Crown 8vo, lor. (id. 
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QLINICAL RESEARCHES ON DISEASE IN 

INDIA. 

By Cham.es Morehead, M.D., Smgeon to the Jamsetjee Jeejeehhoy 
Blospital. Second Edition, thoroughly levised. Evo, 2Ir. 

QN CANCER: ITS ALLIES AND COUNTER- 

FEITS. ^ 

By Weeden Cooke, Surgeon to the Cancer Hospital and to the Royal 
Free Hospital. Wrth 12 Coloured Plates. 8vo, I2r. (>d. 


"J^HE SKIM-MILK TREATMENT OF DIA- 

BETES AND BRIGHT’S DISEASE ; 

Wtlh Clirrical Observalrons on the Symptorrrs and Pathology of these 
Affeotroirs By Arthur ScottDo.skin, M D. Edirr., M 1 ) Duiharn, &o 
Lecturer on Medical Jurisprudence and Toxicology in the University of 
Durliain. Ciorvn 8vo, puce tor dll'. 

QN the surgical^ DISEASES OF THE 

TEETH AND CONTIGUOUS STRUCTURES. With then 
'lieatmaiit ByS. J.vmls A S u.tjsr, M.B., F.R S., Dental Siiigeon to 
Guy’s Hospital. Svo, with nriincioiis Illiistiatioiis. [Nearly reml}'. 

JNJURIES OF THE EYE, ORBIT, AND EYE- 

LIDS ; 

Tlieii Immediate and Remote Effects. By Georoe Lawson, F R.C.S , 
Surgeon to tire Royal London Oplilhalinic Hospital, Mooificlds. 8vo, 
with 92 Woodcuts, puce i2f. dA 

gT. BARTHOLOMEW’S HOSPITAL REPORTS, 

With lllristiations in Lithography and Woodcuts. First Slries, com- 
plete in Niue Voluines, Svo, puce yr. di/. each volume. 


gUciiscs 0f ^C^loiu'cii: aiiti iiuii 

^IcViTirl Movlis. 

^HE DIAGNOSIS AND TREATMENT OF 

DISEASES OF W^OMEN, INCLUDING THE DIAGNOSIS 
OF PREGNANCY. 

By GriVILY Hewiit, M D., Professor of Midwifery and Diseases of 
Women, Uiiiveisity College, and Obstetric Physician to the Flospital , 
Examiiiei 111 Obstetric Medicine to the Univeisity of London. Thud 
Edition, leviscd, and foi the most pait le-wiitteii ; rvilh several additional 
Illustiatioiis. Svo, with 132 Eiigrarings on Wood, puce 24a. 
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/J'HE DUBLIN PRACTICE OF MIDWIFERY. 

By Henry Maunseli,, JI.D., formerly Piofessoi of Midwifery in the 
Royal College of Smgeons m Ireland. New Edition, enlarged and revised. 
Edited by T. M. Mauden, M.R.I.A., &c., Senioi Assistant-PhysicLan to 
the Dublin Lymg-in-Hospital. Fcap. 8vo, 51-. 


fpNTS TO MOTHERS FOR THE MANAGE- 
MENT OF THEIR HEALTH DURING PREGNANCY 
AND IN THE LYING-IN ROOM: 

With Hints on Nursing, &c. By Thomas Bull, M.D. New Edition, 
revised and enlarged. Fcap. 5 j. 

THE MATERNAL MANAGEMENT OF CHILDREN 

IN HEALTH AND DISEASE. 

By the same Autlioi. New Edition, icvised and ciilaiged. Fcap. 5r. 


QN THE SURGICAL TREATMENT OF 

CHILDREN’S DISEASES. 

By T. Holmes, Siiigeon to St Geoigc’s Hospital, and Suigeon-in-Cliicf 
to the Metiopolit.in Police. Second Edition, thoiouglily levised , with 
Additional Chapteis on Oitliopredic Suigeiyand Paiaceiitesis Thoiacis. 
With 9 CliiomolithoginpliK, Plates and 112 Woodcut Illiistiatioiis fiom 
Oiiginal Diawings. 8vo, 21s. 


LECTURES ON THE DISEASES OF INFANCY 

AND CHILDHOOD. 

By Charles West, M.D., &c , Physician to the Hospital foi Sick 
Cliildien j Fellow of the Royal College of Physicians A New Edition, 
being the Sixth, caiefully levised thioughout, and cnlaiged. 8vo. 


XHE HANDBOOK FOR MIDWIVES. 

By Henry Fly Smith, M B Ovon., M R C S., late Assistant-Suigeon 
^rthe Hosi:>ital foi bitk Women, Soho bquaie. 'With 41 Woodcuts. 
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